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Abstract

Purpose Chronic rhinosinusitis (CRS) disease burden is associated with pulmonary status in asthmatic CRS patients.
Asthma-related emergency department (ED) usage is a predictor of asthma-related mortality. We sought to determine
whether measures of CRS disease burden are associated with asthma-related ED usage.

Methods We prospectively recruited 263 asthmatic CRS patients for this cross-sectional study. CRS burden was measured
using the 22-item Sinonasal Outcome Test (SNOT-22), and patient-reported CRS-related antibiotic usage and CRS-related
oral corticosteroids usage over the preceding year. Asthma-related ED visits over the prior year were also assessed.
Results Of all participants, 18.6% had at least 1 asthma-related ED visit (mean 0.3 ED visits for the whole cohort). Asthma-
related ED usage was associated with SNOT-22 score [adjusted rate ratio (RR)=1.02, 95% CI 1.01-1.03, p=0.040] and
CRS-related oral corticosteroids usage in the past year (RR=1.52, 95% CI 1.26-1.83, p <0.001). From the SNOT-22 score,
asthma-related ED usage was only associated with the nasal subdomain score (RR=1.08, 95% CI 1.03-1.13, p=0.001).
These measures of CRS disease burden could be used with good sensitivity and specificity to detect patients with asthma-
related ED usage in the past year, the majority of whom were undertreated for their asthma.

Conclusions Measures of CRS disease burden are associated with and can be used to detect, patients having asthma-related
ED usage. These results further solidify the connection between CRS and asthma disease courses, and also present an oppor-
tunity to use CRS disease burden as a tool for identifying—and implementing greater treatment of—patients at highest risk
for asthma-related mortality.
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Chronic rhinosinusitis (CRS) is a common inflammatory
disease of the paranasal sinus mucosa that results in loss of
productivity and a significant quality of life detriment. CRS
affects up to 10% of the population and its clinical mani-
festations lead patients to seek care and treatments total-
ing billions of dollars in healthcare costs every year [1, 2].
CRS decreases both quality of life (QOL) and productivity
through the chronic symptomatology that patients experi-
ence [3—6]. The burden of CRS is not only derived from
chronic symptomatology but also other elements of the dis-
ease process [7]. Previous research has demonstrated that
patient-reported CRS-related antibiotics and systemic corti-
costeroids usage are distinct aspects of CRS disease burden
and independent drivers of decreased QOL and productivity
loss [7, 8]. CRS-related antibiotics and oral corticosteroids
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usage is reflective of poor CRS symptom control! and is
hypothesized to reflect acute exacerbations of CRS [5, 7].
Additionally, it has been shown that there is a strong
association between the severity of CRS and the degree of
asthma control experienced by asthmatic CRS patients [9,
10]. Both symptom burden and the usage of CRS-related
antibiotics and corticosteroids have been shown to be asso-
ciated with not only asthma control but also QOL and pro-
ductivity loss in asthmatic CRS patients [8, 10, 11]. In fact,
the direct impact of CRS to drive poor asthma control may
be a distinct mechanism for decreased QOL in asthmatic
CRS patients [12]. Asthma, like CRS, manifests not only
as baseline chronic symptomatology but also with acute
exacerbations of those symptoms, all of which may lead to
life-threatening complications. Poorly controlled asthma is
a risk factor for mortality [13]. In this vein, asthma-related
emergency department (ED) usage in the prior year has been
associated with asthma-related mortality [14] and has rec-
ognized by international consensus to be a measure of the
frequency of severe asthma exacerbations [15]. Given the
epidemiologic and pathophysiologic associations between
CRS and asthma, a natural question is whether CRS dis-
ease burden may be a driver of asthma exacerbations. In this
study, we take the first step in studying this question by seek-
ing to determine whether CRS disease burden, as measured
by symptom burden and sinus-related systemic medication
usage, would be associated with asthma-related ED usage.

