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Abstract

BACKGROUND—Chronic rhinosinusitis (CRS) is a common inflammatory disease of the upper
airways that is often categorized into subtypes including “with” and “without” nasal polyps.
However, the influence of multiple important epidemiologic factors, including race, on CRS has
not been investigated.

OBJECTIVE—The present study assessed various phenotypic characteristics of CRS in patients,
living in the United States, with different racial backgrounds.

METHODS—We performed a large retrospective cohort study of patients with CRS treated at a
large urban tertiary care referral center in Chicago.

RESULTS—ATfrican American (AA) patients with CRS living in Chicago were more likely to
report hyposmia as a symptom of CRS. Furthermore, AA patients with CRS who failed medical
therapy and required surgical intervention had a significantly higher frequency of nasal polyposis
and aspirin-exacerbated respiratory disease, and a higher disease severity index on computed
tomography imaging than did white patients with CRS. The increased polyposis in AAs was
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associated with increased hospitalization for asthma. There were no differences in the prevalence
of atopy, asthma, atopic dermatitis, food allergy, duration of disease, or number of surgeries
between different races.

CONCLUSIONS—AAs with refractory CRS are at increased risk for nasal polyposis, smell loss,
aspirin-exacerbated respiratory disease, and a greater severity of disease based on imaging,
resulting in increased health care utilization.
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Chronic rhinosinusitis (CRS) is a chronic disease affecting approximately 5% to 15% of the
general population.1=3 CRS has a significant negative effect on patients’ quality of life.l
Despite an increasing knowledge base regarding the disease in recent decades, there remain
multiple unknown factors regarding its complex pathophysiology. Indeed, there are
phenotypic differences among patients with CRS that are likely based on the underlying
pathophysiology, thus hindering our understanding of this disease.# This also adds to the
dilemma of selecting the most appropriate treatment strategies. Several international/national
guidelines and consensus studies are available that present the currently available treatment
strategies for CRS.1:2:6 However, despite these guidelines and medical treatment options,
many patients with CRS continue to suffer from refractory symptoms.?

Understanding of the heterogeneous nature of CRS has promoted the concept that CRS
consists of multiple biological subtypes or “endotypes.”’ Endotypes are defined by distinct
pathophysiologic mechanisms that might be identified by bio-markers. Classifying diseases
on the basis of endotypes has been used for other chronic respiratory diseases such as
asthma.® Subclassifying CRS according to the presence and absence of nasal polyps—CRS
with nasal polyps (CRSwWNP) and CRS without nasal polyps (CRSsNP)—has been useful in
selecting the best treatment option. However, consideration of diverse clinical phenotypes so
far has not provided a complete understanding of the underlying pathophysiologic
mechanisms of CRS.

Genetic differences are major factors in categorizing disease according to endotypes, and
race is one marker of such differences. For example, genetic alterations have been identified
in individuals of Latino or African American (AA) background in association with asthma,
alterations that are not as common in patients of European origins.®10 This is indicative of
genetic differences in susceptibility to asthma.

At present, very little is known regarding the epidemiology of CRS as it relates to racial and
ethnic differences. A few studies have previously investigated CRS phenotypes with regard
to the racial background of patients, but these are limited in size or focus only on specific
disease subtypes. A study based on national health surveys suggests that CRS is a significant
health issue in all racial groups in the United States.1! CRS accounted for an estimated 20.3
million of 902 million (2.3%) physician visits in 2006. The frequency of visits to physicians
for CRS was similar across all racial groups. In contrast, AAs accounted for about 34% of
the emergency room (ER) visits related to this disease, despite comprising only 12.6% of the
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US population.}1 Whether this discrepancy is partially due to lower access to primary care
or higher severity of disease in this group is unclear and merits further investigation. Bush et
al12 showed that both whites and AAs had a significant improvement in symptoms at 6
months after functional endoscopic sinus surgery, although AA subjects had an earlier
relapse. Thus, determining the patient-related factors that result in increased health care
utilization among AAs is an important public health concern.

