The Ability of Patient-Symptom Questionnaires to
Differentiate PVFMD From Asthma

*Jinny Ye, TMehdi Nouraie, ¥Fernando Holguin, and 8Amanda l. Gillespie, *{i§Pittsburgh, Pennsylvania

Summary: Objectives. Goals of the current study were to (1) conduct initial validation of a new Paradoxical Vocal
Fold Movement Disorder Screening Questionnaire (PVFMD-SQ); (2) determine if symptom-based questionnaires can
discriminate between patients with confirmed PVFMD and those with diagnosed uncontrolled asthma without clinical
suspicion for PVFMD; and (3) determine if a new questionnaire with diagnostic specificity could be created from a
combination of significant items on previously validated questionnaires.

Methods. This is a prospective, case-controlled study of patients with PVFMD only and asthma only, who com-
pleted five questionnaires: Dyspnea Index, Reflux Symptom Index, Voice Handicap Index-10, Sino-Nasal Questionnaire,
and PVFMD-SQ. Factor analysis was completed on the new PVFMD-SQ, and the discrimination ability of selected
factors was assessed by receiver operating characteristics curve. The factor with the greatest discriminatory ability was
selected to create one diagnostic questionnaire, and scores for each participant were calculated to estimate how well
the factor correlated with a PVFMD or asthma diagnosis. Mean scores on all questionnaires were compared to test
their discriminatory ability.

Results. Patients with PVFMD showed greater voice handicap and reflux symptoms than patients with asthma. A
15-item one-factor questionnaire was developed from the original PVFMD-SQ, with a sensitivity of 89% and speci-
ficity of 73% for diagnosing asthma versus PVFMD. The combined questionnaires resulted in four factors, none of
which showed discriminatory ability between PVFMD and asthma.

Conclusion. This study represents the first time that a patient symptom-based screening tool has shown diagnostic

sensitivity to differentiate PVFMD from asthma in a cohort of symptomatic patients.
Key Words: Voice—Asthma—Paradoxical vocal fold movement disorder—Screening—Vocal cord dysfunction.

INTRODUCTION
Paradoxical vocal fold movement disorder (PVFMD), also known
as vocal cord dysfunction, is a laryngeal-based respiratory dis-
order characterized by the inappropriate, involuntary closure of
the true vocal folds usually during inspiration. This paradoxi-
cal movement may result in recurrent episodes of stridor, dyspnea,
a choking sensation, and dysphonia.'”” PVFMD has been asso-
ciated with many triggers, including voice use, exercise,
psychological conditions, environmental and occupational irri-
tants, rhinosinusitis, gastroesophageal reflux disease, and
neuroleptic drugs.*'* These symptoms frequently mimic those
of asthma."” Unlike asthma, the management of PVFMD in-
volves treating underlying comorbid conditions, such as
gastroesophageal or laryngopharyngeal reflux disease, in addi-
tion to behavioral breathing therapy."'®' Consequently, individuals
with PVFMD misdiagnosed as asthma or other lower airway dis-
orders have persistent symptoms despite aggressive therapy.>*'"!®
When PVFMD is misdiagnosed as refractory asthma, patients
undergo treatments with high-dose systemic corticosteroids, un-
necessary hospitalizations, endotracheal intubations, and
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tracheotomies.”'>!*?° Additionally, a lack of improvement per-
petuates a cycle of symptoms, exacerbations, and additional
corticosteroid use, which accumulate into enormous economic
and personal costs.”' As a result, valid, reliable, efficient, and
early diagnosis of PVFMD is imperative.

The gold standard for PVFMD diagnosis is flexible laryn-
goscopy to visualize the abnormal movement of vocal folds and
to rule out other causes of upper airway obstruction.'*%!>* Signs
and symptoms of PVFMD, however, can be difficult to induce
in the clinic, and the larynx often functions normally during la-
ryngoscopy. Pulmonary function testing (PFT) is an additional
valuable diagnostic test where a flattening of the inspiratory flow-
volume loop is considered a positive sign of PVEMD.*6>%* Ag
with laryngoscopy, however, PFTs are often normal or incon-
clusive owing to the episodic nature of the disorder. Several studies
have suggested inducing an episode with methacholine or
exercise.”*" Unfortunately, provocation tests along with laryn-
goscopy and PFTs are not routinely available in primary care
clinics where many of these patients initially present.

Because of the symptom overlap between PVFMD and asthma,
and the lack of a definitive clinical diagnostic standard for
PVFMD, many patients remain inappropriately diagnosed and
treated. The time between symptom presentation and accurate
diagnosis ranges from 2 to 13 years, with an average of 2.7 years.”
Further complicating appropriate diagnoses and subsequent treat-
ment, data suggest that 30% of patients have coexisting PVFMD
and asthma.*'

The current study had three goals. First, to conduct initial val-
idation of the PVFMD Screening Questionnaire using factor
analysis; second, to determine if symptom-based question-
naires can discriminate between patients with confirmed PVEMD
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and those with diagnosed uncontrolled asthma without clinical
suspicion for PVFMD; and third, to determine if a new ques-
tionnaire with diagnostic specificity could be created from a
combination of the significant items on previously validated ques-
tionnaires. Such a screening tool has the potential to assist in
early identification of PVFMD by primary care and specialist
practices alike and prevent unnecessary medication use and
hospitalization.