Materials and methods
Study participants

This study was approved by our institution’s Human Studies
Committee. Adult patients (age 18 years or older) with CRS
were recruited prospectively and provided informed consent
for inclusion into this study. All participants met consen-
sus, guideline-established criteria for CRS [16]. Exclusion
criteria included comorbid diagnoses of (1) vasculitis, (2)
cystic fibrosis, (3) sarcoidosis, and (4) immunodeficiency.
To remove the confounding effect of recent endoscopic sinus
surgery, patients who had endoscopic sinus surgery within
the last 6 months were excluded.

Study design and data collection

This is a cross-sectional study. All data were collected at
enrollment. Demographic information including age and gen-
der was collected. Any patient who was an active smoker or
reported a history of being a tobacco smoker in the past was
considered a smoker [17, 18]. At enrollment, participants were
assessed by the evaluating physician for a history of asthma
diagnosed based on consensus guidelines as well as a history
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of aeroallergen hypersensitivity based on formal allergy test-
ing. Participants were interviewed to determine if they had
a history of a previous sinus surgery or a history of aspirin
sensitivity. The presence of nasal polyps was determined
based on nasal endoscopy. Intranasal corticosteroids (spray or
irrigation) use as well as the use of an inhaled corticosteroid
were also assessed. The numbers of CRS-related antibiotic
courses taken and CRS-related oral corticosteroids courses
taken in the last 12 months, as reported by the participant,
were also assessed [5, 19]. All participants completed the
validated 22-item Sinonasal Outcome Test (SNOT-22) [20].
The validated nasal, sleep, ear/facial discomfort and emotional
subdomains of the SNOT-22 were calculated as previously
described [21, 22]. Specifically, the SNOT-22 nasal subdomain
score was calculated by summing SNOT-22 items 1-6, 21 and
22. The SNOT-22 ear/facial discomfort subdomain score was
calculated by summing SNOT-22 items 7-10. The SNOT-22
sleep subdomain score was calculated by summing SNOT-22
items 11-18. The SNOT-22 emotional subdomain score was
calculated by summing SNOT-22 items 19 and 20 [21, 22].
All participants completed the Asthma Control Test (ACT)
[23] and reported the number asthma-related visits to an ED
in the past year.

Statistical analysis

All analysis was performed using the statistical software pack-
age R (www.r-project.org) [24]. Correlation was performed
with Spearman correlation. Associations between asthma-
related ED visits as dependent variable, and measures of
CRS disease burden (SNOT-22 score and number of patient-
reported CRS-related antibiotic or oral corticosteroids in
the past year), as independent variables, were determined
with univariate and multivariable negative binomial regres-
sion. Multivariable models controlled for age, gender, smoking
history, aeroallergen hypersensitivity, inhaled corticosteroid
use, polyps and history of previous sinus surgery. To identify
and characterize the sensitivity and specificity of using met-
rics of CRS disease burden for detecting participants with at
least one prior asthma-related ED visit in the prior year, we
analyzed receiver operating characteristic (ROC) curves with
the pROC package [25]. The area under the ROC curve (AUC)
was calculated with the trapezoid rule using the auc() function
and the 95% confidence interval of the AUC was calculated by
performing 2000 bootstraps of the data with the ci() function.
p value for the significance of the ROC curve was determined
by Wilcoxon’s rank-sum test.
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Results
Characteristics of study participants

A total of 263 asthmatic CRS patients were included in the
study. The characteristics of the study participants are sum-
marized in Table 1. The mean age of the study participants
was 50.2 years [standard deviation (SD): 16.5]. As previ-
ously described, [11, 26, 27] there was a predominance of
women (61.6%) in this group of asthmatic CRS patients.
The mean SNOT-22 score was 43.4 (SD: 22.6). Participants
reported a mean 2.0 (SD: 2.0) number of CRS-related antibi-
otics courses and mean 1.4 (SD: 1.8) number of CRS-related
oral corticosteroids in the past year. Of all participants,
66.5% reported at least one CRS-related antibiotics course
and 52.8% reported at least one CRS-related oral corticos-
teroids course in the past year.

