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Quality of life impairment due to chronic rhinosinusitis in 
asthmatics is mediated by asthma control*

Abstract
Background: Chronic rhinosinusitis (CRS) and asthma, when comorbid, may influence each other’s disease course and decrease 

quality of life (QOL). Our objective was to determine if poorer asthma control due to CRS symptoms could be a mechanism for 

decreased QOL in asthmatic CRS patients. 

Methods: A total of 120 asthmatic CRS patients were recruited. CRS symptom burden was measured using the 22-item Sinonasal 

Outcome Test (SNOT-22) and patient-reported CRS symptom control, general health-related QOL was measured using the visual 

analog scale of the 5-dimensional EuroQol quality of life survey (EQ-5D VAS), and asthma control was measured using the Asthma 

Control Test (ACT). Association was sought between these outcome measures. A mediation model was created and validated to 

show that asthma control mediated the association between CRS symptom burden and decreased general health-related QOL. 

Results: ACT score was associated with SNOT-22, EQ-5D VAS was associated with SNOT-22 score, and EQ-5D VAS was associated 

with ACT score. A statistically significant mediation effect for ACT score in the association between SNOT-22 and EQ-5D VAS), 

which represented 22.1% of the total effect of SNOT-22 on EQ-5D VAS, was identified. Similar findings were made for patient-

reported CRS symptom control instead of SNOT-22 score. 

Conclusions: In asthmatic CRS patients, a sizeable portion of CRS impact on QOL is indirectly mediated through the effect of CRS 

on poorer asthma control which may then drive decreased QOL. 
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Introduction
Chronic rhinosinusitis (CRS) is an inflammatory disorder of 

the sinonasal mucosa that affects approximately 10% of the 

population, causes a significant quality of life (QOL) detriment 

and leads to billions of dollars of costs to society every year (1). 

The impact of CRS exacerbations and CRS-associated sinonasal 

symptomatology on reduced QOL has been well-described (2-4). 

Asthma is a common comorbidity in CRS patients and it may be 

a significant source of morbidity in these patients (5). Epidemio-

logic and clinical associations as well as common pathophysio-

logic mechanisms between asthma and CRS suggest the pos-

sibility of exacerbation of one disease due to the other(5). Greater 

CRS symptoms and more frequent acute exacerbations of CRS 

(AECRS) have been shown to be associated with worse asthma 

control (6-8). Although it is likely that each disease may exacer-

bate the other, the preponderance of data suggests a dominant 

role for CRS in the exacerbation of asthma (9,10). 

Asthma is associated with significant decreases in QOL which 

are compounded by the morbidity of asthma exacerbations. As 

a chronic disease of the lower airways, characterized by obstruc-

tion and hyperreactivity of the lower airways, that manifests 

with symptoms such as wheezing, cough, and shortness of bre-

ath, asthma can be physically, emotionally and socially debilita-

ting (11,12). Acute exacerbations of asthma also take a similar toll 
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on patients and are associated with significant disability, mor-

bidity and even mortality (13,14). Prior studies have suggested the 

possibility of CRS and poor control of its symptoms to negatively 

impact comorbid asthma (6-8). The ability of CRS to exacerbate 

asthma severity and worsen asthma control may therefore serve 

as one mechanism through which CRS decreases QOL. 

Because decreased general health-related QOL is the predomi-

nant consequence of CRS that translates to billions of dollars 

in direct and indirect costs—from patients seeking medical 

care and missing work, respectively—annually, we sought to 

determine if the impact of CRS on asthma control could serve as 

a distinct mechanism for decreased general health-related QOL 

in asthmatic CRS patients. It is known that CRS symptom burden 

and poor CRS symptom control are associated with decreased 

general health-related QOL (2,15). We hypothesized that decre-

ased asthma control would mediate these associations between 

CRS symptoms and decreased general health-related QOL. Such 

a mediation effect would demonstrate a mechanism for decre-

ased QOL that is independent of the direct effects of sinonasal 

symptoms in asthmatic CRS patients and would provide greater 

evidence for the interactions between the upper and lower 

airways.

Materials and methods
Study participants and design

This cross-sectional cohort study was approved by our insti-

tution’s Human Studies Committee. Patients, aged 18 years or 

older, meeting consensus guideline criteria for CRS (16) as well as 

criteria for asthma (12) were prospectively recruited over a one 

year period. All study participants provided informed consent. 