MATERIALS AND METHODS
All study procedures were approved by the University of Pitts-
burgh Institutional Review Board.

Study design

A prospective case-control study of participants determined to
have isolated PVFMD and isolated asthma was conducted. Par-
ticipants were included if they were between 18 and 70 years
old. Participants were excluded if they had a known coexis-
tence of PVFMD and asthma or other major illnesses that may
impair breathing, including neuromuscular diseases, chronic ob-
structive pulmonary disease, and restrictive lung diseases.

Participants in the PVFMD-only group were recruited from
The University of Pittsburgh Voice Center, an outpatient refer-
ral center focused on laryngeal disorders. Participants with newly
diagnosed PVFMD, via laryngoscopy performed by a fellowship-
trained laryngologist, with no evidence of airway obstruction or
previous asthma diagnosis, were included. Evidence of airway
obstruction was defined as PFT data of forced expiratory volume
in 1 second (FEV1) < 80% and FEV1/forced vital capacity
(FVC) < lower limit of normal. Additional inclusion criteria were
no history of lung diseases, including asthma, and normal vocal
fold structure.

The participants in the asthma-only group were recruited from
The University of Pittsburgh Comprehensive Lung Center, an
outpatient pulmonology center. Asthma-only participants were
included if they had been previously diagnosed with asthma,
defined as having a history of PFT bronchodilator response >12%
or bronchoconstriction on methacholine challenge test (PC20
>20%) or both. Additional inclusion criteria were symptomatic
asthma defined as receiving an Asthma Control Questionnaire
score >1.0% on enrollment; no clinical evidence of PVFMD; and
no evidence of dysphonia, upper airway symptoms, chronic cough,
or dyspnea not explained by asthma. All patients with asthma
only were evaluated and diagnosed by a fellowship-trained
pulmonologist.

Both groups completed two comprehensive respiratory ques-
tionnaires to evaluate the ability to discriminate between asthma
and PVFMD. The questionnaires used were the PVFMD Screen-
ing Questionnaire developed by the senior author and the Dyspnea
Index (DI).** The PVFMD Screening Questionnaire has 22
symptom-based questions partially derived from items dis-
carded during the validation of the DI, which was conducted in
200 consecutive patients who underwent laryngoscopy for eval-
uation of vocal fold disorders. Each question was formatted on
a four-point Likert scale (eg, “I get hoarse when I cough™;
1 =never; 2 = some of the time; 3 = very frequently; and 4 = all
the time). The DI is a validated, widely used, 10-item question-

naire on breathing symptoms.** The DI was developed as a way
to assess dyspnea symptom severity and as an outcome measure
for participants undergoing treatment for PVFMD. It has not been
previously assessed for sensitivity of differentiating PVFMD from
asthma. Each question is formatted using a five-point Likert scale
(eg, “I have trouble getting air in”: 0 = never, 1 = almost never,
2 = sometimes, 3 = almost always, 4 = always).

Participants also completed three previously validated
comorbidity questionnaires (Reflux Symptom Index [RSI],* Sino-
Nasal Questionnaire [SNQ],*® and Voice Handicap Index-10
[VHI-10]") to compare the rates of comorbidities between groups
and to assess if scores on these questionnaires could differen-
tiate between the patient groups. Responses to each item in these
questionnaires can be answered using Likert scales as men-
tioned previously. The RSI assessed the severity of patients’
laryngopharyngeal reflux symptoms as well as their variance with
treatment, whereas VHI-10 assessed the impact of voice prob-
lems and limitations on overall daily function. Higher scores
suggested more severe symptoms or higher impact on function-
ality. SNQ screened for chronic rhinosinusitis. Participants were
considered to have laryngopharyngeal reflux if their RSI is >13,%
rhinosinusitis if SNQ is >1,* and a voice handicap if VHI-10
is >11.%

Statistical analyses
All analyses were performed in Stata 14.0 (StataCorp., College
Station, TX). The population was divided into the following two
groups: participants with PVFMD only and participants with
asthma only. Descriptive statistics were used to summarize par-
ticipant demographics. The number of participants identified as
having any combination of laryngopharyngeal reflux,
rhinosinusitis, or a voice handicap as a result of a voice disor-
der was tabulated based on responses to the RSI, the SNQ, and
the VHI-10. Continuous variables (including scores from the ques-
tionnaires) were compared with Kruskal-Wallis test and
categorical variables with Fisher exact test between two groups.
For initial validation of the PVFMD Screening Question-
naire, comparison of the 22-item responses between the PVFMD-
only group and the asthma-only group was performed. Kruskal-
Wallis was used to compare the differences in the mean item
scores to determine whether the items detected differences
between the two groups. After testing for multivariate normal
distribution, an exploratory factor analysis with principal factor
approach was used to propose a symptom-based scoring system
to differentiate PVFMD from asthma. The significant ques-
tions were combined to form factors based on how each
combination of questions best allocated participants into the
correct group. Factors with eigenvalue greater than 1 were se-
lected for further screening because they correlated with more
variance in the data than a single item in the questionnaire. The
principal factor correlated with the biggest difference between
asthma and PVFMD. The unaccounted or residual difference was
accounted by the second principal factor. The exploratory factor
analysis continued as such until all the difference or variance
between asthma and PVFMD was accounted. An orthogonal ro-
tation was used to select the items with factor loading >0.3 and
cross-loading <0.2 to avoid factors correlating with each other
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TABLE 1.
Patient Characteristics

