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ABSTRACT

Vocal cord dysfunction (VCD) is often misdiagnosed as asthma or complicates coexisting asthma. This study aimed to
identify distinguishing clinical characteristics in patients with VCD, asthma, and coexisting VCD and asthma. We conducted
a retrospective analysis of demographic and clinical data from 292 patients with VCD, asthma, coexisting VCD and asthma,
and control subjects from an outpatient university asthma/allergy clinic. Concomitant asthma was present in 32.6% of VCD
subjects. Overall, 42.4 % of all VCD subjects were previously misdiagnosed as having asthma for an average of 9.0 years. Upper
airway symptoms were more prevalent in the VCD population and nocturnal apnea was more prevalent in comorbid VCD and
asthma compared with either condition alone. Irritable bowel syndrome and chronic pain were identified as new comorbidities
associated with VCD. VCD subjects who had been misdiagnosed with asthma had significantly more health care and asthma
medication use compared to VCD subjects who had not mimicked asthma. There was no difference in asthma severity between
those with and without VCD. Comorbid VCD and asthma led to an increase in long-acting B-agonist use only, but no difference
in health care usage, compared with asthma alone. These findings suggest that the main morbidity associated with VCD may

not lie in its inherent disease process, but instead in its ability to mimic asthma.
(Allergy Asthma Proc 34:349-355, 2013; doi: 10.2500/ aap.2013.34.3673)

Vocal cord dysfunction (VCD) is defined by abnor-
mal adduction of the vocal cords, primarily dur-
ing inspiration. The exact prevalence of VCD in the
general population is unknown, but it has a higher
incidence among women." Symptoms of VCD include
dyspnea (especially on inspiration), cough, wheezing,
dysphonia, and throat tightness. Although symptoms
may be absent at rest, they can often be exacerbated by
specific irritants.>

The differential diagnosis for VCD includes upper
airway anatomic defects, neurological problems in-
volving the vagus or recurrent laryngeal nerves, laryn-
geal edema, and uncontrolled asthma.’ Although the
exact cause is unknown, it has been hypothesized that
the laryngeal hyperresponsiveness observed in VCD
may be secondary to inflammation and/or irritation of
the vocal cords. The potential triggers include gastro-
esophageal reflux disease (GERD), rhinitis with post-
nasal drip, viral upper respiratory tract infections, cold
and/or dry air, and chemical or occupational irri-
tants.> Additionally, various psychosocial factors
have been found to be more prevalent in VCD pa-
tients.®”
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Proposed guidelines for the diagnosis of VCD in-
clude appropriate clinical history, evidence of abnor-
mal vocal cord motion on laryngoscopy, and pulmo-
nary function test criteria.® Spirometry can be normal
without bronchodilator response or show flattening of
the inspiratory flow volume loop.”'® Additionally,
bronchoprovocation testing should be negative for
asthma although it may trigger symptoms of abnormal
vocal cord movement.''? Laryngoscopic exam can be
normal in between attacks if the appropriate trigger is
absent. Conversely, laryngoscopic exam can be abnor-
mal in the absence of symptoms.'® Recently, dynamic
volume computed tomography scan was shown to be
effective in identifying VCD.'* The management of
VCD includes treatment directed at underlying comor-
bid conditions in addition to speech and behavioral
therapy.’

Recent evidence suggests that asthma prevalence
is currently around 8% in the American popula-
tion." Several studies have attempted to examine the
presence of VCD in patients diagnosed with asthma
and found wide-ranging estimates, with VCD pres-
ent in 1.6-75% of asthmatic patients.*'°~'8 Other
studies have evaluated the presence of asthma in
patients with underlying VCD and have found a
29-66% prevalence of asthma in this population.'®*°
Most of the studies have not used objective criteria
for making the diagnosis of asthma and instead have
relied on clinical history, which can make interpre-
tation difficult when attempting to distinguish the
two disorders.
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In this study, we aimed to identify subjects with
VCD alone or VCD and asthma. We then retrospec-
tively compared a large cohort of adult patients with
coexistent VCD and asthma, VCD alone, and asthma
alone. We hypothesized that there would be distin-
guishing features, including demographics, symptoms,
medication usage, comorbidities, and health care us-
age, which would help differentiate these groups of
patients. Furthermore, we hypothesized that some sub-
jects who presented with an a priori diagnosis of
asthma would, in fact, only have VCD and would also
have distinguishing features from the remainder of the
VCD population. To date, this is the largest analysis
examining the relationship of VCD and asthma.