In addition to the increased health care utilization, the effect of CRS on quality of life (QOL)
in different groups is unevenly distributed. A study focusing on QOL in patients of different
racial backgrounds with CRS found that Hispanic patients had a worse Rhinaosinusitis
Disability Index rating, a score indicative of QOL.11

Our knowledge of the impact of race on CRS health care utilization, QOL, and disease
severity is limited to the above studies. No studies to date have determined whether CRS
phenotypic features, severity of disease, or frequency of comorbidities have associations
with race. To address the impact of race on severity and outcomes in CRS, we conducted a
large-scale study of the association of CRS-related variables with different races in a tertiary
care center.

METHODS

Subjects

The study was approved by the Institutional Review Board of Rush University Medical
Center. An electronic medical records database search was performed by the Information
Technology Department to identify patients with a diagnosis of CRS evaluated in the allergy
or otolaryngology clinics between January 2008 and December 2014. All encounters of the
selected patients were reviewed to ensure that they had a diagnosis of CRS based on the
guidelines of the American Academy of Otolaryngology—Head and Neck Surgery Chronic
Rhinosinusitis Task Force.12 To be eligible for our study, patients were required to have
continuous symptoms of rhinosinusitis for more than 12 weeks documented as part of the
history in the chart, with objective findings of sinusitis on either computed tomography (CT)
scan or nasal endoscopy documented in the medical records. All patients with allergic fungal
rhinosinusitis and sinonasal malignancies were excluded from the study. Clinical and
demographic factors related to CRS were recorded in a REDcap database for statistical
analysis. The definition used for each condition is detailed in Table E1 in this article’s
Online Repository at www.jaci-inpractice.org. All personal health information was
deidentified for the analysis.

The terminology and categories used for race are based on the National Institutes of Health
recommendation of reporting 5 racial categories (American Indian or Alaska Native, Asian,
black or AA, Native Hawaiian or Other Pacific Islander, and white) and 2 ethnic categories
(Hispanic or Latino, and Not Hispanic or Latino) (National Institutes of Health policy notice
no. NOT-OD-01-053).
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To simplify the reporting of data, individuals who had identified themselves as white race
plus Hispanic ethnicity were referred to as Latino and the non-Hispanic whites were referred
to as whites in this study.

Database of refractory CRS cases

Patients who had failed initial medical treatment and had undergone functional endoscopic
sinus surgery were selected for the refractory CRS cohort. These recalcitrant CRS cases
were sub-classified using the aforementioned race groups for statistical analyses.

Statistical analysis

RESULTS

Comparisons between groups were first performed using either the XZ test or ANOVA and
Newman-Keuls multiple comparison tests. Logistic and linear regressions adjusting for the
covariates were used to test whether demographic factors influenced the findings. Subgroup
analyses were performed by logistic regression for some of the variables to further explore
the findings. For statistical analyses, SPSS version 21 (IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY) and GraphPad Prism version 6.00 for Windows were used
(GraphPad Software, La Jolla, Calif; www.graphpad.com). Differences were considered
statistically significant at A< .05.

A total of 1344 patients received a diagnosis of CRS during the study period. All charts were
reviewed twice for diagnostic accuracy. Of the initial 1344 cases, 995 were confirmed to
have CRS on the basis of inclusion criteria outlined in the Methods section; 919 were given
the diagnosis of CRS by an otolaryngologist or allergist on the basis of symptoms longer
than 12 weeks and a positive CT scan. An additional 76 cases were included on the basis of
positive endoscopic findings or evidence of polyps clearly documented on an anterior
rhinoscopy examination. The demographics of these cases are detailed in Table 1. We
excluded 173 cases because they had a normal CT scan that ruled out sinusitis, and an
additional 176 more patients were excluded because they did not have objective CT or
endoscopic findings in the chart to support the diagnosis.

Of the 995 confirmed CRS cases, in 960 cases the patient’s race was identified in the
medical chart as AA, white, or Asian. Patients of other races or mixed backgrounds were
excluded from the analysis because of low numbers. There were 231 (24.05%) black or AA,
606 (63.05%) white or non-Hispanic white, 109 (11.4%) Hispanic-white or Latino, and 14
(1.5%) Asian cases. AAs had the highest male prevalence, which was significantly higher
compared with whites, but not different among other groups. AAs (with CRS) also had a
higher body mass index compared with whites, Latinos, and Asians. The mean age was
similar among AAs, whites, and Latinos, with the exception that Asian patients were
significantly younger than AAs (Table II).