PVFMD Asthma

n=22 n = 28-30 P Value
Demographics
Female, n (%) 11 (50) 22 (73) 0.1
Age (y), median (IQR) 50 (33-56) 42 (32-51) 0.4
White, n (%) 22 (100) 15 (50) <0.001*
BMI (kg/m?), median (IQR) 28.2 (24.1-34.7) 31.4 (24.5-40.2) 0.2
Comorbidities
Laryngopharyngeal reflux, n (%) 17 (77) 15 (54) 0.1
Rhinosinusitis, n (%) 13 (59) 18 (64) 0.8
Voice handicap, n (%) 11 (50) 8 (29) 0.2

* P<0.05 was considered statistically significant.
Abbreviations: BMI, body mass index; IQR, interquartile range.

and to identify only the questions that have highest reliability
in distinguishing PVFMD from asthma.

On the basis of factor analysis, the discrimination ability of
selected factors was assessed by receiver operating character-
istics (ROC) curve. The factor with the highest area under the
curve (AUC), or discriminatory ability, was selected to reduce
the items to a one-factor questionnaire. Scores for each study
participant were calculated to estimate how well the factor cor-
related with a PVFMD or asthma diagnosis. This similar procedure
was conducted for the DI, the VHI-10, the RSI, and the SNQ.

RESULTS

Study population

The study population consisted of two groups: (1) participants
with PVFMD only (n = 22), and (2) participants with asthma only
(n=30). No differences in sex were found, which contrasts with
previous data that suggested a predominance of PVFMD in
women.'® Participants in each group were not significantly dif-
ferent in age or body mass index, as summarized in Table 1. PFT
values for participants with asthma only are listed in Table 2.

VALIDATION OF THE PVFMD SCREENING
QUESTIONNAIRE

Two rounds of exploratory factor analyses were completed to
select 15 out of 22 items from the PVFMD questionnaire. These
items formed four different factors as summarized in Table 3.
The factor with the highest AUC (0.88 [0.79-0.97]) was used
to reduce the 22-item questionnaire to 15 items. These items focus
on describing the frequency of characteristic coughs and sen-
sations of breathing. Based on beta coefficients, weights for the
final score were assigned to each item to maximize the ques-
tionnaire’s discriminatory ability between asthma and PVFMD.

Each factor was also used to determine the median scores of
each group as summarized in Table 4. Factor 3, the factor with
the highest AUC (0.88), also shows statistical significance for
distinguishing between PVFMD and asthma (P < .001). Partici-
pants with a diagnosis of PVFMD only had a median score of
—1.6 (2.1 to —0.9), whereas those with asthma only had a median
score of 0.1 (—0.9 to 0.8).

The resulting scoring system for distinguishing PVFMD from
asthma was tested at different cutoffs, with the results shown
in Table 5. APVFMD Screening Questionnaire cutoff of >—1.17
gave a sensitivity of 89% and a specificity of 73% for diagnos-
ing asthma. This cutoff score was considered the most optimal
cutoff score to distinguish PVFMD from asthma given the balance
of sensitivity and specificity. ROC curves for the PVFMD Screen-
ing Questionnaire and DI (AUC = 0.88 and 0.62, respectively)
are depicted in Figures 1 and 2. The ROC curve for the PVFMD
Screening Questionnaire is above the standard curve, whereas
the ROC curve for DI falls below, corresponding to a lower AUC.

APPLICATION OF THE SCORING SYSTEM
The effectiveness in screening for PVFMD or asthma was tested
by applying a cutoff score of —1.7 to the participants in this study
using the 15-item PVFMD Questionnaire seen in Table 6. By
using our scoring system, 13 out of 22 (59%) participants were
correctly screened for PVFMD, whereas 25 out of 28 (90%) par-
ticipants were correctly screened for asthma.

TABLE 2.
PFT Value in Patients With Asthma (All Values are Median
and IQR)

n=15-30
ACQ 2.0 (1.7-2.7)
Pre-challenge test
FEV1% 72 (64-87)
FVC% 79 (74-97)
FEV1/FVC% 67 (62-88)
Post-challenge test
FEV1% 80 (74-97)
FVC% 90 (83-106)
FEV1/FVC% 72 (65-91)
Changes %
FEV1 16 (11-21)
FvVC 8 (3-13)
FEV1/FVC 5 (3-8)

Abbreviations: ACQ, Asthma Control Questionnaire; FEV1, forced expi-
ratory volume in 1 second; FVC, forced vital capacity.
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TABLE 3.