METHODS

Study Design

We conducted a retrospective analysis of patients
seen in an outpatient university asthma-allergy center
from July 2004 through January 2010 by a single pro-
vider. The VCD group was selected by identifying all
subjects with the ICD-9 code 478.5 (vocal cord disease
not elsewhere classified) seen during this time frame
(n = 259). Only subjects who met criteria for VCD
diagnosis were included in analysis. The diagnosis of
VCD was based on the following diagnostic criteria: a
consistent clinical history (prolonged symptoms, recur-
rent or intermittent episodes, and reproducible inciting
factors), symptoms (including dyspnea, upper airway
stridor or wheezing, throat tightness, chest tightness,
cough, or dysphonia), and positive findings on laryn-
goscopy.” Laryngoscopy was performed in all subjects
by a single provider during which abnormal vocal cord
motion or vocal cord collapse was noted. If no abnor-
mal motion or collapse of the vocal cords was detected,
but the subject related a history of irritants such as
strong scents, odors, or exercise eliciting their symp-
toms, a laryngoscopy was repeated with provocation
(exercise challenge or exposure to a strong perfume)
and vocal cords were observed for abnormal motion
and/or collapse. If there was no laryngoscopic findings
of VCD, these subjects were excluded from analysis
(n = 127). The remaining subjects with confirmed VCD
(n = 132) were then evaluated for the presence of
asthma based on ICD-9 code 493 and diagnostic criteria
for asthma. The diagnosis of asthma was made using
currently accepted criteria, including a consistent his-
tory, evidence of obstruction and bronchodilator re-
sponse on spirometry, and/or positive bronchoprovo-
cation challenge testing with methacholine, consistent
with the 2007 National Asthma Education and Preven-
tion Program Guidelines.?! Given the concern for false
positive methacholine challenge tests in subjects with
VCD, we imposed strict criteria for positive bron-
choprovocation, which included a disproportionate de-
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crease in forced expiratory volume in 1 second (FEV;)
with concomitant decrease in FEV, /forced vital capac-
ity ratio, a concave expiratory flow volume loop, and
absence of flattening of the inspiratory flow volume
loop. There were 43 subjects who had coexistent
asthma and VCD and 89 who had VCD only based on
these diagnostic criteria. For our asthma alone group,
100 computer-generated randomly selected asthma pa-
tients (ICD-9 code of 493) were evaluated objectively
for presence of asthma based on aforementioned crite-
ria. Fifty-nine subjects met criteria for asthma diagno-
sis. The controls in our study were computer-generated
randomly selected patients who did not have a diag-
nosis of any respiratory disease (including asthma) or
vocal cord disease (n = 101). They were seen in our
clinic and by the same provider over the same time
period as the identified subjects with VCD and/or
asthma. Demographic and clinical data were obtained
on all subjects. Comorbidities were extracted from the
patient’s reported medical history. No attempt was
made to prove or disprove any of the diagnosis exam-
ined, except for asthma and VCD, as described previ-
ously. In all asthmatic patients severity was deter-
mined.** This study was approved by the Institutional
Review Board at our facility.

Statistical Analysis

Statistical analysis was performed using JMP soft-
ware (SAS Institute, Cary, NC). Pearson chi-square
tests compared categorical variables. For normally dis-
tributed data, analysis of variance was used, and for
nonparametric numerical demographic data the
Kruskal-Wallis test was used to compare medians. A
value of p < 0.05 was considered statistically signifi-
cant. Ninety-five percent confidence intervals were
also recorded.