Participants had a mean ACT score of 20.0 (SD: 4.9)
and they reported a mean 0.3 (SD: 0.7) visits to EDs for
asthma in the past year. Of all participants, 18.6% reported at
least one ED visit for asthma in the past year. Of the partici-
pants who reported at least 1 asthma-related ED visit in the
prior year, the mean ACT score was 16.6 (SD: 5.9), 69.4%
reported using a daily corticosteroid inhaler and 49.0%
reported use of a short-acting beta-agonist rescue inhaler
multiple times per day indicative of very poor asthma con-
trol [28].

CRS disease burden is associated
with asthma-related ED usage

We sought to determine if measures of CRS disease bur-
den, SNOT-22 score and CRS-related antibiotics usage,
and CRS-related corticosteroids usage was associated with
asthma-related ED usage (Table 2). On univariate analysis,
asthma-related ED visits in the past year was associated with
SNOT-22 score [rate ratio (RR)=1.02, 95% CI 1.01-1.04,

Table 2 Association between asthma-related ED visits

Univariate analysis Multivariable analysis®

RR" pvalue RR2 p value
(95% CI) (95% CI)
SNOT-22 1.02 (1.01-1.04)  0.001 1.02 (1.01-1.03) 0.040
score
CRS-related 1.19 (1.03-1.37)  0.016 0.85 (0.71-1.03)  0.107
antibiotics in
last year

CRS-related
oral corticos-
teroids in last
year

1.44 (1.26-1.65) <0.001 1.52 (1.26-1.83) <0.001

4Controlling for age, gender, smoking history, aeroallergen hypersen-
sitivity, inhaled corticosteroid use, polyps, history of previous sinus
surgery, CRS-related antibiotics usage in the past year, CRS-related
oral corticosteroids usage in the past year, and SNOT-22 score

®RR rate ratio

Table 1 Characteristics of study
participants

Study participants

(N=263)

Demographics

Age, mean in years, (SD) 50.2 (16.5)
Gender

Male 38.4%

Female 61.6%

Smoking 31.6%
Comorbidities

Aeroallergen hypersensitivity 64.6%

Aspirin sensitivity 15.6%
CRS characteristics

Previous sinus surgery 44.5%

Intranasal steroid use 57.8%

Nasal polyps 61.2%

SNOT-22 score, mean (SD) 43.4 (22.6)

CRS-related antibiotics in last year, mean (SD) 2.0 (2.0)

CRS-related oral corticosteroids in last year, mean (SD) 1.4 (1.8)
Asthma characteristics

Corticosteroid inhaler use 47.9%

ACT score, mean (SD) 20.0 (4.9)

Asthma-related ED visits in last year, mean (SD) 0.3 (0.7)
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p=0.001], CRS-related antibiotics usage (RR=1.19, 95%
CI: 1.03-1.37, p=0.016), and CRS-related oral corticoster-
oids usage (RR=1.44, 95% CI 1.26-1.65, p <0.001). On
multivariable analysis, asthma-related ED usage in the past
year was associated with the SNOT-22 score (RR=1.02,
95% CI 1.01-1.03, p=0.040) and CRS-related oral corticos-
teroids usage in the past year (RR=1.52,95% CI 1.26-1.83,
p<0.001). Asthma-related ED usage in the past year was
not associated with CRS-related antibiotics usage in the past
year (RR=0.85,95% CI10.71-1.03, p=0.107).

Because the SNOT-22 encompasses different types of
symptoms associated with CRS, we next sought to deter-
mine what symptoms of CRS most associated with asthma-
related ED visits. We, therefore, sought association between
asthma-related ED usage and the nasal, sleep, ear/facial dis-
comfort and emotional subdomains of the SNOT-22. While
accounting for all subdomains simultaneously in a multi-
variable regression model (Table 3), we found that asthma-
related ED usage was only associated with the nasal subdo-
main score (RR=1.08, 95% CI 1.03-1.13, p=0.001).

