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Introduction

Abstract

Up to 50% of patients with chronic rhinosinusitis (CRS) have comorbid asthma,
and we have reported that a subset of CRS patients who have nasal polyps
(CRSwNP) have elevated autoantigen-specific antibodies within their nasal polyps
(NP). While increases in the prevalence and/or severity of both asthma and
autoimmunity in women are well characterized, it is not known whether CRSwNP
is more severe or frequent in women than men. We sought to determine whether
CRSWNP demonstrated sex-specific differences in frequency and/or severity. Using
a retrospectively collected database of tertiary care patients (n=1393), we
evaluated the distribution of sex in patients with CRSWNP with or without
comorbid asthma or aspirin hypersensitivity. We further compared the severity of
sinus disease between men and women with CRSwNP. Although women
comprised 55% of CRS patients without NP (CRSsNP), a significantly smaller
proportion of CRSWNP patients were female (38%, P < 0.001). Interestingly,
women with CRSWNP were significantly more likely than men to have comorbid
asthma (P < 0.001), and 61% of patients with the most severe form of disease
(aspirin-exacerbated respiratory disease (CRSWNP plus asthma plus aspirin
sensitivity)) were women (P < 0.05). Women with CRSWNP were significantly
more likely to have taken oral steroids, and were more likely to have a history of
revision surgeries (P < 0.05) compared to men. These data suggest that women
with CRSWNP have more severe disease than men in a tertiary care setting. Future
studies are needed to elucidate the mechanisms that drive disease severity in men
and women, paving the way for the development of personalized treatment
strategies for CRSWNP based on sex.

pathogenesis and its association with asthma remain
unclear.

Chronic rhinosinusitis (CRS) is an inflammatory disease of
the upper airways that affects up to 30 million people in the
United States. It is associated with a significant impairment
in quality of life and places a large financial burden on the
health care system, with over $6 billion spent annually on
clinical and surgical management [1-4]. A specific subgroup
of patients with CRS also has nasal polyps (CRSWNP), and
up to 50% of this group has comorbid asthma [5]. Despite
the high prevalence of CRS, the mechanisms that underlie its

Dysregulation of both the innate and adaptive immune
responses has been hypothesized to promote the chronic
inflammation observed in CRSwNP. We have previously
demonstrated that B cell activating factor of the TNF family
(BAFF), a key B cell survival factor from the TNF family, as well
as B cell attracting chemokines, CXCL12 and CXCL13, are
highly elevated in nasal polyp tissue from patients with
CRSwNP [6, 7]. Blineage cells (B cells, plasmablasts, and plasma
cells) and their antibody products, in particular autoantibodies,
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are also highly elevated in nasal polyps [5, 8-11]. Together, these
data suggest that B cell responses may be critical components in
CRSWNP pathogenesis, and additional studies are needed to
further investigate how they impact disease.

B cell activation and antibody production can be induced
by the female sex hormone, estrogen [12-14]. Extensive
studies in a murine model of systemic lupus erythematous
(SLE), an autoimmune disease in which B cells play an
important role, have shown this model for disease to be more
strongly manifested in females, as is also found in human
patients with SLE. It has been further demonstrated that
female sex hormones, especially estrogen, are capable of
driving this gender bias toward females [14-16]. Addition-
ally, human epidemiological studies have shown that several
autoimmune diseases, including SLE, are more prevalent
and/or severe in women [14]. Although asthma is not viewed
as an autoimmune disease, it is also more prevalent, and it
can be more severe, in women [15-17]. Despite the fact that
CRSWNP has features of asthma and autoimmunity, along
with elevations of B lineage cells and autoantibodies in nasal
polyps, no studies have investigated whether CRSwNP
affects females disproportionally. As a result, we sought to
determine whether the frequency or severity of CRSWNP
varied by sex in our study population.