Composite data from all CRS cases

Among CRS cases, there was no statistically significant difference among races in the
prevalence of polyposis, meaning that the distribution of cases between CRSsNP and
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CRSwNP was similar in all races. However, AAs had a significantly higher frequency of
smell loss than did other groups. The prevalence of aspirin-exacerbated respiratory disease
(AERD), as defined by the presence of asthma, CRSWNP, and a documented history of a
respiratory reaction to COX-1 inhibitor, was significantly higher in AAs than in white and
Asian patients. Although among the different races AA patients had the highest prevalence
of asthma, these differences were not statistically significant (Table 111).

The prevalence of reported atopic dermatitis and IgE-mediated food allergy was similar
among all races. Three hundred seventy-three patients had been evaluated for allergic rhinitis
by skin testing or serum-specific IgE measurements for aeroallergens. There was no
statistical difference among the racial groups in terms of evaluation for allergic rhinitis.
Among these patients, the prevalence of allergic rhinitis was similar in all races (Table I11).
There were no differences in severity of CRS based on Lund-Mackay score (LMS) between
all race groups. The duration of disease was similar among all races as well. The percentage
of patients who needed surgery was similar among AA, white, and Latino cases; however,
Asian cases had a significantly lower rate of surgery (7.1%) compared with all other groups.

Refractory CRS group

Association

Between 2009 and 2014, 433 patients at Rush had undergone functional endoscopic sinus
surgery after they had failed medical treatment options. There were 88 (20.4%) AA, 292
(67.8%) white, 51 (11.8%) Latino, and 2 (0.5%) Asian cases. Because of the low number of
Asians among refractory CRS cases, that group was excluded from the analysis. The
prevalence of surgery, including primary and revision sinus surgeries, was not different
among AA, white, and Latino cases.

Among the refractory cases, there were no significant differences with regard to age and sex
distribution among AAs, whites, and Latinos. AAs had a significantly higher body mass
index compared with whites.

AA cases had a significantly higher frequency of nasal polyposis; CRSWNP cases comprised
51.1% of AA cases compared with 36.9% and 31.4% in whites and Hispanics, respectively.
Similar to findings for the general CRS group, AAs with refractory CRS had significantly
higher rates of subjective smell loss and AERD compared with whites and Latinos. In
addition, AA patients had a higher LMS compared with whites. There were no significant
differences in the number of revision surgeries and the duration of disease among different
races. The prevalence rates of asthma, atopy, atopic dermatitis, and food allergy were similar
among the 3 groups as well.

Adjusting above analyses for age, sex, and body mass index by logistic and linear
regressions did not change any of the results. The odds ratio for each variable in AAs and
Latinos compared with whites is detailed in Table IV.

of polyps with severity of disease

Next, we analyzed the association of polyps with other clinical outcomes in patients with
CRS. These clinical outcomes included smell loss, LMS, and asthma-related emergency
department visits and hospitalizations in different races (Figure 1).
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Nasal polyps were significantly associated with higher LMS and higher number of surgeries
in all races compared with CRSsNP. The presence of polyps was significantly associated
with smell loss in all races. To determine whether polyposis was the only explanation for
this observed increase in olfactory dysfunction in AAs, we carried out a logistic regression
analysis, testing the association of smell loss with race after adjusting for the presence of
polyps. After adjusting for polyps, AA patients still had more frequent smell loss than did
other races: the odds ratio (95% CI) was 1.83 (1.2-2.7) when comparing AAs with whites.

The presence of polyps was also associated with an increase in the rate of asthma
hospitalizations in AA patients with CRS. For this analysis, we included the data from 278
patients with CRS and asthma who had been evaluated and followed in the Rush Allergy or
Otolaryngology clinics for at least 2 years and seen in the Allergy or Pulmonary clinic at
least 2 times in that time span. The history of hospitalization and ER visits for asthma at
Rush or any other hospital was asked routinely by the pulmonary and allergy physician as
part of a template used in asthma visits. Although the prevalence of asthma was not different
among races as detailed above, AAs had a higher rate of ER visits and hospitalizations for
asthma compared with whites. Interestingly, the presence of polyps was associated with
increased ER visits and hospitalizations for asthma in AAs, but not in other races (Figure 1).

