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A B S T R A C T

Objectives: Chronic rhinosinusitis (CRS) in children has been associated with a variety of disorders

including atopic disease, cystic fibrosis, immunologic disorders and ciliary dyskinesia. Although a strong

association, or even cause and effect relationship, between allergic rhinitis (AR) and CRS is commonly

assumed, the epidemiologic relationship between these disorders has not yet been defined in children.

Methods: A retrospective review of all children diagnosed with CRS on otolaryngology or allergy office

evaluation at a large tertiary-care pediatric hospital over a ten-year period was performed. Demographic

data and concomitant diagnoses of AR, cystic fibrosis, immunologic disorders and primary ciliary

dyskinesia were analyzed for relationships with CRS.

Results: A total of 4044 children with an average age of 8.9 years and a slight male predominance (53.8%)

with CRS were identified. Of these children, 0.2% had primary ciliary dyskinesia, 4.1% had cystic fibrosis,

12.3% had an immunologic disorder, and 26.9% had AR. A concomitant asthma diagnosis was positively

associated with a diagnosis of AR (OR = 6.24, 95% CI: 5.27–7.39, P < 0.001), whereas a concomitant cystic

fibrosis diagnosis was negatively associated (OR = 0.12, 95% CI: 0.06–0.26, P < 0.001).

Conclusions: AR is more prevalent than the other comorbidities combined in children with CRS, and is

independently associated with the presence of asthma. Formal allergy testing, guided by clinical history

and regional allergen sensitivity prevalence, should be strongly considered in all children with CRS, in

particular those with reactive airway disease.
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1. Introduction

Chronic rhinosinusitis (CRS) can be the ultimate manifestation
of various disease processes [1,2] that cause sinonasal inflamma-
tion [3]. Whereas acute rhinosinusitis is common in the pediatric
population, occurring as the sequela of six to eight percent of viral
upper respiratory tract infections [4,5], chronic rhinosinusitis is
comparatively rare. CRS in the pediatric population is defined as
90 days or more of persistent purulent rhinorrhea and nasal
congestion [6]. The management of CRS in children consists
primarily of medical treatment to eradicate bacterial infection and
reduce underlying sinonasal inflammation [7]. Surgical interven-
tions, such as adenoidectomy and endoscopic sinus surgery, are
reserved for patients who fail medical management. Such
§ This study was presented at the Annual Meeting of the American Society of
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interventions are designed to both eradicate potential bacterial
reservoirs and enhance sinonasal aeration and drainage [7–9].

Regardless of treatment modality, the management of CRS
requires an understanding of the underlying causes of sinonasal
inflammation on a patient-by-patient basis. Because of the
heterogeneous nature of CRS, clinical evaluation is required to
uncover comorbidities that must be addressed, in addition to the
specific interventions necessary to eradicate the sinus disease.
Cystic fibrosis, immunodeficiency and primary ciliary dyskinesia
are distinct conditions which contribute to the development and
persistence of CRS symptoms in both children and adults [10,11].
The contribution of allergic rhinitis to the pathogenesis of CRS in
children is more difficult to ascertain because, similar to CRS,
allergic rhinitis is also characterized by sinonasal inflammation
[12–15]. Although allergic rhinitis is commonly assumed to be
associated with or a have a cause and effect relationship with CRS,
the prevalence of allergic rhinitis in pediatric CRS has not to date
been well characterized. In this study, a large cohort of pediatric
patients with CRS is evaluated for the prevalence of allergic
rhinitis. Moreover, the prevalence of allergic rhinitis is character-
ized in subpopulations of pediatric CRS who have concurrent cystic

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijporl.2013.12.006&domain=pdf
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fibrosis, immunodeficiency or primary ciliary dyskinesia. Charac-
terizing the relative prevalence of allergic rhinitis in comparison to
other comorbid conditions associated with the pathogenesis of CRS
will hopefully provide a greater understanding of the potential role
of AR and inform subsequent treatment strategies [11,16].

