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Purpose: Sinonasal symptoms are prevalent in COPD, and knowledge of the relationship between these symptoms and clinical 
markers of COPD is limited. This study explores the associations between the burden of sinonasal symptoms and clinical markers and 
thresholds recommended for guiding treatment decisions in the GOLD guidelines.
Patients and Methods: Sinonasal symptoms were quantified with the rhinological subscale of the Sino-Nasal-Outcome-Test (SNOT-22) 
in 93 COPD patients characterized by the European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS) 2012 diagnostic criteria for 
rhinosinusitis without nasal polyps (RSsNP). Associations between a high burden, defined as a SNOT22_rhinological score of ≥11, and the 
following markers were assessed by adjusted multivariable linear regressions; severity of dyspnea [modified Medical Research Council 
(mMRC)] and cough [Visual Analogue Scale (VAS)], physical activity [6-minute walking distance (6MWD)], mortality risk (BODE index), 
and HRQoL [disease-specific COPD Assessment Test (CAT) and St. Georges Respiratory Questionnaire (SGRQ), and physical component 
summary, Short Form-36 version 2.0 (PCS SF-36v2)]. Odds ratios for the association of a high burden and threshold levels for regular 
treatment were estimated by adjusted binomial logistic regression models.
Results: A high burden was associated with greater severity of dyspnea and cough, lower 6MWD, higher BODE index and poorer 
HRQoL. The odds ratio of having CAT and SGRQ scores that are above the thresholds recommended for treatment was 5–7-fold 
greater in the high burden group.
Conclusion: A high burden of sinonasal symptoms is positively associated with the clinical markers of symptom severity and 
mortality risk and is inversely associated with physical activity and HRQoL in COPD. These findings add further support that the 
UAD concept also applies to COPD. Enquiry about sinonasal symptoms in COPD patients should be incorporated into the clinical 
routine.
Keywords: united airways disease, chronic nasal symptoms, rhinosinusitis, HRQoL

Introduction
Asthma, COPD, rhinitis and rhinosinusitis (RS) are chronic diseases of the respiratory tract with an estimated global 
prevalence of about 12%.1 Of these, COPD is the most prevalent and is characterized by symptoms, such as dyspnea 
initially on exertion, cough and sputum production, irreversible airflow limitation and acute exacerbations.2 In the 2022 
GOLD report for COPD,3 clinical assessment of the disease is based on the frequency of acute exacerbations and the 
severity of airflow limitation and symptoms. The modified British Medical Research Council (mMRC) scale for dyspnea 
and the COPD assessment test (CAT) are specified as the clinical markers of symptom severity, and health-related quality 
of life (HRQoL) is assessed with the St. Georges Respiratory Questionnaire (SGRQ). Moreover, cut-points of ≥2, 10 and 
25 for the mMRC dyspnea, CAT and SGRQ scores, respectively, have been recommended as thresholds for guiding 
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treatment decisions.3 Additional clinical markers are the six-minute walking distance (6MWD) for physical activity and 
the BODE index, which is a composite index of the Body-mass index, airflow Obstruction, Dyspnea, and Exercise, for 
mortality risk.4

The concept of united airways diseases (UAD) was formulated on the initial observation of the coexistence of allergic 
rhinitis and chronic rhinosinusitis with asthma.5 Moreover, there is increasing evidence that the UAD concept also 
applies to other chronic diseases of the respiratory tract, such as COPD, bronchiectasis, cystic fibrosis, and nasal polyps.6 

For COPD, the reported prevalence of sinonasal symptoms is 40–88%7–10 and the prevalence of rhinosinusitis without 
nasal polyps (RSsNP) is 3-fold greater than in controls.11 Associations with upper airway symptoms,8,10,12,13 rhinitis14 

and chronic rhinosinusitis with and without nasal polyps have been observed,11,15,16 and the latter is associated with 
poorer HRQoL.17 However, knowledge about the relationships between sinonasal symptoms and clinical markers and 
thresholds for guiding treatment decisions is limited.

Thus, the aims of the present study were to explore the associations between the burden of sinonasal symptoms in COPD 
patients who are well characterized for RSsNP and clinical markers for COPD, such as the severity of symptoms, physical 
activity, mortality risk and HRQoL, and the recommended thresholds for guiding treatment decisions of the disease.

Materials and Methods
Study Participants
One hundred and three participants with a COPD diagnosis were recruited for the study from February 2016 to 
December 2017 at St. Olavs hospital, Trondheim University Hospital, Norway.11 All participants were between 40 and 
80 years of age and did not have a history of upper- or lower respiratory tract infection within the previous two weeks, 
acute exacerbation of COPD within the previous six weeks, long-term oxygen therapy or current radio-chemotherapy, 
physician-diagnosed asthma, previous sinonasal surgery or underlying systemic diseases that could affect the nose, such 
as sarcoidosis, granulomatous polyangiitis, cystic fibrosis, and primary ciliary dyskinesia. Thirteen patients with 
reversibility of more than 200 mL and a 12% increase from baseline FEV1 after β2-agonist, restrictive spirometry or 
nasal polyps on endoscopy were excluded from the study. Of the final sample of 90 patients with COPD, RSsNP was 
diagnosed in 46 patients (Figure 1). Informed consent was obtained from all participants, approval was granted by the 
Regional Committee for Medical and Health Research Ethics, Central Norway, REC (reference number 2015/2017) and 
investigations were performed in accordance with the principles of the Declaration of Helsinki/Hong Kong.