DISCUSSION

Our analyses showed that AA patients with refractory CRS who needed surgery had a higher
frequency of nasal polyposis, subjective hyposmia, and increased extent of disease by
imaging in comparison to whites and Latinos with refractory CRS. Furthermore, AA
patients had a higher prevalence of AERD compared with whites. We found no significant
differences in the prevalence of asthma, allergic rhinitis, atopic dermatitis, or food allergy in
the various races; therefore, other atopic disorders do not seem to be contributing factors to
the increased polyposis and AERD seen in AA cases.

The increased rate of nasal polyposis in AAs is an important clinical finding. We
demonstrated that CRSWNP in general is associated with increased smell loss, greater extent
of disease, and increased need for surgery. In addition, among AA cases, patients with
CRSWNP were at increased risk of hospitalization for asthma. Soler et al'l reported that
AAs accounted for almost one-third of the national ER visits related to CRS. This high
percentage of ER visits could be due, at least partially, to the observed phenotypic
differences that we report here in AAs; however, more limited access of AA patients to
primary care and routine outpatient care could also play a role.

Multiple studies have shown that AAs are at increased risk for other chronic inflammatory
diseases of the airways. Few studies have shown an association between allergic fungal
rhinosinusitis (AFRS) and race. Wise et al*4 have shown that AFRS is associated more with
AA, uninsured, and Medicaid patients (2 < .001) compared with the CRS group.1* AAs with
AFRS also had significantly higher preoperative LMS and endoscopy score (£ < .05) than
did whites.1> However, AAs had similar rates of bone erosion compared with other races in
another study.1® The association of AFRS,14 a more severe subtype of CRS, with AA race,
along with our findings, could indicate that this group of patients is more prone to
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inflammatory diseases of the upper airways manifested by polyposis or severe allergic
inflammation in response to fungus. The increased risk of asthma in AAs17-19 is another
indicator that AAs are at increased risk for chronic inflammatory airway diseases. Moreover,
multiple genetic alterations have been found to be associated with asthma in this racial
group.10.20 Nonetheless, at this point it is not clear whether this finding is due to genetics or
socioeconomic disparities or a combination of these factors.20

Despite the greater severity of CRS in AAs, the number of patients who underwent surgery
was similar for all races. This could potentially be explained by the finding that in the
general CRS database, the markers of disease severity were similar among races and the
differences are limited to refractory surgical disease. However, we cannot eliminate the
possibility that AAs have more limited access to advanced surgical patient care, which could
contribute to the similar rate of surgery in the treatment of patients with CRS across different
races. In this scenario, once they get to surgery, AAs would have more advanced disease.
Data from the Racial and Ethnic Approaches to Community Health Across the U.S. Risk
Factor Survey have shown that residents in most of the minority communities, including
AAs, have lower socioeconomic status and greater barriers to health care access. This could
result in greater risks for and increased burden of chronic diseases such as CRS.2!

A major symptom in patients with CRS that affects their QOL tremendously is olfactory
dysfunction.22:23 Smell loss is reported to be associated with eosinophilia24 and polyposis in
CRS.25 Qlfactory dysfunction in CRS is an important marker of the severity of inflammation
in this disease, and could be a permanent disability. It is common that the smell loss either
does not improve or rapidly recurs after surgical treatment of CRS.28 This symptom is also
associated with greater age, asthma, and smoking.2> In the present study, we found that AA
cases have a significantly higher prevalence of subjective hyposmia. This greater smell loss
reported by AA patients could be partially due to the higher frequency of nasal polyposis
(CRSwWNP) in this race. However, after adjusting the analysis for polyposis and age, there
was still a significant association between AA race and smell loss, and this difference was
observed in both CRSWNP and CRSsNP cases. Although olfactory dysfunction has been
shown to be associated with eosinophilia,24 a previous report did not show a difference
among AA, Latino, and white patients with CRSwWNP in terms of eosinophilic cationic
protein levels in polyps and in uncinate tissues as measured by ELISA.27 Furthermore, the
authors did not find any significant differences in the frequency of reported eosinophilia in
sinus tissue among AAs, Latinos, and whites.2’ This indicates that at least in CRSWNP
cases, there is no difference in eosinophilia among these 3 races. The observed difference in
olfactory dysfunction might be due to other elements of inflammation in this group of
patients, and further histopathological studies are required to evaluate this issue. It is worth
mentioning that the olfactory loss data in our study are based on self-report of smell loss.
Future studies with objective measurements of sense of smell are needed to confirm these
findings and investigate the underlying mechanism of smell loss in this group of patients.