RESULTS

Study Population

The total study population (n = 292) was divided
into four groups: (1) subjects with VCD alone (n = 89),
(2) asthma alone (n = 59), (3) coexistent asthma and
VCD (n = 43), and (4) controls without either diagnosis
(n = 101). The control population without asthma or
VCD was used strictly for comparing demographics
and comorbidities and to allow comparisons of our
VCD population with results of previous studies. The
control group was not included in the remainder of
analyses comparing those with VCD alone, asthma
alone, or coexistent VCD and asthma. There was no
difference in age, body mass index, or history of to-
bacco use among groups (Table 1). There were signif-
icantly more women in the VCD population, consistent
with previous studies.®> There was no difference in
asthma severity between those with asthma alone and
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Table 1 Characteristics of patients with VCD alone, VCD and asthma, asthma alone, and a control group

VCD VCD and Asthma Asthma
(n = 89) (n = 43) (n = 59)

47.0 (37.0-56.0)  47.0 (40.0-56.0)  38.0 (28.0-53.8)

Control Group Overall
(n = 101) p Value

48.0 (36.5-58.0) 0.08

Age (yr, median,
[interquartile range])

BMI (median, [interquartile
range])

Percent female (95% CI) 91.0% (83.3-95.4)

Tobacco use (95% CI) 27.0% (18.8-37.0)

*p < 0.05 was considered statistically significant.
VCD = wocal cord dysfunction; CI = 95% confidence interval; BMI = body mass index.

29.0 (23.4-36.0) 29.5(25.0-34.8) 269 (22.6-33.2) 26.9 (23.6-31.8) 0.23

83.7% (70.0-91.9)
44.2% (30.4-58.9)

63% (53.2-71.8)
29% (21.0-38.5)

68.3% (58.7-76.6) <0.0001*
38.6% (29.7-48.4)  0.20

Table 2 Comorbidities between subject groups

VCD
(n = 89)

VCD and Asthma

(n = 43)

Asthma
(n = 59)

Overall
p Value

Control Group
(n = 101)

Allergic rhinitis/

conjunctivitis
Food allergy
Drug allergy
GERD

Irritable bowel syndrome
Psychiatric diagnosis

Chronic pain

74.2% (64.2-82.1)

13.5% (7.9-22.1)
57.3% (46.9-67.1)
67.4% (57.1-76.3)
12.4% (7.0-20.8)
49.4% (39.3-59.6)
24.7% (16.9-34.6)

86.0% (72.7-93.4)

14.0% (6.6-27.3)
51.2% (36.8-65.4)
65.1% (50.2-77.6)
9.3% (3.7-21.6)
34.9% (22.4-49.8)
11.6% (5.1-24.5)

76.3% (64.0-85.3)

18.6% (10.7-30.4)
42.4% (30.6-55.1)
35.6% (24.6-48.3)
3.4% (1.0-11.5)
32.2% (21.7-44.9)
15.3% (8.2-26.5)

52.5% (42.8-61.9) <0.0001

11.9% (6.9-19.6)  0.69
49.5% (40.0-59.1)  0.35
33.7% (25.2-43.3) <0.0001#§
3.0% (1.0-8.4) 0.04
26.7% (19.1-36.1)  0.01§
7.9% (4.1-149)  0.01

The p values were determined by chi-squared method; overall, p < 0.05 was considered statistically significant; intergroup
comparisons, p < 0.05 as follows: #asthma vs VCD and asthma; §VCD vs asthma; 95% confidence intervals in parenthesis.

GERD = gastroesophageal reflux disease; VCD = wvocal cord dysfunction.

those with VCD and asthma. Those with asthma alone
consisted of 53.5, 25.8, and 20.7% of mild, moderate,
and severe asthmatic patients, respectively, and those
with VCD and asthma consisted of 50.5, 26.7, and
22.8%, respectively (p = 0.77). There was no difference
in pre- or postbronchodilator FEV,% predicted values
among asthmatic patients alone compared with those
with coexistent VCD and asthma (p > 0.05).