Beta Coefficients for the 15 Items of the PVFMID Screening Questionnaire Generated by Exploratory Factor Analysis Or-

thogonal Rotation

Factors
1 2 3 4
Cough Symptoms
1. | get hoarse when | cough. —-0.02 —-0.06 -0.29 0.04
2. | have tightness in my throat when | cough. —-0.01 0.04 -0.22 -0.11
3. My cough is worse when | yell or laugh. -0.01 0.07 0.15 0.69
4. Strong smells (perfumes, cleaning supplies, others) make me 0.51 —-0.07 -0.02 -0.36
cough.
5. Second-hand smoke makes me cough. -0.12 -0.23 -0.20 -0.17
6. If | relax, my cough goes away. 0.03 —-0.06 -0.03 0.41
Breathing symptoms
7. When | am having breathing problems, | feel like | am breathing -0.27 -0.27 -0.12 —-0.06
through a straw.
8. When | am having breathing problems, | have trouble getting the —-0.06 -0.06 -0.25 -0.29
air in.
9. When | am having breathing problems, albuterol spray makes me -0.31 -0.31 0.45 -0.03
feel better.
10. When | am having breathing problems, albuterol nebulizations 0.03 0.03 0.32 0
make me feel better.
11. When | am having breathing problems, stress makes my —-0.05 —-0.05 —-0.05 0.03
breathing worse.
12. If | relax, my shortness of breath goes away. -0.27 -0.27 -0.18 0.39
13. Strong smells (perfumes, cleaning supplies, others) cause my 0.04 0.04 0.08 0.13
throat to close or tighten.
14. Strong smells (perfumes, cleaning supplies, others) make me feel 0.63 0.63 0.02 -0.03
out of breath.
15. Cold air makes me feel out of breath. —-0.07 —-0.07 -0.04 -0.20
AUC (95% CI) 0.64 0.23 0.88 0.30
(0.47-0.80) (0.10-0.36) (0.79-0.97) (0.15-0.45)
TABLE 4.
Median (interquartile range) of factors score in PVFIVID and asthma group
F1 F2 F3 F4
Median (IQR) Score
PVFMD (n = 22) —0.8 (-1.3 t0 0.5) 0.8 (0.3-1.7) -1.6 (-2.1 to —0.9) 0.9 (0.1-1.3)
Asthma (n = 28) 0.0 (0.6 to 0.5) 0.0 (0.6 to 0.6) 0.1 (-0.9 to 0.8) 0.1 (-0.5t0 0.7)
P value 0.1 0.001 <0.001 0.01
COMORBIDITY ANALYSIS Analysis of ROC curves was applied to the comorbidity ques-

Participants in the PVFMD-only group had higher median RSI,
VHI-10, and DI scores than those in the asthma-only group, al-
though these differences were not statistically significant (Table 7).

TABLE 5.
Performance characteristics of the PVFMD Question-
naire at different cutoff points

Sensitivity Specificity
Score >-1.65 96 45
Score >-0.71 71 86
Score >-0.18 61 95
Score >0.92 25 95

tionnaires, RSI, VHI-10, and SNQ, to evaluate their ability to
identify PVFMD (Figure 3). These questionnaires’ AUCs were
0.62 for RSI, 0.62 for VHI-10, and 0.36 for SNQ. RSI and VHI-
10 had AUC similar to that of DI. VHI-10 performed better than
DI in identifying PVFMD.

DISCUSSION
The current study represents the first time patient-symptom ques-
tionnaires have shown utility in differentiating PVFMD from
asthma. Specifically, results show that 15 questions from the
PVEMD Screening Questionnaire represent one factor, with each
question in that factor having a different weight. When these
weights are applied to a patient’s numeric responses on the
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PVFMD Area under curve = 0.88 (95%Cl = 0.79-0.97)
FIGURE 1. Receiver operating characteristic curves for the PVFMD
Questionnaire.

questionnaire, the tool can help discriminate between
PVFMD and asthma, potentially avoiding the costs of
misdiagnosis.

The current study builds upon the work of Traister et al.*” That
author group completed a retrospective review of medical records
of patients they had diagnosed with asthma and PVFMD to gather
patient-reported symptoms and comorbidities in these groups.
They determined that the patient symptoms most associated with

TABLE 6.
The PVFMID Screening Questionnaire

75

Sensitivity
5

T T T T

0 25 5 75 1
1 - Specificity
DI AUC =0.62 (0.47-0.78)

FIGURE 2. Receiver operating characteristic curve for the Dyspnea
Index to diagnose PVFMD.

PVFMD were throat tightness, reflux, dysphonia, and the pres-
ence of an odor trigger. The current study used validated
instruments designed to formally assess the severity of these
symptoms (eg, VHI-10, RSI, DI) and applied a new instru-
ment, validated as part of this investigation (PVFMD Screening
Questionnaire) to determine the ability of these questionnaires
to differentiate patients with PVFMD and asthma. Further, our
prospective study using exploratory factor analysis adds

Instructions: Each Question Has Four Options That Relate to How Frequently You May Experience the Condition Asked
on Each Question. Please Choose the Option That Most Closely Matches What You Feel.

