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Abstract

Background: Chronic rhinosinusitis (CRS) is associated with bronchiectasis; however, this
relationship has not been well studied in the United States (US) population. In this work we aimed
to determine the prevalence of CRS among patients with bronchiectasis affiliated with a US
tertiary medical center and identify which comorbid diseases are associated with the presence of
CRS in patients with bronchiectasis.

Methods: This was a retrospective cohort study in which data were obtained from a large
database warehouse at a tertiary care center. Patients with bronchiectasis were identified from
2007 to 2017 using diagnosis codes from the the ninth and tenth revisions of the /nternational
Classification of Diseases (ICD-9/10) and confirmed by radiographic evidence of bronchiectasis
on chest computed tomography (CT) scans. Patients were divided into cohorts based on presence
or absence of concomitant CRS. Characteristics analyzed included demographics, comorbidities,
peripheral eosinophil counts, and pulmonary function testing.

Results: CRS was present in 45% (408 of 900) of patients with bronchiectasis. Females
represented a majority of bronchiectasis patients, both with and without CRS (69% and 64%,
respectively, p=0.09). After controlling for demographic factors, asthma (p <0.01), allergic
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rhinitis (p <0.01), gastroesophageal reflux disease (p <0.01), and antibody deficiency (p <0.01)
were associated with the presence of CRS in patients with bronchiectasis.

Conclusion: CRS had a high prevalence and was associated with numerous comorbid conditions
in patients with bronchiectasis. These findings have clinical implications for the treatment of
patients with bronchiectasis and future research.
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Bronchiectasis is a common lower respiratory tract disease characterized by the permanent
dilation of proximal, medium-sized bronchi. Bronchiectasis is classically divided into cystic
fibrosis (CF)-associated and non—CF-associated bronchiectasis, where the former affects a
small, relatively homogeneous population of patients and the latter affects a heterogeneous
population with diverse etiologies.! Although the pathophysiology for most etiologies
remains incompletely understood, the commonly accepted “vicious cycle” hypothesis states
that there is a reinforcing cycle of inflammation producing airway damage, impaired
mucociliary clearance, and frequent respiratory infections, which then cause further
inflammation.2 Bronchiectasis remains an unresolved worldwide cause of impaired quality
of life, increased mortality, and significant economic burden.3-°

Chronic rhinosinusitis (CRS) is an upper airway disease characterized by chronic
inflammation of the nasal mucosa and paranasal sinuses that affects an estimated 3% to
6.4% of the United States (US) population.® Recent literature has proposed the “united
airways” hypothesis, which states that diseases of the upper and lower respiratory tract may
be secondary to a similar pathogenic mechanism.”8 Some studies have suggested that
bronchiectasis patients with CRS have worse health-related quality of life, greater degree of
bronchiectasis severity, elevated levels of inflammatory markers, and reduced time to first
exacerbation of bronchiectasis than bronchiectasis patients without CRS.3:2:10 Nonetheless,
the exact link between these 2 diseases remains speculative.10

Research into the relationship between CRS and bronchiectasis has predominantly stemmed
from countries outside of the US.%-12 However, some evidence suggests that the etiology of
bronchiectasis within the diverse US population may differ from that of other nations.#
Therefore, investigating the prevalence of CRS in patients with bronchiectasis and the nature
of comorbidities associated with CRS and bronchiectasis specifically in the US population
may offer better insight into the pathogenesis of bronchiectasis and potentially inform
treatment strategies.13 We hypothesize that CRS is highly prevalent and associated with
numerous comorbidities in patients with bronchiectasis. The primary objective of our study
was to determine the prevalence of CRS and comorbidities associated with CRS in patients
with non-CF bronchiectasis at a tertiary medical center in the US.
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Materials and methods

Identification of subjects

This was a retrospective cohort study in which data were obtained from the Northwestern
Medicine Enterprise Data Warehouse (EDW), an electronic repository of medical records of
patients seen at Northwestern Medicine. Patients were included in our study if they had
bronchiectasis as defined by the ninth or tenth edition of the /nternational Classification of
Diseases (ICD-9/10) diagnosis codes of bronchiectasis (494.0, 494.1, J47.9, J47.1, J47.0)
and radiographic evidence of bronchiectasis on chest computed tomography (CT) scan.
Patients were excluded if they had an ICD-9/10 diagnosis code for cystic fibrosis or primary
ciliary dyskinesia (PCD). All data extracted were for patients seen between January 1, 2007
and December 31, 2017. Data were obtained for demographic information, which included
age at which bronchiectasis was first documented in the electronic medical record, sex, race,
body mass index (BMI), and smoking status. There were no age exclusions; however, as this
institution is an adult care facility, all patients were >18 years of age.