Methods
Patients

Demographic and clinical history data were collected from all
non-CRS controls and patients with CRS (both with
(CRSwWNP) and without nasal polyps (CRSsNP)) who were
treated in the Allergy-Immunology and the Otolaryngology
Clinics of the Northwestern Medical Faculty Foundation
(NMFF) or the Northwestern Sinus Center at NMFF and
recruited to participate in studies on CRS between 2003-2013
(n=1393)(Table 1). Control patients were undergoing
surgery for non-CRS indicated procedures, such as cranial
tumor resection and septoplasty (Table 2). Some control
patients provided nasal epithelial cells or nasal lavage samples,
which were obtained in the clinic, but did not undergo surgery

Table 1. Patient demographics.

Women with CRSWNP have more severe disease than men

(27.2%, Table 2). All CRS subjects met the criteria for CRS as
defined by the American Academy of Otolaryngology-Head
and Neck Surgery Chronic Rhinosinusitis Task Force [18],
such that the diagnosis of CRS was based upon the presence of
clinical symptoms (i.e., nasal congestion, rhinorrhea, facial
pressure, hyposmia) persisting for more than 12 weeks in
addition to having objective evidence of chronic inflamma-
tory disease on sinus CT imaging or nasal endoscopy. Patients
with Aspirin Exacerbated Respiratory Disease (AERD) had
the clinical triad of CRSWNP, asthma, and a documented
history of developing respiratory symptoms following
ingestion of either aspirin or a non-steroidal anti-inflamma-
tory drug (NSAID)[19, 20]. Patients with AERD were
considered a separate subgroup from those with CRSWNP,
and they were not included in the data analyses of patients
with CRSWNP unless indicated. Patients were considered to
have asthma if they had an asthma diagnosis documented by
an allergist, pulmonologist or otolaryngologist. For atopy,
patients needed to have a positive skin prick test to at least one
of the following allergens: tree pollens, grass pollens, ragweed
pollen, dust mite, cat, dog, molds or cockroaches. Severity of
sinus inflammation was determined by clinical radiologists
interpretation of sinus mucosal thickening on sinus Comput-
ed Tomography (CT) imaging as being mild, mild-moderate,
moderate, moderate-severe, or severe. Additionally, sinus
mucosal thickening was assessed by two independent
reviewers using the Lund-Mackay (LM) scoring system [21].
Patients with an established immunodeficiency, pregnancy,
coagulation disorder, solid organ transplant, classic allergic
fungal sinusitis, or cystic fibrosis were excluded from the
study. All subjects provided informed consent, and the study
was approved by the Institutional Review Board of
Northwestern University Feinberg School of Medicine.

Statistical analysis

All calculations were done using Graphpad Prism v5.0b. The
Chi-squared test was used for comparisons of prevalence
among different groups. The Mann—Whitney U test was used
to compare median values between 2 groups, and the
Kruskal-Wallis test with Dunns correction was used to

Control CRSsNP CRSWNP AERD
Number 363 490 488 44
Age, median (range) 36 (16-87) 38 (18-73) 46 (20-81)"* 43 (19-72)
% Caucasian (95% Cl) 73.1 (68.1-78.0) 79.7 (75.9-83.4) 75.2 (71.1-79.4) 68.2 (54.4-81.9)
% Women (95% Cl) 45.7 (40.6-50.9) 55.3 (50.9-59.7) 38.1 (33.8-42.4)"* 61.4 (47.0-75.8)
% Asthmatic (95% Cl) 4.2 (1.9-6.5) 24.3 (20.3-28.3)"® 53.6 (49.0-58.2)"* 1007*@
% Oral Steroids (95% Cl) 1.3 (0.0-2.5) 8.9 (6.3-11.5)" 23.4 (19.4-27.4)* 47.7 (33.0-62.5)"*@
% Atopic (95% Cl) 17.4 (13.0-21.8) 56.9 (52.1-61.8)" 66.4 (61.8-71.1)" 82.4 (69.5-95.2)*

*P < 0.05 compared to control, #P < 0.05 compared to CRSSNP, ®P < 0.05 compared to CRSWNP, $P < 0.05 compared to AERD.
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Table 2. Control patient surgical procedures.