Relationship between VCD and Asthma

Comorbidities. We evaluated all 132 VCD subjects for
the presence of coexistent asthma and found that 32.6%
(n = 43) of VCD subjects also had asthma, and 67.4%
(n = 89) had VCD alone. Among the groups, there
were significant differences in reported medical his-
tory, including allergic rhinitis/conjunctivitis, GERD,
irritable bowel syndrome, chronic pain, and a psychi-
atric diagnosis. Intergroup comparisons revealed that
GERD, psychiatric diagnoses, irritable bowel syn-
drome, and chronic pain were increased in those with
VCD compared with controls, although only GERD
and psychiatric diagnoses remained statistically signif-
icant when those with VCD alone were compared with
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those with asthma (Table 2 and data not shown). In this
study a diagnosis of chronic pain was given if subjects
reported a history of chronic musculoskeletal pain of
any type, fibromyalgia, or chronic headaches.

Symptoms and Triggers. Overall, there were signifi-
cant differences in throat tightness (p < 0.0001), wheez-
ing (p < 0.0001), heartburn (p = 0.008), dysphonia (p =
0.0002), throat clearing (p < 0.0001), and nocturnal
apnea (p = 0.05) between the groups, and no differ-
ences were observed for shortness of breath, chest
tightness, or cough (Fig. 1). Intergroup comparisons
were also made and significant differences are indi-
cated in Fig. 1. Wheezing tended to be more prevalent
in those with asthma, as one might expect. Symptoms
of heartburn, dysphonia, throat clearing, and throat
tightness were more common in those with VCD with
or without asthma compared with those with asthma
alone. Nocturnal apnea was more common in patients
with coexistent VCD and asthma compared with those
with VCD or asthma alone. Triggers of odors, stress,
and inhaler use were more common in those with VCD
with or without asthma than asthma alone, and exer-
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cise was a more common trigger in those with asthma
alone.

Medication Use at Initial Visit. Overall, there were
significant differences in inhaled corticosteroid (p =
0.004), long-acting B-agonists (LABA; p = 0.0002), and
short-acting B-agonists (SABA; p = 0.002), proton
pump inhibitors (p = 0.04), and psychiatric medication
usage (p = 0.04) between the groups. There was no

352

*Hospitalizations

Leukotriene *Psychiatric
Modifier Medication

OVCD Alone (N=89)
®VCD and Asthma (N=43)

8 Asthma Alone (N=59)

Figure 2. Comparison of (A) medica-
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asthma versus VCD and asthma;°p <
0.05 for VCD wversus asthma.
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difference in antihistamine or leukotriene modifier use.
VCD subjects with or without asthma were using more
proton pump inhibitors compared with asthma alone
(Fig. 2 A). Intergroup comparisons revealed that asth-
matic patients with or without VCD were generally
prescribed an SABA and inhaled corticosteroid more
often. LABA use was increased in those with coexistent
VCD and asthma compared with those with VCD or
asthma alone. Interestingly, those with VCD alone
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were more likely to be prescribed psychiatric medica-
tions compared with those with coexistent VCD and
asthma or asthma alone.

Health Care Usage. Overall, there were significant
differences in health care use among the three groups
(VCD alone, VCD and asthma, and asthma alone),
including emergency department (ED) visits (p = 0.01),
hospitalizations (p = 0.01), and exacerbations treated
with systemic steroids (p = 0.002; Fig. 2 B). When
comparing VCD alone with coexistent VCD and
asthma or comparing VCD alone with asthmatic pa-
tients alone, these differences persisted. These inter-
group comparisons suggest that this difference is
caused by the presence of asthma, regardless of the
presence of VCD. Importantly, there was no difference
in health care use between those with coexistent VCD
and asthma, compared with those with asthma alone.