2. Materials and methods

2.1. Patient selection

Approval for this study was obtained from the Boston Children’s
Hospital Institutional Review Board. A consecutive series of
patients (N = 4044) aged less than or equal to 18 years evaluated
in the otolaryngology or allergy and immunology clinic with the
diagnosis of chronic rhinosinusitis between August 2002 and
August 2012 was identified based on associated ICD-9 code (473.*).
ICD-9 codes were also utilized to screen for concomitant diagnoses
of allergic rhinitis (477.*), asthma (493.*), immunity disorders
(279.*), cystic fibrosis (277.*) and primary ciliary dyskinesia
(759.*). Demographic data consisting of age at the time of
presentation as well as gender were recorded.

2.2. Statistical analysis

All analysis and descriptive statistics were performed with the
statistical software R (www.r-project.org). Statistical signifi-
cance between the prevalence of binary characteristics between
different cohorts of patients was performed using Fisher’s exact
test, while differences between continuous variables were
performed using a Student’s t-test. Associations between the
presence of allergic rhinitis in the cohort of children with CRS and
predictor variables (age, gender, and presence of comorbid
conditions including asthma, cystic fibrosis, disorders of the
immune system and primary ciliary dyskinesia) were deter-
mined by logistic regression using the lrm() function from the
Regression Modeling Strategies (rms) package [17]. Univariate
logistic regression was performed for each predictor variable.
Multivariate logistical analysis was performed using all predictor
variables. In the multivariate model, significant predictors were
identified via backwards elimination, using a P-value cut-off of
0.100. Cross validation was performed through bootstrapping
of the dataset using the validate() function from the rms
package over 100 iterations. For each variable retained in the
Table 1
Clinical and demographic characteristics of children with CRS.

Number Age

(%) Yea

All CRS patients 4044 (100%)a 8.9

With AR 1086 (26.9%) 8.9

Without AR 2958 (73.1%) 8.9

CRS patients with

Cystic Fibrosis (CF) 165 (4.1%)a 10.9

With AR 6 (3.6%) 8.2

Without AR 159 (96.4%) 11.0

Immunodeficiency (ID) 496 (12.3%)a 7.7

With AR 184 (37.1%) 8.4

Without AR 312 (62.9%) 7.2

Primary Ciliary Dyskinesia (PCD) 10 (0.2%)a 9.6

With AR 1 (10%) 13.7

Without AR 9 (90%) 9.2

Uncomplicated CRS 3376 (83.5%)a 8.9

With AR 896 (26.5%) 9.0

Without AR 2480 (73.5%) 8.9

a Relative to the total number of children with CRS (4044).
final model, a P-value and a log-odds ratio were calculated. P

values less than 0.05 were considered significant in the analysis
of associations.

3. Results

Over the ten year span from which patients were screened,
4044 children with the diagnosis of chronic rhinosinusitis (CRS)
were identified. The clinical and demographic characteristics of
these children are outlined in Table 1. The average age of these
children was 8.9 years (SD: 4.9 years, range: 0.3–18.9 years) with a
53.8% male and 46.2% female gender breakdown.

3.1. Prevalence of related comorbidities in children with chronic

rhinosinusitis

Of the 4044 children diagnosed with CRS, 165 (4.1%) also carried a
diagnosis of CF, 496 (12.3%) a diagnosis consistent with an immune
system disorder, and 10 (0.2%) a diagnosis of primary ciliary
dyskinesia (PCD). Three children with CRS were found to have a
diagnosis of cystic fibrosis (CF) and an immune system disorder. For
the purposes of subsequent analyses, these children were consid-
ered to be in both the CF and the immune system disorders cohorts.

Children with CRS who also had CF tended to be slightly older
with an average age of 10.9 years (SD: 4.7 years) in comparison to
those CRS children with PCD (average age 9.6 years [SD: 5.7 years])
or immunologic disorders (average age of 7.7 years [SD: 4.7 years]).
The difference in age between the children with CF and
immunologic disorders was found to be statistically significant
(P < 0.001 by ANOVA and P < 0.001 by t-test). There were no
statistically significant differences in the gender composition of
children with these three comorbid conditions.