This research was approved by the institutional review board of the Northwestern University
Feinberg School of Medicine.

Identification of CRS

Patients were considered positive for CRS if they fulfilled at least 1 of the following criteria:
Current Procedural Terminology (CPT) codes for previous sinus surgery; an ICD-9/10
diagnosis code for rhinosinusitis (473.xx, 461.xx, 477.9, 461.9, J32.9, J01.90, B96.89, J30.9,
J01.90) and a documented visit to the institution’s allergy or otolaryngology (ENT) clinics
that then confirmed the diagnosis of CRS; and/or radiographic evidence of sinus disease on a
sinus CT scan.

Identification of asthma, allergic rhinitis, gastroesophageal reflux disease, chronic
obstructive pulmonary disease, and peripheral eosinophil counts

The presence of asthma, allergic rhinitis, gastroesophageal reflux disease (GERD), and
chronic obstructive pulmonary disease (COPD) was assessed via ICD-9/10 diagnosis codes.
Peripheral eosinophil counts were examined in all patients who had undergone complete
blood cell counts with differentials during the study period. For patients with multiple
documented peripheral eosinophil counts, the value obtained closest to the date of first
diagnostic chest CT for bronchiectasis was used for analysis.

Identification of autoimmune disease and antibody deficiency

The presence of autoimmune disease was considered positive if any of the following
conditions were identified via ICD-9/10 diagnosis codes: rheumatoid arthritis; systemic
lupus erythematosus; systemic sclerosis; or sarcoidosis. Quantitative immunoglobulins (total
IgG, IgM, and IgA) and Streptococcus pneumoniae antibody titers were also analyzed.
Patients were considered positive for antibody deficiency if they fulfilled at least 1 of the
following criteria: hypogammaglobulinemia, defined as 1gG < 600 mg/dL, IgM < 35 mg/dL,
or IgA < 28 mg/dL; >50% of Streptococcus pneumoniae antibody titers of <1.3 pg/mL at
least 4 to 6 weeks after 23-valent pneumococcal polysaccharide vaccination; and/or
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ICD-9/10 diagnosis codes for common variable immunodeficiency, antibody deficiency, or
IgA deficiency.

Identification of pulmonary function data

Pulmonary function data, including forced expiratory volume in 1 second (FEV,), forced
vital capacity (FVC), and FEV; percent predicted, were collected for all patients who had
undergone pulmonary function testing (PFT) or spirometry at this institution’s allergy or
pulmonary clinics during the study period. For patients with multiple documented PFTs, the
values gathered closest to the date of the first diagnostic chest CT for bronchiectasis were
used for analysis.

Study endpoints

We examined associations in bronchiectasis patients with CRS compared with
bronchiectasis patients without CRS and the following factors: asthma, allergic rhinitis,
GERD, COPD, peripheral eosinophil counts, autoimmune disease, antibody deficiency, age,
sex, race, ethnicity, BMI, smoking status, and pulmonary function based on FEV{ percent
predicted. Of these factors, asthma, allergic rhinitis, GERD, COPD, autoimmune disease,
and antibody deficiency were variables of particular interest as many of these are associated
with bronchiectasis'#-17; therefore, logistic regression analysis was performed to control for
age, race, and sex as potential confounders. Associations of CRS with FEVq percent
predicted and peripheral eosinophil counts were also of interest; therefore, linear regression
analysis was performed to control for age, sex, race, asthma, and COPD.

Statistical analysis

Results

We calculated descriptive statistics for all variables of interest. Categorical variables were
summarized by frequency and percent, and continuous variables were summarized by mean
and standard deviation or median and interquar-tile rank, as appropriate. The £test or
Wilcoxon (Mann-Whitney U) rank sum test was used to determine statistical significance for
continuous variables, whereas a chi-square test or Fisher’s exact test was used to determined
statistical significance for categorical variables. Linear regression or logistic regression was
used to calculate coefficients or odds ratios as appropriate and corresponding 95%
confidence intervals when controlling for possible confounders such as age, sex, race, etc.
Missing data were excluded from the analysis. p <0.05 was considered statistically
significant. All statistical analyses were performed using SAS version 9.4 (SAS Institute,
Inc, Cary, NC) or R version 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria).