1 = Never; 2 = Some of the Time; 3 = Very Frequently; 4 = All the Time Score
1. | get hoarse when | cough. 1 2 3 4 Response*-029=___
2. | have tightness in my throat when | cough. 1 2 3 4 Response*-0.22=___
3. My cough is worse when | yell or laugh. 1 2 3 4 Response*0.15=___
4. Strong smells (perfumes, cleaning supplies, others) make me cough. 1 2 3 4 Response*-0.02=___
5. Second hand smoke makes me cough. 1 2 3 4 Response*-02=___
6. Iflrelax, my cough goes away. 1 2 3 4 Response*-0.03=___
7. When | am having breathing problems, | feel like | am breathing through 1 2 3 4 Response*-0.12=___
a straw.
8. When | am having breathing problems, | have trouble getting the air in. 1 2 3 4 Response*-025=___
9. When | am having breathing problems, albuterol spray makes me feel 1 2 3 4 Response *0.45=___
better.
10. When | am having breathing problems, albuterol nebulizations make me 1 2 3 4 Response*0.32=___
feel better.
11. When | am having breathing problems, stress makes my breathingworse. 1 2 3 4 Response *-0.05=___
12. If I relax, my shortness of breath goes away. 1 2 3 4 Response*-0.18=___
13. Strong smells (perfumes, cleaning supplies, others) cause my throat to 1 2 3 4 Response*0.08=___
close or tighten.
14. Strong smells (perfumes, cleaning supplies, others) make me feel out of 1 2 3 4 Response*0.2=___
breath.
15. Cold air makes me feel out of breath. 1 2 3 4 Response*-0.04=___
Total Score:

Scores < -1.17 favors PVFMD
Scores > -1.17 favors asthma
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TABLE 7.
Median (Interquartile Range) of Responses to Different Questionnaires by Group
RSI VHI-10 SNQ DI PVFMD
PVEMD (n = 22) 23 (16-28) 13.5 (1.0-24.0) 1(0.4-1.2) 24 (19-32)
Asthma (n = 29-30) 14 (5-27) 3.5 (0.0-12.0) 1(0.8-1.6) 22 (18-26)
P value 0.15 0.10 0.16 0.22

additional cough symptoms, inspiratory symptoms, and allevi-
ating and aggravating factors as significant variables to better
characterize the symptoms of PVFMD. These variables used to
develop the Pittsburgh PVFMD Questionnaire with the chosen
cutoff score of —1.7 improve sensitivity to 85% in exchange for
a specificity of 73%. Further, unlike the study by Traister et al,
our study enrolled patients with symptomatic asthma and un-
treated patients with PVEMD. Studying poorly controlled subjects
with asthma in contrast with patients with symptomatic PVFMD
provides the advantage of discriminating asthma and PVFMD
without interference from treatment. Finally, similar to our study,
the asthma patients in the study by Traister et al did not undergo
laryngoscopy; however, in contrast to our study, although their
patients with PVFMD underwent laryngoscopy, they were not
evaluated by a laryngologist or speech-language pathologist.
The current gold standard for PVFMD diagnosis, laryngos-
copy, is limited in diagnostic utility partly by the transient and
intermittent nature of PVFMD. Therefore, it is important to
develop a diagnostic tool that does not rely solely on direct vi-
sualization of paradoxical vocal fold motion. Recent studies have
focused on voice quality impairments***'; vocal fold abduction
angle during exercise*’; dynamic CT**; lung sound analysis*;
and scoring systems based on symptoms, comorbidities, PFT data,
and physical examination findings**“® as possible diagnostic tools.

Sensitivity
5 75

25

The 15 items from the PVFMD Screening Questionnaire join
the tools in these recent studies to guide the primary care pro-
vider, as well as specialists, toward appropriate additional
diagnostic work-up and treatment in suspected PVFMD. Early
recognition and treatment of PVFMD can avoid the significant
economic and personal costs of misdiagnosis and mistreat-
ment as refractory asthma.

Comorbidity assessment

Patients in the PVFMD-only group scored higher on both the
VHI-10 and the RSI compared with the asthma-only group, sug-
gesting that those with PVFMD have more severe voice
impairment. The PVFMD-only group’s responses also met the
threshold for the presence of a voice problem (VHI-10 > 11),
whereas the asthma-only group did not. These findings are con-
sistent with previous studies with PVFMD subjects having
significant voice impairment compared with healthy subjects.***’
Although our findings are not statistically significant, they are
clinically significant in their implications for those with PVFMD
having poorer voice quality. The lack of statistical significance
despite compelling, large descriptive differences may be owing
to a small sample size and therefore, a type 2 error. The dete-
rioration of voice quality may be the result of comorbid diseases
interfering with phonation or the ability of vocal folds to vibrate.*