3.2. Prevalence of allergic rhinitis in children with chronic

rhinosinusitis

The prevalence of allergic rhinitis was characterized in various
populations of children with CRS (Table 1). Of all children with CRS,
1086 children (26.9%) were diagnosed with allergic rhinitis (AR).
The average age of these children with both CRS and AR was 8.9
years (range: 0.7–18.9 years). The gender composition of these
children with CRS and AR was similar to those children with CRS
who did not have AR, likewise demonstrating a slight male
 Gender Asthma

rs Male (%) Female (%) (%)

 53.8 46.2 18.1

 56.5 43.5 40.7

 52.8 47.2 9.8

 49.7 50.3 4.8

 33.3 66.7 16.7

 50.3 49.7 4.4

 54.6 44.4 31.7

 52.2 47.8 41.8

 56.1 43.9 25.6

 60.0 40.0 10.0

 0.0 100.0 0.0

 66.7 33.3 11.1

 53.9 46.1 16.7

 57.6 42.4 40.6

 52.5 47.5 8.1

http://www.r-project.org/
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Fig. 1. Prevalence of asthma in all children with CRS as well as in children with CRS

and CF, immune disorders, PCD or no associated comorbidities (uncomplicated

CRS). For each group, the prevalence of asthma with respect to allergic rhinitis

status is also depicted.
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predominance. Children without CF, immunologic disorders or
PCD—termed ‘‘uncomplicated’’ CRS—comprised 83.5% (3376
patients) of all children with CRS. The prevalence of AR in this
‘‘uncomplicated’’ CRS group was 26.5%. There was no difference in
average age or gender composition in those ‘‘uncomplicated’’ CRS
children with AR compared to those without AR (P = 0.815,
P = 0.160, respectively).

3.3. Prevalence of allergic rhinitis in children with chronic

rhinosinusitis and comorbid conditions

Children with CRS were divided into subsets according to a
concomitant diagnosis of CF, diseases of the immune system, and
PCD (Table 1). Of the 165 children with CRS and CF, only 6 (3.6%)
children were also diagnosed with AR. The average age of these
six children with CF, AR and CRS was 8.2 years, while children
with CF and CRS alone tended to be older with mean age of 11.0
years; this difference, however, was not statistically significant
(P = 0.226). Of the 496 children with CRS and immunologic
disorders, 184 (37.1%) were also diagnosed with AR, with an
average age of 8.4 years. In comparison, those children with CRS
and an immunologic disorder but not AR tended to be younger
with an average age of 7.2 years (P = 0.008). Only one (10%) of the
10 children with PCD and CRS was diagnosed with AR. This
patient was 13.7 years of age.

3.4. Prevalence of asthma in children with allergic rhinitis

and chronic rhinosinusitis

The prevalence of asthma in children with CRS was evaluated
(Fig. 1 and Table 1). Of all children with CRS, 18.1% also carried a
diagnosis of asthma. There was a considerably higher prevalence of
asthma in the population of CRS children with AR (40.7%)
compared to those children without AR (9.8%); this was
statistically significant (OR = 4.16, 95% CI: 3.53–4.92, P < 0.001).
In children with CRS and a concomitant immunologic disorder,
31.7% of children also carried a diagnosis of asthma. A higher
prevalence of asthma was similarly seen in those children with AR
and an immunologic disorder (41.8%) compared to those without
AR (25.6%) (OR = 1.63, 95% CI: 1.12–2.38, P = 0.009). In children
with CRS and CF, the overall prevalence of asthma was low (4.8%).
Although a higher prevalence of asthma (16.7%) was observed in
the children with AR, CRS and CF compared to those without AR
(4.4%), this was not statistically significant (OR = 3.74, 95% CI:
0.08–38.6, P = 0.286). Only one patient with CRS and PCD had
asthma, corresponding to a prevalence of 10% in this group. This
Table 2
Clinical and demographic characteristics associated with AR in children with CRS.