Our results suggest that Asian patients have a distinct phenotype of CRS with younger age
of onset and significantly reduced need for surgical treatment. This is in line with previous
studies comparing Asian and white patients with CRS28:29 and the recently reported findings
in second-generation Asians with CRSWNP in the United States.2” These studies have
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shown major histopathologic and phenotypic differences between Asian and non-Asian
patients with CRSWNP.27 Nasal polyps in Asian patients are predominantly noneosinophilic,
and there are differences in Ty cells involved in tissue inflammation between Asians and
whites.2® These findings for Asian patients suggest a role for genetic factors in CRS. Our
present study has further found distinct phenotypic features in patients of African ancestry
with CRS. Although these findings, as detailed above, may be due to multiple environmental
factors, genetic elements could at least partially contribute to them.

The major limitation of this study is its retrospective designs. However, performing a
longitudinal study of this volume and extent is extremely difficult. To overcome this
limitation, we have placed strict inclusion criteria for the study and double-checked all the
data points by 2 investigators who reviewed the charts.

In conclusion, our results show that AA patients with CRS are more likely to report
hyposmia. In addition, AA patients with CRS who failed medical therapy and needed
surgical intervention had a significantly higher frequency of nasal polyposis, which was
associated with increased asthma hospitalizations. Furthermore, AAs with refractory CRS,
compared with white cases, were at increased risk for AERD, subjective hyposmia, and
more extensive CRS based on imaging. Multiple factors, including greater barriers to health
care access or genetic elements, could be playing a role in these observations. Future
prospective studies are needed to investigate the underlying mechanism of these
observations.
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What is already known about thistopic?

Our current knowledge about effect of race on chronic rhinosinusitis is very limited. In
this study, we have for the first time evaluated the impact of race on severity and
outcomes in chronic rhinosinusitis.

What doesthisarticle add to our knowledge?

Our results showed that African Americans with refractory chronic rhinosinusitis are at
increased risk for nasal polyposis, smell loss, aspirin exacerbated respiratory disease, and
a greater severity of disease based on imaging. Furthermore, in African Americans,
chronic rhinosinusitis with nasal polyps was associated with increased asthma-related
emergency room visits and hospitalization, hence increased healthcare utilization.

How does this study impact current management guidelines?

Our findings indicate that African Americans need to be followed more closely. More
importantly, the effect of nasal polyposis on their asthma need to be emphasized and
addressed during the care of these patients.
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Association of smell loss with CRS subclasses Association of Lund Mackay Scores with CRS subclasses
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FIGURE 1.

CRSwWNP is associated with higher risk of smell loss (A) and higher LMSs (B) in all races,
and is associated with increased ER visits (C) and hospitalizations (D) for asthma only in
AAs.
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TABLE |

Demographic and clinical characteristics of 995 patients with CRS visited at Rush University Medical Center
between 2008 and 2014

Characteristic Number or mean
Sex

Male 582

Female 397
Age (y), mean + SD 49.61 +16.27
BMI (kg/m?), mean + SD 28.97 £ 6.74
Nasal polyp

CRSsNP 655

CRSwWNP 304
Smell loss

Report of smell loss 173

No reported smell loss 787
Asthma

Yes 301

No 659
AERD

Yes 40

No 779
Atopy

Negative skin test result 67

Positive skin test result 284

No skin test 644
Eczema

Yes 72

No 687
Food allergy

Yes 121

No 826
LMS, mean £ SD 5.23+5.50
No. of surgeries, mean + SD 0.68 +1.12
Duration of disease (y), mean £ SD 6.73+7.8
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TABLE Il