Patients’ demographics

Using our algorithm, we identified 900 patients with bronchiectasis that were seen within
our tertiary care center between 2007 and 2017. Of these, 408 (45%) had concomitant CRS,
as defined by the inclusion criteria (Fig. 1). Sex, race, smoking status, and BMI did not
significantly differ between bronchiectasis patients with and without CRS (Table 1),
although bronchiectasis patients with CRS were younger than bronchiectasis patients
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without CRS (p = 0.03). The majority of bronchiectasis patients were female regardless of
CRS status (o= 0.09).

Association between comorbid disease and CRS in bronchiectasis

We next determined the prevalence of various comorbidities observed in patients with
bronchiectasis and CRS and compared these findings with those observed in patients with
bronchiectasis alone (Table 2). Asthma (o <0.01), allergic rhinitis (o <0.01), GERD (p <
0.01), and antibody deficiency (p = 0.01) were each independently associated with the
presence of CRS in patients with bronchiectasis after controlling for age, sex, and race
(Table 3). There was a trend toward a significant association between COPD and CRS in
patients with bronchiectasis after controlling for age, sex, and race (p= 0.05).

Peripheral eosinophil counts in patients with bronchiectasis

Peripheral eosinophil counts were available for 68 bronchiectasis patients with CRS and 85
bronchiectasis patients without CRS (Fig. 2). Peripheral eosinophil counts were significantly
higher in patients with bronchiectasis and CRS (251.5 + 252.4) than patients with
bronchiectasis alone (165.9 + 202.1) after controlling for age, sex, race, asthma, and COPD
(p=0.01).

Pulmonary function in patients with bronchiectasis

FEV percent predicted was available for 164 bronchiectasis patients with CRS and 155
bronchiectasis patients without CRS (Fig. 3). FEV percent predicted did not show a
significant difference between patients with bronchiectasis and CRS (74.6 + 22.3) and
patients with bronchiectasis alone (71.1 + 24.1) after controlling for age, sex, race, asthma,
and COPD (p=0.09).

Discussion

This large retrospective study found that almost half of the patients with non-CF
bronchiectasis had comorbid CRS. We found that allergic rhinitis, antibody deficiency,
asthma, and GERD were significantly associated with the presence of CRS in patients with
bronchiectasis. To our knowledge, this is the largest study to describe such an association
between various comorbid diseases and CRS in patients with bronchiectasis within the US
population. Future areas of research should include a replication study, preferably in a
multicenter setting.

Our finding that CRS was present in 45% of patients with bronchiectasis is notably lower
than other studies that have evaluated the prevalence of CRS in patients with bronchiectasis
worldwide. A recent systematic review by Handley et al estimated the pooled prevalence of
CRS in patients with bronchiectasis to be 62%.12 However, that review only highlighted
studies from outside the US. One possible explanation for the lower prevalence of CRS
specifically in US patients with bronchiectasis would be differences in environmental
exposures. This lower prevalence may also be attributable to regional differences in the
primary etiology of bronchiectasis,'8 although this was not an endpoint of our study.
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Asthma, allergic rhinitis, GERD, and antibody deficiency were significantly associated with
the presence of CRS in patients with bronchiectasis. This finding is clinically relevant as
past evidence suggests that CRS and other comorbidities contribute to increased
exacerbation frequency and decreased quality of life in patients with bronchiectasis.”19 It
has been suggested that COPD and asthma are independently associated with a higher
mortality risk in patients with bronchiectasis.1® Further research is warranted as to whether
CRS, one of the most frequent concomitant conditions in bronchiectasis,® may also be
associated with an increased morbidity and possibly mortality.