Exclusion criteria included comorbid diagnoses of vasculitis, 

cystic fibrosis, sarcoidosis, and immunodeficiency as well as 

endoscopic sinus surgery within the past 6 months (to remove 

the confounding effects of recent sinus surgery). 

All data were collected at the time of enrollment. The age, gen-

der, race, history of previous sinus surgery, intranasal corticoste-

roid use (as spray or irrigation), inhaled corticosteroid use and 

smoking history of all participants were recorded. Any patient 

with a past history of smoking was considered a smoker for this 

study (17,18). Aeroallergen hypersensitivity was determined based 

on a history of positive skin or serological testing. Participants 

were assessed by the evaluating rhinologist for nasal polyps 

using endoscopy and then asked to rate control of their CRS 

symptoms over the last 6 weeks as “Not at all”, “A little”, “Somew-

hat”, “Very” or “Completely”, as previously described (15,19), where 

“Very” and “Completely” controlled symptoms were considered 

well-controlled and all other levels of symptom control were 

considered poorly-controlled CRS symptoms. Finally, partici-

pants were given three standardized surveys, the 22-item Sino-

nasal Outcome Test (SNOT-22) (20) to measure symptom severity, 

the 5-dimensional EuroQol quality of life survey (EQ-5D) from 

which the visual analog scale (EQ-5D VAS) was used as a mea-

sure of general health-related QOL (21,22), and the Asthma Control 

Test (ACT) (23) to assess asthma control. 

Statistical analysis

All analysis was performed using the statistical software package 

R (www.r-project.org). Univariate and multivariable associati-

ons with ACT score or EQ-5D VAS as dependent variables were 

calculated using linear regression. Multivariable linear regression 

models controlled for participant age, gender, smoking history, 

presence of nasal polyps, aeroallergen hypersensitivity, intra-

nasal corticosteroid use and corticosteroid inhaler use. The me-

diation effect of asthma control (reflected by ACT score) in the 

association between SNOT-22 score or control of CRS symptoms 

(as independent variables) and EQ-5D VAS score (as dependent 

variable) were determined using Sobel’s indirect test for medi-

ation and bootstrapping over our dataset with 1000 iterations. 

When a significant mediation effect was found, we confirmed 

that all arms of the mediation model consisted of statistically 

significant associations. 

Results
Study participants

The demographic and clinical characteristics of our 120 study 

participants are summarized in Table 1. There was a female 

predominance (62.5%) compared to males (37.5%). As expec-

ted, a high fraction of patients tested positive for aeroallergen 

hypersensitivity (68.3%) and had nasal polyps (70.0%). The mean 

SNOT-22 score was 41.5 (SD: 24.1) and only 38.3% rated their 

symptoms to be well-controlled. The mean ACT score was 20.0 

(SD: 5.4) with 34.2% of patients have an ACT score less than 20, 

indicating poor asthma control. The mean EQ-5D VAS was 67.4 

(SD: 21.5). 

Asthma control partially mediates the relationship between 

CRS symptom burden and general health-related QOL

It is well described that the burden of CRS symptoms is associ-

ated with decreased general health-related QOL (1,4). However, 

we sought to determine if the level of asthma control mediates 

this association in asthmatic CRS patients. We first checked the 

relationships between SNOT-22 score, ACT score and EQ-5D VAS. 

Associations between CRS symptom burden (SNOT-22), asthma 

control (ACT score) and general health-related QOL (EQ-5D VAS) 

are shown in Figure 1. In this cohort, ACT score (as dependent 

variable) was associated with SNOT-22 score on univariate (linear 

regression coefficient [b]=-0.09, 95%CI: -0.13 to -0.05, p<0.001) 

and multivariable linear regression (b =-0.09, 95%CI: -0.12 to 

-0.05, p<0.001). EQ-5D VAS (as dependent variable) was also 

associated with SNOT-22 score on univariate (b =-0.36, 95%CI: 

-0.51 to -0.21, p<0.001) and multivariable linear regression (b 

=-0.33, 95%CI: -0.49 to -0.19, p<0.001). EQ-5D VAS (as dependent 
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variable) was found to similarly be associated with ACT score on 

univariate (b =1.40, 95%CI: 0.72 to 2.08, p<0.001) and multiva-

riable linear regression (b =1.07, 95%CI: 0.36 to 1.78, p=0.004). 