CRS disease burden may identify patients
with asthma-related ED utilization in the past year

We next sought to determine whether any metrics of CRS
severity could be used to detect asthmatic CRS patients
who have reported at least one asthma-related ED visit in
the prior year. We performed ROC analysis to detect the

Table 3 Association between asthma-related ED visits and SNOT-22
subdomains

Asthma-related ED visits

RR p value
(95% CI)
SNOT-22 subdomain score
Nasal 1.08 (1.03-1.13) 0.001
Sleep 1.02 (0.98-1.06) 0.351
Ear/facial discomfort 0.96 (0.89-1.03) 0.300
Emotional 0.96 (0.82-1.11) 0.560

RR rate ratio

accuracy of SNOT-22, as well as CRS-related antibiotics and
CRS-related oral corticosteroids in the past year for detect-
ing patients with at least one asthma-related ED visit in the
prior year. We found that all three measures of CRS disease
burden—SNOT-22 score as well as CRS-related antibiotics
and CRS-related oral corticosteroids taken in the last year—
were statistically significant predictors of asthma-related ED
usage in the past year (Table 4). SNOT-22 score (SNOT-
22 score > 30, sensitivity: 89.8%, specificity: 35.5%) and
CRS-related antibiotics usage in the past year (antibiotics
courses > 1, sensitivity: 85.7%, specificity: 37.9%) are sensi-
tive but not specific. As we found with the SNOT-22 score,
the nasal subdomain score of the SNOT-22 (nasal subdo-
main score > 18, sensitivity: 83.7%, specificity: 46.7%) was
sensitive but not specific for detecting patients with asthma-
related ED usage in the past year. However, having SNOT-22
score > 30 and having used at least 1 CRS-related antibiot-
ics course in the last year had 77.0% sensitivity and 59.9%
specificity for detecting asthmatic CRS patients who had had
at least 1 asthma-related ED visit in the past year. Having
a SNOT-22 nasal subdomain score > 18 and having used at
least 1 CRS-related antibiotics course in the last year had
71.7% sensitivity and 66.9% specificity for detecting asth-
matic CRS patients who had had at least 1 asthma-related
ED visit in the past year. In comparison, CRS-related oral
corticosteroids usage greater than 1 course in the past year
had 65.3% sensitivity and 74.3% specificity for detecting
patients who had asthma-related ED usage in the past year.

Discussion

There is a strong association between CRS disease burden
and pulmonary status in asthmatic CRS patients. Poorly con-
trolled asthma is a risk factor for mortality [13] and acute
exacerbations of CRS may be important drivers of asthma
exacerbations [15]. In this study, we sought to determine
whether CRS disease burden is associated with asthma-
related ED usage. We found that asthma-related ED visit in
the past year was associated with and could be predicted by
SNOT-22 score, CRS- related antibiotic usage, and CRS-
related oral corticosteroid usage. We also found that the

Table 4 Accuracy of CRS disease burden to detect patients with asthma-related ED visit(s) in the last year

Optimal cut-  Sensitivity (%) Specificity (%) AUC p value
off value® (95% CI)
CRS-related antibiotic courses in the last year >0 85.7 379 0.65 (0.56-0.73) 0.001
CRS-related oral corticosteroid courses in the last year >1 65.3 74.3 0.74 (0.66-0.82) <0.001
SNOT-22 score >30 89.8 35.5 0.66 (0.58-0.74) 0.001
SNOT-22 nasal subdomain score >18 83.7 46.7 0.70 (0.62-0.77) <0.001

*Maximizes the sum of sensitivity and specificity
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nasal subdomain of the SNOT-22 was the only subdomain
associated with asthma-related ED usage.