Bronchiectasis is traditionally considered to be a neutrophil-mediated disease.2921 However,
we found significantly higher peripheral eosinophil counts in patients with bronchiectasis
and CRS than in patients with bronchiectasis alone. It remains unclear whether the elevated
peripheral eosinophil counts are simply a manifestation of CRS, a traditionally eosinophilic
disorder, or if bronchiectasis patients with CRS have a different pathogenic mechanism that
leads to a distinct eosinophil-driven endotype.22 If this endotype is confirmed, the use of
biologic agents targeting type Il inflammation in patients with bronchiectasis and CRS
should be studied.23

A strength of our study is that we used a rigorous algorithm for defining bronchiectasis—by
requiring both an ICD-9/10 diagnosis code and radiographic evidence of bronchiectasis, we
can be certain that all patients included had radiographically significant bronchiectasis.
Moreover, our institution is associated with a large multidisciplinary sinus center; therefore,
our study has one of the best-characterized CRS groups as compared with other studies that
investigated the prevalence of CRS in patients with bronchiectasis.

Limitations of our study include the retrospective design, which restricted our ability to draw
causal inferences from the data. Furthermore, not all patients with ICD-9/10 diagnosis codes
for CRS had available sinus imaging as this may have been performed at an outside
institution. Therefore, documented evidence of CRS on sinus imaging was not required for
inclusion in the bronchiectasis/CRS cohort. Similarly, not all patients had available data for
pulmonary function testing or peripheral eosinophil counts thus limiting our analysis of
these domains. Lastly, our analysis is from a large single tertiary academic medical care
center with a multidisciplinary sinus center in an urban setting. Generalizability of our study
findings beyond this patient population is thus limited.

In summary, we found that US patients with bronchiectasis had a high prevalence of CRS
and that asthma, allergic rhinitis, GERD, and antibody deficiency were associated with CRS
in patients with bronchiectasis.

Conclusion

Patients with bronchiectasis should be evaluated for CRS, especially if they have comorbid
asthma, allergic rhinitis, GERD, or antibody deficiency. Patients with bronchiectasis and
CRS should be promptly diagnosed and treated by a multidisciplinary team of allergists,
otolaryngologists, and pulmonologists to minimize the likely increased burden associated
with their concomitant disease.
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EDW Clinical Database (2007-2017) l
l Non-CF, Non-PCD Bronchiectasis (ICD)
Exgusged -
l (+) Bronchiectasis Chest CT
(+) CRS / \(-) CRS

IN=408| [N=492]

/N

IN=286|N=102|[N=111]

(+)ICD  (+) Sinus (+) Sinus

andseen gyrgery  CT
in clinic

FIGURE 1.
Algorithm for determining patient cohorts. CRS = chronic rhinosinusitus; CT = computed

tomography; EDW = Enterprise Data Warehouse; ICD = /nternational Classification of
Diseases, PCD = primary ciliary dyskinesia.
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Peripheral eosinophil counts are elevated in patients with bronchiectasis and CRS. CRS =

chronic rhinosinusitus.
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FIGURE 3.

No difference in FEV  percent predicted in bronchiectasis patients with and without CRS.
CRS = chronic rhinosinusitus; FEV forced expiratory volume in 1 second.
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TABLE 3.

Adjusted ORs for comorbidities associated with the presence of CRS in patients with bronchiectasis

OR (95% CI) p value N

Asthma

Unadjusted 1.58(1.19-2.11) | <0.01 | 900

Adjusted for age, sex, race | 1.56 (1.17-2.10) <0.01 900

GERD

Unadjusted 151(1.15-1.97) | <0.01 | 900

Adjusted for age, sex, race | 1.56 (1.19-2.05) | <0.01 | 900

Allergic rhinitis

Unadjusted 2.05(1.45-2.91) | <0.01 | 900

Adjusted for age, sex, race | 1.99 (1.41-2.83) <0.01 900

Antibody deficiency

Unadjusted 2.04(1.32-3.17) | <0.01 | 900

Adjusted for age, sex, race | 1.83 (1.18-2.88) 0.01 900

COPD

Unadijusted 1.34(0.99-1.83) | 0.06 | 900

Adjusted for age, sex, race | 1.37 (1.01, 1.88) 0.05 900

Autoimmune disease

Unadjusted 0.92(0.63-1.33) | 065 | 900

Adjusted for age, sex, race | 0.90 (0.61-1.33) 0.60 900

ClI = confidence interval; CRS = chronic rhinosinusitus; COPD = chronic obstructive pulmonary disease; GERD = gastroesophageal reflux disease;
OR = odds ratio.
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