5 75

Sensitivity

25

0 25 5
1 - Specificity
RSIAUC = 0.62 (0.46-0.77)

Sensitivity
5 75

25

T T
0 .25
VHIAUC = 0.62 (0.46-0.73)

5
1 - Specificity

0 25 B 75 1
1 - Specificity
SNQ AUC = 0.36(0.21-0.51)

FIGURE 3. Receiver operating characteristic curves for three comorbidity questionnaires.
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Voice impairment has also been speculated to be a result of vocal
fold edema from reflux or the trauma of coughing.*®

The participants with PVFMMD only in this study also had
higher RSI scores, suggesting that their laryngopharyngeal reflux
symptoms are more severe than that of patients with asthma only
and the general population. The proposed laryngeal hyper-
responsiveness and laryngeal inflammation in laryngopharyngeal
reflux (LPR)* may be a contributing factor to the upper airway
symptoms of PVFMD. Because both voice handicap and LPR
are related to laryngeal or upper airway maladies, it is intuitive
that individuals with a laryngeal-based breathing disorder, such
as PVFMD, would experience increased voice and LPR-
related symptoms than an individual with a lower airway disorder,
such as asthma. With these commonalities and comorbidities co-
existing, clinicians may be able to use VHI-10 scores with
PVFMD Screening Questionnaire scores to guide referrals to a
laryngology clinic for further work-up of suspected PVFMD.

Limitations

The current study has several limitations. First, the gold stan-
dard for PVFMD diagnosis remains to be flexible laryngoscopy.
The PVFMD Screening Questionnaire currently does not replace
flexible laryngoscopy. Instead, its primary purpose is to guide
the application of laryngoscopy, or referral to a laryngology clinic
in individuals suspected to have PVFMD. Second, although the
PVFMD Screening Questionnaire helps distinguish PVFMD from
asthma, approximately 30% of patients with PVFMD may have
coexisting asthma.’'** Consequently, our scoring system may not
be able to distinguish isolated PVFMD from PVFMD coexist-
ing with asthma. To that end, further clinical work-up for
additional diagnoses, such as asthma, remains an important part
of clinical decision-making if patients with suspected PVFMD
only do not improve with treatment. Additional studies testing
the scoring system in individuals with confirmed coexisting
PVFMD and asthma are warranted. In addition, the isolated
asthma group did not undergo flexible laryngoscopy to rule out
PVEMD. The recruited participants, however, did not have a clin-
ical history or previous data that suggested PVFMD. It will be
important for future studies to address this concern by perform-
ing laryngoscopies on this population. Lastly, this study is also
limited by its study size. Conducting a factor analysis of a ques-
tionnaire this size (22 questions) requires approximately 150
participants. As a rule of thumb, the smallest sample size should
be at least four or five times the number of items in the ques-
tionnaire, preferably a 10 to 1 subject-to-item ratio.”® Future
validation studies will need to address this limitation by having
a larger study size for a more robust factor analysis of the PVFMD
Screening Questionnaire.

CONCLUSION
In summary, we attempted to develop a new test aimed at dis-
criminating PVFMD from asthma. First, validation of the PVFMD
Screening Questionnaire was completed. Factor analysis was used
to identify 15 out of 22 items, selected based on their signifi-
cant contribution to the summary score, for the final questionnaire.
Next, each participant’s scores were used to calculate the sen-
sitivity and specificity for each factor to identify asthma compared

with PVFMD. This process is similar to calculating, for example,
the diagnostic ability of blood sugar for diabetes. The factor with
the best diagnostic ability (area under ROC curve) was pro-
posed as the best test to differentiate between these two conditions.
The same process (area under ROC curve) was completed for
the VHI-10, the RSI, the DI, and the SNQ; however, these ques-
tionnaires had low AUCs and were deemed not diagnostic. The
final weighted 15 items of the PVFMD Screening Question-
naire is the first patient symptom-based scoring system developed
for distinguishing PVEMD from asthma. It has the potential to
guide referrals toward otolaryngology clinics for more detailed
PVFMD work-up, or to pulmonology clinics for asthma eval-
uation. Earlier and more accurate diagnosis could ultimately
decrease health-care utilization among those with PVFMD.

REFERENCES

1. Koufman JA, Block C. Differential diagnosis of paradoxical vocal fold
movement. Am J Speech Lang Pathol. 2008;17:327-334.

2. Leo RJ, Konakanchi R. Psychogenic respiratory distress: a case of
paradoxical vocal cord dysfunction and literature review. Prim Care
Companion J Clin Psychiatry. 1999;1:39-46.

3. Maschka DA, Bauman NM, McCray PB, et al. A classification scheme for
paradoxical vocal cord motion. Laryngoscope. 1997;107(11 pt 1):1429—
1435.

4. Murry T, Tabaee A, Owczarzak V, et al. Respiratory retraining therapy and
management of laryngopharyngeal reflux in the treatment of patients with
cough and paradoxical vocal fold movement disorder. Ann Otol Rhinol
Laryngol. 2006;115:754-758.