There is abundant evidence for a pathophysiologic con-
nection and relationship between CRS and asthma. For
example, there are cellular and molecular mediators of
inflammation that are common to both CRS and asthma [29]
and there are common histopathologic changes that occur in
the sinuses of CRS patients compared to the lungs of asth-
matics [30]. In fact, histopathologic changes in sinus mucosa
during CRS, such as basement membrane thickening, may
be accentuated in asthmatic CRS patients compared to non-
asthmatic CRS patients [30]. Severe asthmatics with CRS
have been found to have higher levels of eosinophils both in
their serum and sputum compared to severe asthmatics with-
out CRS [31]. The pathophysiologic relationship between
CRS and asthma extends to therapeutic potential as well—
specifically, treatment of CRS in asthmatic CRS patients is
associated with improved asthma outcomes as well [32-38].

Our results showing that CRS disease burden is associ-
ated with asthma-related ED usage is in line with previous
studies finding associations between clinical measures of
CRS burden and clinical asthma outcomes. For example,
in asthmatics with CRS, the radiographic burden of sinus
disease is positively correlated with the severity of asthma
[39, 40]. CRS disease burden, measured using symptom
burden or the burden of CRS-related systemic medication
(antibiotics and corticosteroids) has also been shown to be
positively associated with poor asthma control and lost pro-
ductivity in asthmatic CRS patients [8—12, 41] Our present
study goes further in characterizing the association between
CRS disease burden and asthma control by examining a
highly significant consequence of poor asthma control—
asthma-related ED usage—which is reflective of not only
severe asthma exacerbations and healthcare utilization but
also asthma-related mortality. That we found CRS symptom
burden (SNOT-22 score) and CRS-related oral corticosteroid
usage to be associated with asthma-related ED usage is intui-
tive and follows from past associations between CRS disease
burden and clinical outcomes of asthma. In comparison. We
did not find an association between asthma-related ED usage
and CRS- related antibiotic usage. This may be because phy-
sicians may have a lower threshold for prescribing antibi-
otics than corticosteroids, and thus antibiotic prescriptions
may be written for less severe disease. Alternatively, the
relationship between CRS and asthma exacerbations is due
to exacerbations of the underlying pathophysiology of CRS
(i.e., an inflammatory process) rather than an infectious
process.

To our knowledge, no prior study of asthmatic CRS
patients has assessed the relationship between CRS disease
burden and asthma-related ED usage. As the first study of
this topic, we sought to determine whether CRS disease bur-
den would be associated with asthma-related ED usage. We

found that 18.6% of asthmatic CRS patients reported that
they had at least one ED visit for asthma in the past year. We
also found this ED usage was associated with CRS disease
burden measures, specifically SNOT-22 score (nasal subdo-
main) and CRS-related oral corticosteroids. Therefore, these
measures of CRS disease burden may be used to predict and
identify/screen for asthmatic CRS patients who have had
asthma-related ED visits.

Screening asthmatic CRS patients who have required
asthma-related ED usage provides an opportunity to improve
quality of life, reduce asthma-related health care costs and
potentially reduce the risk of asthma-related mortality by
making sure asthma in these patients asthma is appropri-
ately managed. Asthma-related ED usage is one asthma
outcome measure that is reflective of patient access to care,
disease severity, and socioeconomic factors [42]. A number
of asthma-related ED visits are for potentially preventative
asthma crises [43]. If these patients had improved access to
comprehensive asthma care in primary care seating, they
may not have needed to seek out acute care. A greater under-
standing of CRS and its impact on asthma-related ED usage
will improve patent well-being and safety as well as save
healthcare costs.

Our results should be interpreted in the context of the
limitations of our study. First, a cross-sectional study does
not show causation. Second, this data was collected from
patients in a single center. Third, while ED usage is mostly
driven by disease severity, when patients are forced to seek
treatment due to deterioratation of their condition, their
social determinants of health and healthcare access may also
play a role in ED utilization [44—46].

Conclusion

The burden of CRS is associated with asthma-related mor-
bidity. This extends to asthma-related ED usage, which
we find to be associated with and predicted by SNOT-22
score, CRS- related antibiotic usage, and CRS- related oral
corticosteroid usage. Amongst CRS symptom, the burden
of nasal symptoms is dominantly associated with asthma-
related ED usage.
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