Given these significant associations, we assumed a model 

whereby CRS symptoms, as the independent variable, drive 

decreases in QOL and assessed whether the level of asthma con-

trol (at least partially) mediated this relationship. In other words, 

was a portion of the association between CRS symptom burden 

and decreased QOL due to an effect that CRS symptoms may 

have on asthma control that then leads to decreased QOL? We 

found a statistically significant mediation effect for ACT score 

in the association between SNOT-22 and EQ-5D VAS (mediation 

effect = -0.08, 95%CI: -0.15 to -0.02, p=0.012), which represented 

22.1% of the total effect of SNOT-22 on EQ-5D VAS. 

Asthma control partially mediates the relationship between 

CRS symptom control and general health-related QOL

Because CRS symptom burden, although measured on a 

continuum with the SNOT-22, may not necessarily translate 

linearly to general QOL burden (24), we also assessed whether the 

relationship between patient-reported CRS symptom control 

(as a complementary measure to the SNOT-22) and general 

health-related QOL was mediated by asthma control. We again 

first checked the relationships between patient-reported 

control level, ACT score and EQ-5D VAS. We found statistically 

significant associations between well-controlled vs. poorly 

controlled CRS symptoms, ACT score and EQ-5D VAS (Figure 2). 

Specifically, well-controlled CRS symptoms were significantly 

Study participants
(n = 120)

Demographics

Age, mean in years, (SD) 50.2 (17.0)

Gender
     Male
     Female

	
37.5%
62.5%

Smoking 35.8%

Aeroallergen hypersensitivity 68.3%

CRS and asthma characteristics

Nasal polyps 70.0%

Previous sinus surgery 50.0%

Intranasal steroid use 62.5%

Steroid inhaler use 50.0%

SNOT-22 score, mean (SD) 41.5 (24.1)

Patient-reported CRS symptom control
     Poorly controlled
     Well-controlled

61.7%
38.3%

EQ-5D VAS, mean (SD) 67.4 (21.5)

ACT score, mean (SD) 20.0 (5.4)

Table 1. Characteristics of study participants.

Figure 1.  Scatterplots of (A) EQ-5D VAS vs. SNOT-22, (B) ACT score vs. 

SNOT-22, and (C) EQ-5D VAS vs. ACT score.  The dashed lines of best fit 

are superimposed.  

Figure 2.  Bar plots of (A) ACT score and (B) EQ-5D VAS stratified accord-

ing to patient-reported CRS symptom control.  
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associated with higher ACT score on univariate (b =1.61, 95%CI: 

0.82 – 2.41, p<0.001) and multivariable (b =1.55, 95%CI: 0.65 – 

2.44, p=0.001) linear regression and also associated with higher 

EQ-5D VAS on univariate (b =4.18, 95%CI: 2.34 – 6.02, p=0.001) 

and multivariable (b =3.84, 95%CI: 1.83 – 5.84, p<0.001) linear 

regression. These results also suggested the possibility of 

asthma control mediating the relationship between CRS symp-

tom control and decreased QOL in these asthmatic CRS patients. 

When we investigated this possible mediation relationship, we 

found a statistically significant mediation effect for ACT score 

between patient-reported CRS symptom control and EQ-5D VAS 

(mediation effect = 4.08, 95%CI: 1.13 to 7.52, p=0.006), which 

represented 24.9% of the total effect of patient-reported CRS 

symptom control on EQ-5D VAS. 

Discussion
The predominant impact that CRS has on patients is a significant 

QOL detriment—comparable to that caused by other severe 

chronic conditions such as heart disease or diabetes—that is 

due to chronic sinonasal symptomatology (3,4). Further investiga-

tion to determine the mechanisms driving this decrease in QOL 

is paramount to identifying treatment targets for improving 

QOL and ultimately decreasing CRS-related societal costs. We 

have previously surmised and shown that decreased QOL may 

be driven by independent manifestations of the disease, such as 

chronic baseline symptomatology and the frequency of AECRS 
(3,6). Exacerbation of pulmonary disease may be another distinct 

disease manifestation that decreases QOL in affected patients. 