Univariate odds ratio Univariate

Age (yrs) 0.99 (0.99–1.00) 0.011 

Gender (male) 1.16 (1.01–1.33) 0.033 

Cystic fibrosis 0.09 (0.05–0.20) <0.001 

Immunodeficiency 1.60 (1.33–1.94) <0.001 

Primary ciliary dyskinesia 0.51 (0.11–2.30) 0.380 

Asthma 6.47 (5.47–7.65) <0.001 

Table 3
Clinical and demographic characteristics associated with AR in children with uncompl

Univariate odds ratio Univariate P-va

Age (yrs) 0.99 (0.99–1.00) 0.428 

Gender (male) 1.21 (1.04–1.41) 0.012 

Asthma 8.09 (6.66–9.83) <0.001 

a Without cystic fibrosis, immunodeficiency and primary ciliary dyskinesia.
prevalence was somewhat lower than the prevalence of asthma in
the overall pediatric CRS cohort.

3.5. Clinical and demographic factors associated with allergic rhinitis

in children with chronic rhinosinusitis

Clinical and demographic characteristics associated with a
diagnosis of AR in children with CRS were determined. In the entire
cohort of children with CRS, multiple characteristics were
associated with the presence of AR (Table 2). On univariate
analysis, younger age was very slightly associated with AR
(OR = 0.99, 95% CI: 0.99–1.00, P = 0.011), while a male gender
was positively associated with AR (OR = 1.16, 95% CI: 1.01–1.33,
P = 0.033). A diagnosis of CF was quite negatively associated with
AR (OR = 0.09, 95% CI: 0.05–0.20, P < 0.001), while a positive
association was detected for either a diagnosis of asthma
(OR = 6.47, 95% CI: 5.47–7.65, P < 0.001) or an immunologic
disorder (OR = 1.60, 95% CI: 1.33–1.94, P < 0.001). When consid-
ering only children with uncomplicated CRS (Table 3), a positive
association was detected between male gender (OR = 1.21, 95% CI:
1.04–1.41, P = 0.012) and a diagnosis of asthma (OR = 8.09, 95% CI:
6.66–9.83, P < 0.001) with AR on univariate analysis.

On multivariate analysis, a diagnosis of CF remained negatively
associated with AR (OR = 0.12, 95% CI: 0.06–0.26, P < 0.001), and
asthma remained positively associated with AR (OR = 6.24, 95% CI:
5.27–7.39, P < 0.001) in all children with CRS. In children with
uncomplicated CRS, multivariate analysis revealed positive asso-
ciations between the diagnosis of AR and younger age (OR = 0.99,
95% CI: 0.99–1.00, P = 0.047) and asthma (OR = 8.25, 95% CI: 6.77–
10.04, P < 0.001).
 P-value Multivariate odds ratio Multivariate P-value

1.01 (1.00–1.01) 0.750

1.09 (0.94–1.26) 0.264

0.12 (0.06–0.26) <0.001

1.15 (0.93–1.42) 0.187

0.60 (0.13–2.87) 0.775

6.24 (5.27–7.39) <0.001

icated CRSa.

lue Multivariate odds ratio Multivariate P-value

0.99 (0.99–1.00) 0.047

1.15 (0.98–1.36) 0.095

8.25 (6.77–10.04) <0.001
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4. Discussion

CRS represents a heterogeneous set of disease processes which
phenotypically converge with respect to chronic mucosal inflam-
mation of the paranasal sinuses [1,2]. Cystic fibrosis (CF) [18,19],
immune deficiencies [20] and primary ciliary dyskinesia (PCD) [21]
have all been independently associated with the pathogenesis of
CRS, each likely through different mechanisms [11,16]. Allergic
rhinitis is also suspected to contribute to the development of CRS
by inflammation of the mucosa of the sinonasal cavity [11,16]. The
epidemiology of AR in the setting of CRS has not been as fully
characterized as these other comorbidities.