Disease characteristics among different races in all patients with CRS visited at Rush

Race group

Characteristic Whites AAs Asians Latinos

Nasal polyp * — 1.14 (0.80-1.62) 0.82 (0.25-2.69) 0.79 (0.49-1.27)
Smell loss — 1.84 (1.22-2.76) " 0.73 (0.04-2.90) 1.37 (0.80-2.35)
Asthma — 1.10 (0.77-1.57) 0.39 (0.08-1.80) 0.72 (0.44-1.16)
AERD — 256 (1.22-5.36)" 0.21 (0.05-1.10) 1.93 (0.74-5.03)
Atopy — 1.09 (0.83-1.41) 0.58 (0.27-1.28) 0.87 (0.47-1.98)
Eczema — 0.81 (0.42-1.54) 0.88 (0.39-1.96) 1.04 (0.13-8.40)
Food allergy — 1.03 (0.64-1.67) 0.63 (0.08-4.97) 1.20 (0.66-2.19)

Refractory CRS; needed FESS — 0.74 (0.53-1.04)

0.07 (0.10-0.60)

0.95 (0.62-1.45)

LMS, mean + SD 534+53 526+5.7 6.36 +5.6 444 +56
Regression coefficients (95% CI)% 0.41 (-0.57 to 1.40) 0.90 (-1.95 to 3.77) 0.63 (-1.88 10 0.52)

No. of surgeries, mean + SD 0.72+1.1 0.62+1.1 0.14+0.5 0.70+15
Regression coefficients (95% CI) -0.025(-0.21100.16)  _0 063 (-1.23 to -0.04)7 —0.03(-0.2810 0.21)

Duration of disease, mean + SD 7.18+9.1 6.07+4.9 37514 6.35+6.5

Regression coefficients (95% CI) -1.43 (-2.65t0 0.02)

-2.9 (-7.2510 1.34)

-0.75 (-3.03 to 1.52)

BMI, Body mass index; FESS, functional endoscopic sinus surgery.

Values are odds ratio (95% CI) except where indicated otherwise.

Page 15

*
The reported odds ratios (95% CIS) for all categorical variables in different races were calculated in comparison to whites (the largest group) by

logistic regression adjusting for age, sex, and BMI.

fP< .05.

Regression coefficient for all numeric variables in different races were calculated in comparison to whites (the largest group) by linear regression

adjusting for age, sex, and BMI.
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TABLE IV

Disease characteristics among different races in patients with refractory CRS

Race group

Characteristic Whites AAs Latinos
Nasal polyp ™ - 158 (1.02-2.68) " 0.72 (0.34-1.40)
Smell loss — 2.13 (1.16-3.90)7 1.05 (0.47-2.34)
Asthma — 0.97 (0.56-1.67) 0.62 (0.21-1.23)
AERD — 2.94 (1.25-6.91)7 1.93 (0.66-5.62)
Atopy — 0.87 (0.32-2.38) 0.50 (0.19-1.30)
Eczema — 0.32 (0.09-1.04) 0.66 (0.20-2.13)
Food allergy — 0.72 (0.33-1.58) 1.45 (0.65-3.24)
LMS, mean £ SD 6.64 +6.3 8.88+7.2 6.34+7.1

Regression coefficients (95% Cl)f 2.02 (0.4-4.01) t 1.19(-2.37102.33)
No. of surgeries, mean + SD 152+1.1 1.64+1.4 1.58+2.1

Regression coefficients (95% CI) -1.69 (-4.01t00.62) 0.52 (-2.97 to 3.07)
Duration of disease, mean + SD 10.14 +11.9 8.90+5.9 9.96 +9.0

Regression coefficients (95% CI)

0.22 (~0.10 to 0.56)

0.007 (~0.44 to 0.42)

Values are odds ratio (95% CI) except where indicated otherwise.

Page 16

*
Odds ratios (95% Cls) of each variable in different races compared with the white group (the largest group) calculated by logistic regression.

fP< 05.

1z‘Regression coefficient calculated in different races compared with the white group (the largest group) by linear regression.
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