Procedure Percentage of control patients
No Surgery 27.2
Septoplasty 36.1
Tumor Resection 14.8
CSF Leak Repair 3.6
Uvulopalatopharyngoplasty 3.6
Mucocele Decompression 1.9
Dacryocystorhinostomy 1.7
Other 1.1

compare medians among more than 2 groups. A P-value of
less than 0.05 was considered significant.

Results
Sex-specific differences in the prevalence of CRS

We first wanted to determine whether there were any sex-
specific differences in the prevalence of CRS among our patient
population. We examined patient records from control
(n=367), CRSsNP (n=490), CRSWNP (n=492), and
AERD (n=44) patients who had previously been recruited
from tertiary care centers at Northwestern for our studies on
CRS between 2003-2013. We found that women comprised
approximately half of control (45%) and CRSsNP patients
(55%), but women made up a significantly smaller proportion
of CRSWNP patients compared to CRSsNP (38%, P < 0.001;
Fig. 1A). In contrast, 61% of patients with AERD, the most
severe form of CRSwNP, were women, and this was
significantly higher than the proportion of women with
CRSWNP (P=0.032). These data suggest that women with
CRSwNP may have more severe disease than men. In support
of this, we found that if we combined the AERD patients with
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the CRSWNP patients, women were more than 2.5 times as
likely to have an AERD diagnosis compared to men (P = 0.003;
Fig. 1B). However, for the remainder of our analyses, AERD
patients were excluded from the CRSWNP group. Interestingly,
while we found that patients with CRSWNP were slightly older
than control and CRSsNP patients (Table 1, and Fig. S1A), we
did not find any differences in age between men and women of
any patient group (Fig. S1B).

Sex-specific differences in the frequency of
asthma and atopy

Patients with more severe forms of CRSWNP are also more
likely to have comorbid asthma [22], and asthma is known to
be more prevalent in women [15-17]. We also found that the
prevalence of asthma was significantly higher in CRSWNP
patients compared to CRSsNP and control patients in our
study group (Table 1). However, no studies to date have
investigated whether asthma is more common in women with
CRSWNP compared to men. In order to address this, we
assessed the frequency of comorbid asthma among men and
women in our study population. We found that women with
CRSwWNP were significantly more likely to have comorbid
asthma than men with CRSWNP (66% vs. 46%; P < 0.001,
Fig. 2A). We also assessed the frequency of asthma in CRSsNP
and control patients. Although there was a trend toward higher
asthma frequency, there was no significant difference in asthma
frequency between the men and women of these groups
(Fig. 2A). These data suggest that the increased prevalence of
asthma in women with CRSWNP may not simply be due to the
overall increase in asthma among women, but may be linked to
airway disease severity. We also assessed the frequency of atopy
among men and women in each patient group but found no
sex-specific differences (Fig. 2B).
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Figure 1. Proportion of patients that were women in each group. The frequency of women was determined among all patients recruited for study on
CRS at Northwestern University between 2003-2013 (n = 1393). (A). The proportion of women was not different between control and CRSsNP patients.
However, women were much less likely than men to have CRSWNP compared to CRSsNP and AERD patients. (B). Among all patients with CRSWNP,
women were 2.5 times more likely to have AERD. *P< 0.05, **P<0.01, ***P<0.001 by Chi-squared test.
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Figure 2. Frequency of asthma and atopy among men and women. (A). CRSWNP women were more likely to have comorbid asthma (64 %) compared to
CRSWNP men (46%). Asthma frequency was not different between men and women in the control or CRSsNP groups. (B). There was no difference in the
frequency of atopy between men and women in any group. ***P < 0.001 by Chi-squared test.