Asthma Misdiagnosis. Overall, 42.4% (56/132) of all
VCD subjects had been previously misdiagnosed with
asthma. Those who had been misdiagnosed had car-
ried an asthma diagnosis for an average of 9.0 years.
Within the 132 VCD subjects, we performed a suba-
nalysis of the 56 VCD-only subjects (previously misdi-
agnosed as having asthma) with 76 VCD-only subjects
(not having ever been given a diagnosis of asthma).
There were no differences between the groups in terms
of basic demographics and comorbidities. However,
the VCD subjects who had been misdiagnosed with
asthma had significantly more health care use, includ-
ing asthma medication use (inhaled steroids, LABAs,
SABAs, and leukotriene modifiers), ED visits, and “ex-
acerbations” treated with steroids (all, p < 0.05). More-
over, there was also a strong trend toward increased
hospitalizations in the misdiagnosed group as well
(r = 0.07).

DISCUSSION

The relationship between VCD and asthma remains
unclear. It was first recognized that VCD could mimic
asthma in 1983, and given its symptom overlap, it can
remain misdiagnosed as asthma for long periods of
time.” It has since been suggested that both disorders
can coexist, although there are varying opinions re-
garding their exact relationship. Glottic narrowing
(particularly during expiration) may be a physiological
compensatory mechanism to bronchial obstruction.?*
Others have suggested that laryngeal dysfunction may
be intrinsic to asthma.'” Alternatively, VCD and
asthma may be isolated disorders that can coexist.*®
Given the paucity of available literature, we used ob-
jective data to diagnose both VCD and asthma to better
characterize the relationship.>'® This is the largest ret-
rospective study to date examining the relationship
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between VCD and asthma and is the first to use objec-
tive evidence to diagnose asthma using spirometry or
methacholine challenge rather than relying on patient
history. It has been shown that methacholine challenge
can induce VCD, resulting in a false positive test.'!? In
an effort to eliminate this confounding possibility, we
used strict criteria for a positive methacholine chal-
lenge. Exhaled nitric oxide may also be beneficial in
diagnosing asthma in a subset of patients, but these data
were not routinely available in this study. Overall, using
strict diagnostic criteria, we believe we have identified a
population with coexistent VCD and asthma.

In our study, 32.6% of subjects with VCD had con-
comitant asthma. Given the high prevalence of asthma
in the VCD population, one could suggest that screen-
ing all patients with VCD for asthma is warranted. The
present study examined the relationship between
asthma and VCD in more detail and compared subjects
with comorbid VCD and asthma, VCD alone, and
asthma alone. Two prior studies evaluated these rela-
tionships in 95 and 94 subjects, respectively.'®'?

Similar to previous studies, our VCD patients (with
or without asthma) were more likely to be women and
have comorbid GERD or a psychiatric diagno-
sis.19202627 Moreover, we observed an association of
VCD with irritable bowel syndrome and chronic pain,
which has not been previously described. Although
Yelken et al. reported increased allergy in coexistent
asthma and VCD compared with asthmatic patients
alone, our study found no difference among the
groups, likely reflecting the presence of atopy in the
asthmatic population and a known association of aller-
gic rhinitis with VCD.'®

Health care use is an important measure in asthma
management. Newman et al. reported more ED visits in
those with VCD alone compared with coexistent VCD
and asthma and more hospitalizations in asthmatic pa-
tients alone compared with those with coexistent VCD
and asthma.'” They also found that VCD patients with
coexistent asthma had a trend toward increased medica-
tion usage. In our study, those with coexistent VCD and
asthma had similar health care usage compared with
those with asthma alone, with the exception of increased
LABA use. Notably, those with coexistent VCD and
asthma had more ED visits, hospitalizations, and exacer-
bations treated with steroids compared with those with
VCD alone, but such findings were not observed when
compared with asthmatic patients.

In the study by Newman et al., 44% had VCD alone
and were previously misdiagnosed with asthma. This
was consistent with our findings that 42.4% of VCD
subjects were misdiagnosed with asthma for an aver-
age of 9.0 years, slightly higher than the 4.8 years
previously published." Furthermore, our subanalysis
of the VCD population revealed that those with a prior
misdiagnosis of asthma had significantly more health
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care and medication use, which has not been previ-
ously reported.