5. Neustein SM, Taitt-Wynter LM, Rosenblatt MA. Treating stridor with
opioids: a challenging case of paradoxical vocal cord movement. J Clin
Anesth. 2010;22:130-131.

6. Vertigan AE, Gibson PG, Theodoros DG, et al. A review of voice and upper
airway function in chronic cough and paradoxical vocal cord movement.
Curr Opin Allergy Clin Immunol. 2007;7:37-42.

7. Vertigan AE, Gibson PG, Theodoros DG, et al. The role of sensory
dysfunction in the development of voice disorders, chronic cough and
paradoxical vocal fold movement. Int J Speech Lang Pathol. 2008;10:231—
244.

8. Balkissoon R. Vocal cord dysfunction, gastroesophageal reflux disease, and
nonallergic rhinitis. Clin Allergy Immunol. 2007;19:411-426.

9. Doshi DR, Weinberger MM. Long-term outcome of vocal cord dysfunction.
Ann Allergy Asthma Immunol. 2006;96:794-799.

10. Gavin LA, Wamboldt M, Brugman S, et al. Psychological and family
characteristics of adolescents with vocal cord dysfunction. J Asthma.
1998:35:409-417.

11. Koek RJ, Pi EH. Acute laryngeal dystonic reactions to neuroleptics.
Psychosomatics. 1989;30:359-364.

12. Lacy TJ, McManis SE. Psychogenic stridor. Gen Hosp Psychiatry.
1994;16:213-223.

13. Pargeter NJ, Mansur AH. The relationship between gastrooesophageal reflux
and vocal cord dysfunction in a clinical setting. Thorax. 2007;62(suppl
3):A7-A8.

14. Perkner JJ, Fennelly KP, Balkissoon R, et al. Irritant-associated vocal cord
dysfunction. J Occup Environ Med. 1998;40:136—143.

15. Newman KB, Mason UG 3rd, Schmaling KB. Clinical features of vocal cord
dysfunction. Am J Respire Crit Care Med. 1995;152(4 pt 1):1382—-1386.

16. Gimenez LM, Zafra H. Vocal cord dysfunction: an update. Ann Allergy
Asthma Immunol. 2011;106:267-274.

17. Husein OF, Husein TN, Gardner R, et al. Formal psychological testing in
patients with paradoxical vocal fold dysfunction. Laryngoscope.
2008;118:740-747.

18. Niggemann B. How to diagnose psychogenic and functional breathing
disorders in children and adolescents. Pediatr Allergy Immunol.
2010;21:895-899.


http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0010
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0010
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0015
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0015
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0015
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0020
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0020
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0020
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0025
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0025
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0025
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0025
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0030
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0030
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0030
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0035
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0035
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0035
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0040
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0040
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0040
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0040
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0045
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0045
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0050
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0050
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0055
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0055
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0055
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0060
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0060
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0065
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0065
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0070
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0070
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0070
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0075
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0075
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0080
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0080
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0085
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0085
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0090
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0090
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0090
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0095
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0095
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0095

Journal of Voice, Vol. HE, No. HH, 2016

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

Mikita J, Parker J. High levels of medical utilization by ambulatory patients
with vocal cord dysfunction as compared to age- and gender-matched
asthmatics. Chest. 2006;129:905-908.

Sekerel BE, Akpinarli A, Kalayci O. Vocal cord dysfunction: more morbid
than asthma if misdiagnosed. J Investig Allergol Clin Immunol. 2002;12:65—
66.

Bahadori K, Doyle-Waters MM, Marra C, et al. Economic burden of asthma:
a systematic review. BMC Pulm Med. 2009;9:24.

Forrest LA, Husein T, Husein O. Paradoxical vocal cord motion:
classification and treatment. Laryngoscope. 2012;122:844-853.

Sterner JB, Morris MJ, Sill JS, et al. Inspiratory flow-volume curve evaluation
for detecting upper airway disease. Respir Care. 2009;54:461-466.
Watson MA, King CS, Holley AB, et al. Clinical and lung-function variables
associated with vocal cord dysfunction. Respir Care. 2009;54:467-473.
Guss J, Mirza N. Methacholine challenge testing in the diagnosis of
paradoxical vocal fold motion. Laryngoscope. 2006;116:1558-1561.
Heimdal JH, Roksund OD, Halvorsen T, et al. Continuous laryngoscopy
exercise test: a method for visualizing laryngeal dysfunction during exercise.
Laryngoscope. 2006;116:52-57.

Morris MJ, Deal LE, Bean DR, et al. Vocal cord dysfunction in patients
with exertional dyspnea. Chest. 1999;116:1676—1682.

Perkins PJ, Morris MJ. Vocal cord dysfunction induced by methacholine
challenge testing. Chest. 2002;122:1988-1993.

Rundell KW, Spiering BA. Inspiratory stridor in elite athletes. Chest.
2003;123:468-474.

Tervonen H, Niskanen MM, Sovijirvi AR, et al. Fiberoptic
videolaryngoscopy during bicycle ergometry: a diagnostic tool for exercise-
induced vocal cord dysfunction. Laryngoscope. 2009;119:1776-1780.
Morris MJ, Christopher KL. Diagnostic criteria for the classification of vocal
cord dysfunction. Chest. 2010;138:1213-1223.