In this study, a comprehensive screen of all children evaluated
for and diagnosed with CRS over a ten year period in the
otolaryngology and allergy clinics of a tertiary-care pediatric
hospital was performed. The prevalence of AR was determined in
this large cohort of children with CRS and compared to the
prevalence of CF, immune disorders and PCD. The prevalence of AR
was also characterized in subpopulations of children with CRS who
also had concurrent CF, immune disorders and PCD. Such a
characterization of AR in pediatric CRS has not been previously
described. Moreover, the diagnosis of AR in children with CRS was
characterized through associations with demographic factors.

The limitations of this study are largely centered on the
dependence upon ICD-9 codes as the sole basis to screen for
patients with certain diagnoses. It is possible that miscoding may
confound the selected cohort of patients, although the effect of any
such miscoding is minimized by screening patients from otolar-
yngology and allergy clinics that are accustomed to evaluating
patients with CRS and the associated comorbidities. Physician
diagnostic accuracy was assumed and, as such, confirmation of
diagnostic studies such as sweat chloride testing, quantitative and
qualitative immunologic testing, nasal mucosal biopsy and
pulmonary function testing was not performed.

While CF, PCD, and immunologic disorders are associated with
and potentially contribute to the development CRS in children, the
present study demonstrates that children diagnosed with these
comorbidities are in the minority, accounting together for less than
20% of the CRS population. In contrast, 27% of the CRS children
were documented to have AR. Because AR in the pediatric
population is diagnosed by a wide range of clinicians with a wide
variety of diagnostic tools ranging from clinical history alone to the
use of skin and serological allergy testing, the true prevalence of AR
in the general pediatric population is hard to absolutely ascertain.
To date, the prevalence of AR in the general pediatric population
has been estimated from ten to forty percent [22,23]. The 27%
prevalence of AR established here in children with CRS notably falls
within this range.

The overall prevalence of AR did not substantially change
whether considering children with CRS in the absence of
associated comorbid conditions or all children with CRS including
those with CF, immune disorders or PCD [24]. However, the
prevalence of AR in children with CRS was noted to vary in certain
comorbid disease subgroups. A strong negative association was
detected between a diagnosis of CF and a diagnosis of AR in
children with CRS. This is not an unexpected finding in light of the
characteristics of CRS in the setting of CF [25–27]. Asthma was
additionally found to be present in 16–18% of all children with CRS.
A concomitant diagnosis of asthma was several times more
common in children with CRS who also had AR. In fact, a strong
positive association was detected between a diagnosis of asthma
and AR in children with CRS, which was irrespective of CF,
immunologic or PCD status. This finding is consistent with the
well-established frequent coexistence of AR and asthma [28].
Consistent with a previously reported association between asthma
and CRS in adults [29], the prevalence of asthma in children with
CRS reported here was slightly higher than the general pediatric
population [22].

These results provide novel insights with important implica-
tions for the care of children with CRS. Although sweat chloride
testing and immunologic profiling are commonly considered
and often performed in children with CRS, formal allergy testing
may not be undertaken as routinely [24]. The results of this
study show the prevalence of AR to be comparatively greater
than that of CF, immunologic disorders and PCD combined in
children with CRS, calling into question the relative clinical
priorities. Children with CRS, by definition, experience daily
sinonasal symptoms such as congestion and purulent rhinorrhea
driven by persistent sinonasal inflammation which may be
clinically inseparable from the manifestations of allergic rhinitis.
That over a quarter of these children would have a medically
manageable allergic contribution to their sinonasal inflamma-
tion argues for routine consideration of aeroallergen sensitivity
testing in these children. This is particular true of children with
asthma who may be up to eight times more likely to have AR in
the setting of CRS.
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