Prior studies suggest that when compared with co-
existent VCD and asthma, patients with VCD experi-
ence more stridor, and patients with asthma report
more chest pain, sputum production, and choking sen-
sation.’ However, our study found that VCD patients
with or without asthma compared with asthma alone
had significantly more throat tightness, dysphonia,
throat clearing, and reflux. Also, we found more
wheezing in asthmatic patients with or without VCD
compared with VCD alone. Our findings are similar to
those of Yelken et al., who found that dysphonia and
choking were more common in those with coexistent
VCD and asthma compared with asthma alone, and
wheezing was more common in asthmatic patients.'®

Interestingly, we found nocturnal apnea to be more
common in patients with coexistent VCD and asthma
than in those with either condition alone, which is a
novel observation. Parsons ef al. previously reported a
trend toward an increased prevalence of sleep apnea in
patients with coexistent VCD and asthma compared
with asthmatic patients, but did not compare sleep
apnea in coexistent VCD and asthma versus VCD
alone.! In our study, there was no difference in sleep
apnea across groups (data not shown). Exercise was also a
common VCD trigger, which has been previously re-
ported.® However, exercise did not help differentiate
VCD patients from asthmatic patients because it was an
even more common symptom trigger in those with
asthma alone. It is likely that a combination of specific
upper airway symptoms along with exercise is needed to
distinguish asthma from VCD.

We found that those with VCD with or without asthma
compared with asthma alone were more likely to report
odors, stress, or inhaler use as triggers for their symp-
toms, and there was no difference in these triggers be-
tween patients with VCD compared with patients with
coexistent VCD and asthma. These results suggest that in
patients with a confirmed diagnosis of asthma, VCD
might be considered a comorbidity if any of the afore-
mentioned symptoms or triggers are present.

Our study has several limitations, including the ret-
rospective nature, and possible selection bias in a ter-
tiary referral center, because our control population is
likely overrepresented by subjects with allergic condi-
tions. Although our subjects, based on comparison of
four groups, did not differ in age, body mass index,
and tobacco use, we did not make a specific attempt to
match subjects by any criteria other than the one pro-
vider evaluated all subjects, in one location, and over
the same time frame. Although we implemented strict
criteria for positive methacholine challenge, false pos-
itive results are still possible. A single provider per-
formed all laryngoscopies in this study, which should
eliminate interobserver differences in the diagnosis of
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abnormal vocal cord motion or collapse. Laryngosco-
pies were not performed in the subjects with asthma
alone and it therefore remains possible that some of
these subjects had coexistent VCD, although their clin-
ical history and available testing did not suggest that
was the case. In addition, previous studies have sug-
gested that two phenotypes of VCD may exist, one that
is exercise induced and one that is spontaneous.®®
Given the general lack of consensus and literature re-
garding the relationship of VCD and asthma, we chose
to focus instead on establishing a clear relationship
between the two disorders. Once this relationship is
more generally accepted it would be interesting to
examine specific phenotypes of VCD associated with
asthma. For similar reasons, we did not examine dif-
ferent patterns of upper airway obstruction that have
been described, including paradoxical vocal cord
movement with adduction on inspiration, paradoxical
movement with closure on expiration, and adduction
of vocal cords during both inspiration and expiration.

In summary, the results of this study suggest that
although those with coexistent VCD and asthma had
some increased medication use, there were no differ-
ences in key aspects of health care usage, including ED
visits, hospitalizations, or exacerbations treated with
steroids. Therefore, in subjects with true coexistent
VCD and asthma, VCD itself did not confer any in-
creased asthma risk. However, there were key symp-
toms and triggers that could help distinguish the dis-
orders, which may lead to a more accurate and timely
diagnosis. Interestingly, the subpopulation of VCD
subjects who had been misdiagnosed with asthma did,
in fact, show increased medication and health care use,
underscoring the need for adherence to strict criteria
when diagnosing either disorder. These findings sug-
gest that the main morbidity associated with VCD may
not lie in its inherent disease process, but instead in its
ability to mimic asthma, leading to misdiagnosis. Our
study represents the largest analysis to date of patients
with VCD and asthma. Additional prospective studies
are needed to confirm and extend these findings.
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