Sex-specific differences in race and oral steroid
use among CRSwWNP patients

It has been well documented that asthma is more prevalent
among women, but it is also known that African-Americans
have a higher prevalence of asthma than Caucasians [16].
Although we found no differences in the proportion of
Caucasian patients among our study groups (Table 1),
we wanted to determine whether women with CRSWNP were
more likely to be African-American and whether they were
more likely to have taken oral steroids, a common feature of
patients with severe asthma [17]. We found that women with
CRSWNP were significantly more likely to be African-
American, compared to men (18% vs. 10%, respectively,
P=0.027; Fig. 3A), but this was not affected by the asthmatic
status of the men or women (data not shown). In addition,
we found that CRSWNP women were significantly more
likely to have been prescribed perioperative oral steroids
compared to men (29% vs. 20%, respectively, P=0.034;
Fig. 3B). Moreover, the frequency of oral steroid use was
highest in asthmatic CRSWNP women compared to non-
asthmatic women and men with and without asthma
(P<0.001, P=0.015, and P<0.001, respectively;
Fig. 3C). Interestingly, asthma status did not have an effect
on oral steroid use in men with CRSwNP (Fig. 3C).
Together, these data further support the notion that
CRSwNP women have more severe disease than men.

Sex-specific differences in sinus disease severity
in CRSWNP patients

Because patient chart data were more complete for those
patients recruited for study from 2010 and on, including
data on CT scans and number of surgeries performed, we

used the charts from the subset of CRSWNP patients from
our study group recruited in those years to determine sinus
disease severity (n =226 out of 492 CRSWNP patients). We
first examined whether women with CRSWNP had more
severe sinus disease compared to men with CRSWNP by
using the traditional Lund—Mackay (LM) scoring system,
but we found no differences in the overall average LM score
between the sexes (Fig. 4A). In contrast, based upon
radiologists unbiased interpretation of overall sinus mucosal
thickening on diagnostic sinus CT scans, 36% of women
with CRSWNP were classified as having severe disease
compared to only 17% of men (P=0.002; Fig. 4B). In
addition, when we converted the radiologists’ interpreta-
tions to a scale of 1-5 (1 being mild and 5 being severe), we
found that women with CRSWNP had significantly higher
scores than men (P=0.013; Fig. S2). This suggests that
despite the fact that CRSWNP was more common among
men, women with CRSWNP on average had more severe
sinus disease than men.

Another indicator of CRSWNP disease severity is the need
for revision surgeries. We assessed the total number of
surgeries for men and women with CRSwNP, as well as the
percentage of men and women that ever required revision
surgery. We found that CRSWNP women were significantly
more likely to require revision surgery than men (P =0.039;
Fig. 5A), and they had a history of more total revision
surgeries than men (P=0.018, Fig. 5B). Interestingly,
CRSWNP women with comorbid asthma were significantly
more likely to require revision surgery compared to non-
asthmatic women (50% vs. 26%, respectively, P=0.024,
Fig. 5C), but revision surgery frequency was not different
based upon asthma status in men (Fig. 5C). Together, these
data further support the hypothesis that women with
CRSwNP have significantly more severe disease than men.

© 2015 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd. 17
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Figure 3. Race and oral steroid use in men and women with CRSWNP. (A). Women with CRSWNP were more likely to be African-American compared to
men (18% vs. 10%). (B). Women with CRSWNP were more likely to be prescribed perioperative oral steroids than men (29% vs. 20%). (C). Women with
CRSwWNP with asthma had the highest frequency of oral steroid use (39%). *P < 0.05, ***P < 0.001 by Chi-squared test.

Discussion

It is well established that asthma as well as many
autoimmune diseases are more prevalent and/or severe in
women [14, 15]. B cells are known to play a key role in these
diseases, and estrogen is known to promote B cell activation
and antibody production in murine models of autoimmune
disease [12-14]. We have previously demonstrated that B
cells and antibodies likely play a key role in the pathogenesis
of CRSwWNP, but the mechanisms responsible for the
activation of B cells and production of antibodies in NP
are unclear [5, 6, 10, 23]. Despite the fact that CRSWNP has
features of both asthma and autoimmunity, it has not been

determined whether there are sex-specific differences in the
prevalence and/or severity of this disease.