Traister RS, Fajt ML, Whitman-Purves E, et al. A retrospective analysis
comparing subjects with isolated and coexistent vocal cord dysfunction and
asthma. Allergy Asthma Proc. 2013;34:349-355.

Juniper E, O’byrne P, Guyatt G, et al. Development and validation of a
questionnaire to measure asthma control. Eur Respir J. 1999;14:902-907.
Gartner-Schmidt JL, Shembel AC, Zullo TG, et al. Development and
validation of the Dyspnea Index (DI): a severity index for upper airway-
related dyspnea. J Voice. 2014;28:775-782.

Belafsky PC, Postma GN, Koufman JA. Validity and reliability of the reflux
symptom index (RSI). J Voice. 2002;16:274-277.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Dixon AE, Sugar EA, Zinreich SJ, et al. Criteria to screen for chronic
sinonasal disease. Chest. 2009;136:1324—1332.

Rosen CA, Lee AS, Osborne J, et al. Development and validation of the
voice handicap index-10. Laryngoscope. 2004;114:1549-1556.

Arffa RE, Krishna P, Gartner-Schmidt J, et al. Normative values for the Voice
Handicap Index-10. J Voice. 2012;26:462-465.

Traister RS, Fajt ML, Landsittel D, et al. A novel scoring system to
distinguish vocal cord dysfunction from asthma. J Allergy Clin Immunol
Pract. 2014;2:65-69.

Yelken K, Gultekin E, Guven M, et al. Impairment of voice quality in
paradoxical vocal fold motion dysfunction. J Voice. 2010;24:724-727.
Vertigan AE, Theodoros DG, Winkworth AL, et al. Acoustic and
electroglottographic voice characteristics in chronic cough and paradoxical
vocal fold movement. Folia Phoniatr Logop. 2008;60:210-216.

Taverne J, Ramon P, Fournier C, et al. [Exercise-induced vocal cord
dysfunction in asthma: a new diagnostic method]. Presse Med. 2014;43(12
pt 1):€393-e400.

Cheng WT, Chen HW, Su IH, et al. Vocal cord dysfunction diagnosed by
four-dimensional dynamic volume computed tomography in patients with
difficult-to-treat asthma: a case series. J Formos Med Assoc. 2015;114:1285—
1290.

Low K, Lau KK, Holmes P, et al. Abnormal vocal cord function in
difficult-to-treat asthma. Am J Respir Crit Care Med. 2011;184:50-56.
Amimoto Y, Nakano H, Masumoto N, et al. Lung sound analysis in a patient
with vocal cord dysfunction and bronchial asthma. J Asthma. 2012;49:227—
229.

Pinto LH, Aun MV, Cukier-Blaj S, et al. Vocal cord dysfunction diagnosis
may be improved by a screening check list. Allergol Int. 2015;65:180-185.
[Epub ahead of print].

Vertigan AE, Theodoros DG, Winkworth AL, et al. Perceptual voice
characteristics in chronic cough and paradoxical vocal fold movement. Folia
Phoniatr Logop. 2007;59:256-267.

Murray DM, Lawler PG. All that wheezes is not asthma. Paradoxical vocal
cord movement presenting as severe acute asthma requiring ventilatory
support. Anaesthesia. 1998;53:1006-1011.

Spyridoulias A, Lillie S, Vyas A, et al. Detecting laryngopharyngeal reflux
in patients with upper airways symptoms: symptoms, signs or salivary
pepsin? Respir Med. 2015;109:963-969.

Lachenbruch PA. Some misuses of discriminant analysis. Methods Inf Med.
1977;16:255-258.


http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0100
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0100
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0100
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0105
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0105
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0105
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0110
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0110
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0115
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0115
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0120
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0120
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0125
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0125
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0130
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0130
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0135
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0135
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0135
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0140
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0140
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0145
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0145
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0150
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0150
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0155
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0155
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0155
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0160
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0160
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0165
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0165
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0165
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0170
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0170
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0175
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0175
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0175
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0180
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0180
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0185
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0185
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0190
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0190
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0195
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0195
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0200
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0200
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0200
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0205
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0205
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0210
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0210
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0210
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0215
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0215
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0215
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0220
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0220
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0220
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0220
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0225
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0225
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0230
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0230
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0230
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0235
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0235
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0235
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0240
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0240
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0240
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0245
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0245
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0245
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0250
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0250
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0250
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0255
http://refhub.elsevier.com/S0892-1997(16)30229-6/sr0255

	 The Ability of Patient-Symptom Questionnaires to Differentiate PVFMD From Asthma
	 Introduction
	 Materials and Methods
	 Study design
	 Statistical analyses

	 Results
	 Study population

	 Validation of the PVFMD Screening Questionnaire
	 Application of the Scoring System
	 Comorbidity Analysis
	 Discussion
	 Comorbidity assessment
	 Limitations

	 Conclusion
	 References