CRS is epidemiologically associated with asthma, with these two 

diseases commonly impacting each other’s natural history of 

disease (5,7,8). CRS in particular has been described as a driver of 

poor asthma outcomes. The severity of CRS symptomatology is 

associated with the degree of asthma control in asthmatic CRS 

patients, independent of patient characteristics or treatment 

with intranasal or inhaled corticosteroids (8). The presence of CRS 

has also been associated with worse pulmonary function testing 

results in asthmatics (9) and increased frequency of asthma 

exacerbations with increased frequency of asthma-related emer-

gency room visits, hospitalizations, and systemic corticosteroid 

use (25). In this study, we sought to determine whether the well-

established relationship between CRS symptom burden and 

decreased QOL could be in part due to (i.e. mediated by) the 

impact of CRS disease burden on the lower airways. We focused 

on asthmatic CRS patients and found that asthma control did 

mediate the relationship between CRS disease burden—symp-

tom burden and symptom control—and decreased general 

health-related QOL. In fact, the effect of CRS in decreasing QOL 

through its impact on asthma control was comparable to (20 – 

25% of ) its direct effect on decreased QOL. 

Past studies have demonstrated the direct impact of the CRS 

disease course to negatively impact comorbid asthma disease 

course. We have previously shown that the CRS symptom bur-

den and AECRS frequency are negatively associated with poor 

asthma control, asthma exacerbation frequency and produc-

tivity loss in asthmatic CRS patients (6-8,26,27). Other studies have 

also shown potentially direct evidence for the downstream exa-

cerbation of pulmonary status by worsening CRS. For example, 

AECRS have been found to frequently precede asthma exacerba-

tions and asthma-related ED visits and hospitalizations (10,28,29).

	

While previous studies have reported a general association 

between CRS and worse pulmonary status in asthmatics (9,25,28) 

our study provides further evidence for the continuum model 

for an interdependent relationship of CRS and asthma whereby 

the real-time status of one may impact or determine the status 

of the other (28). Our study also highlights that worsening pul-

monary status may be a distinct mechanism through which CRS 

may cause a significant decrease in general health-related QOL 

in asthmatic CRS patients, and therefore a potential target for 

improving QOL in asthmatic CRS patients. This is also supported 

by previous work showing that treatment of CRS may improve 

asthma outcomes in asthmatic CRS patients (30,31). Our study pro-

vides a framework for understanding how treatment of CRS may 

impact asthma control and general health-related QOL in asth-

matic CRS patients. Our results establish the relative magnitudes 

of associations between CRS severity, asthma control and the 

QOL detriment further unveiling the complex interplay between 

these diseases. These results also identify asthma control as a 

potentially modifiable factor that can be addressed to improve 

general health-related QOL in asthmatic CRS patients. 

	

Our results should be interpreted in the context of our study 

limitations. This was a cross-sectional study which showed as-

sociation but no causality or responsiveness between changes 

in CRS symptom burden and asthma control. As a complement 

to CRS symptom burden measured by the SNOT-22, we also as-

sessed patient-reported CRS symptom control by simply asking 

participants to rate how controlled their symptoms were. It is 

important recognize that this is not a measure of CRS disease 

control, a far more complex construct that may include not just 

symptom burden but other metrics of disease burden, such 

as acute CRS exacerbation frequency or the need for systemic 

medications (1,32). Our study also did not factor in objective 

measures of CRS or asthma severity. Previous studies have 

shown poor correlation cross-sectionally between CRS symptom 

burden using SNOT-22 and objective CRS burden using nasal 

endoscopy (33). However, there may be an association between 

objective CRS burden and asthma since asthma has been asso-

ciated with worse radiographic CRS burden (33). Nevertheless, we 

feel that the lack of objective metrics of disease does not reduce 

the validity of these results but instead is an exciting avenue 

for future work that is motivated by these results. Additionally, 
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our study is performed in a general population of CRS patients 

and it is possible that the magnitude of mediation effects may 

vary in more distinct subsets of CRS patients based on clinical or 

molecular markers. That our associations were robust to control-

ling for clinical confounders such as the presence of polyps or 

aeroallergen hypersensitivity suggests that the presence of this 

mediation effect - that a portion of the impact of CRS on decre-

ased QOL is through effects on the lower airway in asthmatics 

- will likely be present in most if not all clinically-defined subsets 

of CRS patients.
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