In the current study, we assessed the frequency and
severity of CRSWNP among men and women previously
recruited from our tertiary care clinics at Northwestern to
study of CRS. Within this selected population, the frequency
of CRSsNP between the sexes was similar, while men more
commonly had CRSwNP than women. Interestingly,
however, it was women with CRSWNP who had more
severe sinus disease, were more likely to require revision
surgeries, who were more likely to have comorbid asthma,
and who were more likely to have been prescribed
perioperative oral steroids (Figs. 2-5). Also, we found that

18 © 2015 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.
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Figure 4. Sinus disease severity in men and women with CRSWNP. (A). There was no difference in the Lund-Mackay scores for men and women with
CRSWNP. Boxes represent medians with 25th and 75th percentiles, whiskers represent the min and max values. (B). Women with CRSWNP were two
times more likely to be diagnosed with severe sinus disease, compared to men (36% vs. 17%). **P < 0.01 by Chi-squared test.

the most severe form of CRSWNP, AERD, was much more
common in women than men, which is in agreement with
other published studies [24, 25] (Fig. 1).

The increased frequency of asthma among CRSwNP
women could simply be due to the overall increase in asthma
prevalence among adult women compared to men in the
general population. According to the National Center for
Health Statistics 2014 National Health Interview Survey, the
prevalence of asthma among women 35 and older in the USA
was 8.8%, compared to 5.2% for men in the same age
range [30]. It is also well established that patients with CRS
have an increased prevalence of asthma compared to the
general population [31], and the data in this work confirm
that finding. Importantly, however, we found that the
frequency of asthma was 46% in CRSWNP men and 66% in
CRSWNP women. This increased frequency of 20% is far
higher than the 3.6% increase in asthma prevalence
documented in the general population of women compared
to men. We also found that the frequency of asthma was 6%
in control women, and 3% in control men, which is in line
with the estimates for the general population above.
Moreover, we found that the frequency of asthma was
27% in CRSsNP women, and 21% in CRSsNP men, which
highlights the fact that CRSWNP women have a greater
increase in asthma frequency than would be explained by the
increased prevalence of asthma in patients with upper airway
disease.

The severity of CRS disease can be measured using a
variety of different techniques, ranging from assessment of
patients’ clinical symptoms (e.g., SNOT-22) [26], to
evaluation of patients sinus thickening on CT scan. For
the latter, several different radiological scoring systems are
available for quantifying CRS disease, with the Lund—
Mackay (LM) scoring method being one more commonly

© 2015 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.

utilized [21]. In this system, individual sinuses are assigned a
number based on sinus mucosal thickening: 1) absent; 2)
partial opacification of the sinus; or 3) complete opacifica-
tion of the sinus. The scores for each individual sinus are
then added to scores assessing patency of the ostiomeatal
units to generate a final total value. In our study, we found
no differences in the averaged total LM score between men
and women with CRSWNP (Fig. 4A). One of the drawbacks
in using this scoring system, however, is that there is no
delineation between degrees of partial sinus opacification,
such that a sinus with 75% opacification receives the same
score as one with only 10% opacification. Such a limited
scoring system is not able to account for varying degrees of
sinus inflammation observed in clinical populations. In
contrast, the radiology-based scoring system used in our
study has a more expanded Cclassification for sinus
opacification, as interpreted by clinical radiologists, who
were not affiliated with this study. This method allows for the
spectrum of sinus disease to be more fully characterized in
our study population, making differences between men and
women more evident. The clinical radiology scores showed
that severity is unequivocally worse in women with CRSWNP
than in men with CRSWNP (Fig. 4).

While our results strongly suggest that women with
CRSWNP have more severe disease than men, the mecha-
nisms responsible for this difference are not clear. As
mentioned previously, estrogen has been shown to play a
role in the sex bias seen in asthma and autoimmunity
[14, 15]; thus it is possible that estrogen plays a role in
CRSwNP disease severity as well. In addition, our prelimi-
nary studies indicate that nasal polyp tissues from CRSWNP
women have higher levels of inflammatory markers, such as
eosinophil cationic protein (ECP), and increased levels of
autoantibodies compared to polyp tissue from men (data

19
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Figure 5. Revision surgeries in men and women with CRSWNP. (A). CRSWNP women were more likely to require revision surgery than men (42% vs.
29%). (B). Women with CRSWNP required more surgeries on average than men. Line represents the mean. (C). CRSWNP women with asthma had the
highest frequency of revision surgeries (50%). *P < 0.05 by Chi-squared test (A and C) or by Mann-Whitney U test (B).

not shown), suggesting that regulation of some inflamma-
tory processes may be altered in women. Interestingly,
estrogen has been shown to directly activate eosinophils in
vitro, and eosinophils can support the survival of antibody-
secreting cells in the bone marrow [27-29]. Furthermore,
estrogen has been shown to promote production of
autoantibodies by allowing autoreactive B cells to escape
tolerance [14]. Thus, we speculate that estrogen may be a
critical sex-specific factor that promotes the accumulation of
ECP and autoantibodies in nasal polyps of women. Our
ongoing studies are focused on elucidating the roles of
estrogens and the mechanisms that may be responsible for
the sex-specific differences in CRSWNP disease severity seen
in this study.

Finally, it is important to note the limitations of this work.
First, these results are based on a selective population of
patients, those who actively sought specialized care for their
CRS disease and often required surgical intervention.
Although it is a weakness of our study that they may not
represent the general population of people with CRSWNP, it
may be a strength of the study that the patients in our cohort
are likely to be those patients with the most severe forms of
the disease. It is reasonable to expect that patients with the
most severe disease disproportionately utilize medical care
and drive CRS health care costs. In addition, we examined
records from a large number of patients, over a 10-year time
span, which strengthens our analyses. There are myriad
reasons why women in our study could have more severe

20 © 2015 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.
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disease; it may be that women with CRSWNP only seek out
care once their disease passes a certain threshold of
morbidity, or that socio-economic factors have a greater
influence on their decisions to seek care. However, it has
been documented that women with asthma visit all heath
care providers more than men, and women are more likely to
seek care sooner than men [32, 33]. Thus the above
explanations seem unlikely to account for the differences we
have described in our study. Importantly, the epidemiologic
studies required to elucidate the possible factors for these
differences in disease severity have yet to be performed in
CRS. As such, this work represents an important initial
analysis that raises awareness of marked sex-specific differ-
ences in CRS, and hopefully will stimulate mechanistic
studies and larger epidemiological studies in the field.

In summary, we have found that CRSwNP is more
frequent in men in a large tertiary care population, but that
women suffer from more severe disease. These findings
suggest that the mechanisms that underlie the pathogenesis
of CRSWNP in men and women may be different, and they
may provide novel insights for the development of improved
therapeutic strategies for men and women with CRSwNP.
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SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of this article at the publisher’s web-site.

Figure S1. Median age of the patients in each group at the
time of study participation. (A). CRSWNP patients were
older than control and CRSsNP patients. There was no
difference in age between CRSWNP and AERD patients. (B).
There was no difference in age between men and women in
any patient group. Boxes represent medians with 25th
and 75th percentiles, whiskers represent the min and max
values. ***P < 0.001 by Kruskal-Wallis test with Dunn’s
correction.

Figure S2. Radiology score for CRSWNP in men and women.
Women with CRSWNP had higher median radiologic scores
(scale 1-5) based on clinical radiologist CT scoring. Boxes
represent medians with 25th and 75th percentiles, whiskers
represent the min and max values. *P < 0.05 by Mann—
Whitney U test.
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