Figure 1 Flow chart of the study participants and the subjects excluded. 
Abbreviations: EPOS, European Position Paper on Rhinosinusitis and Nasal Polyps (2012); RSsNP, Rhinosinusitis sin Nasal Polyps.
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Measurements
Self-administered questionnaires were used to collect data on smoking habits and symptoms of allergies affecting the 
airways, symptoms from the upper airway [Sinonasal Outcome Test-22 (SNOT-22)] and generic [Short Form-36 version 2.0 
(SF-36v2)] and disease-specific HRQoL (CAT, SGRQ). Height, weight, spirometry with reversibility test and skin-prick test 
were recorded by trained research nurses. An ENT examination with nasal endoscopy was performed by one of three 
otolaryngologists (M.R.Ø, S.B.D and W.M.T). Details on these measurements have been described previously.11 The grade 
of dyspnea (mMRC), severity of cough [Visual Analogue Scale (VAS)] and 6MWD were also recorded.

Diagnostic Criteria
The clinical diagnosis of RSsNP was made post-inclusion on the presence of the symptomatic criteria and a positive 
nasal endoscopy as outlined in the European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS 2012).18 The 
symptomatic criteria for RS are defined as the presence of two or more sinonasal symptoms, one of which should be 
nasal obstruction and/or nasal discharge, and decreased sense of smell or facial pain/pressure. A positive nasal endoscopy 
is defined as the uni- or bilateral presence of oedema and/or mucopurulent discharge in the middle nasal cavity. The 
diagnosis of COPD was confirmed by the presence of irreversible airflow obstruction, defined as a post-bronchodilator 
FEV1/FVC ratio of <0.7.19 Severity of airflow obstruction was graded according to the GOLD criteria.3 Allergic rhinitis 
was defined as the presence of symptoms of rhinoconjunctivitis on exposure to the specific allergen(s) with a positive 
skin prick test.20

Sinonasal Symptoms
The SNOT-22 incorporates 22 items on nasal and non-nasal symptoms and is the most widely accepted patient-reported 
outcome measure of sinonasal disease.21 A rhinological subscale of the SNOT-22 (SNOT22_rhinological score) was 
constructed by summation of the responses to items 1–5 (need to blow nose, sneezing, runny nose, nasal obstruction, 
loss of taste and smell), and items 7 and 8 (post-nasal discharge and thick nasal discharge). The response to each item was 
scored on a Likert scale from 0 to 5, with 0 indicating “no problem” and 5 indicating “problem as bad as it could be”. The 
subscale has a range from 0 to 35 and has been validated for the measurement of the burden of sinonasal symptoms.21–23

Clinical Markers in COPD
Symptom Severity
Dyspnea was graded using the mMRC 5-point scale from “none” (grade 0) to “almost complete incapacity” (grade 4).24 

Cough severity was measured on a VAS from 0 (cough not troublesome) to 100 mm (cough worst thinkable 
troublesome).25

Physical Activity
The 6MWD was measured in accordance with the standard protocol with modifications.26 The latter were a shorter 
walking lap of 50 m instead of 60 m and the Borgs scale for dyspnea and fatigue was not recorded. Participants rested for 
10 min before the test and then followed a straight corridor with a length of 25 m which was marked every 5 m. The 
turnaround points were set up with a red cone, and the distance walked in 6 minutes was recorded. Standardized phrases 
of encouragement were given during the test.

Mortality Risk
The BODE index is a composite score from BMI, FEV1% predicted post-bronchodilator, severity of dyspnea (mMRC) and 
exercise capacity (6MWD) and has a range from 0 to 10.27 A high score indicates a higher risk of death from any cause.27

HRQoL
Disease-specific HRQoL for COPD was measured by the CAT and the SGRQ questionnaires. The range of the total score 
is from 0 to 40 for the former and from 0 to 100 for the latter questionnaire, and high scores are indicative of poorer 
HRQoL.28
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Generic HRQoL was assessed by the SF-36v2.29 The physical component summary (PCS) measures self-perceived 
physical HRQoL and is derived from the scales for the domains of physical functioning (PF), role participation with 
physical health problems (RP), bodily pain (BP) and general health (GH). A high score is indicative of better self- 
perceived physical HRQoL.

Threshold Levels
A CAT score ≥10 and a SGRQ score ≥25 are the thresholds recommended by GOLD for considering regular treatment of 
symptoms.3,30 An mMRC of ≥2 is often used as the threshold for clinically significant dyspnea or moderate-severe 
dyspnea and is incorporated in the ABCD assessment tool in guiding treatment decisions.3,31 A BODE index ≥3 has been 
suggested as a cut-point associated with higher mortality risk.32–34

Statistical Analysis
Statistical analyses were performed using SPSS Statistics 27 (Statistical Packages for the Social Sciences, IBM 
Corporation, USA). Statistical significance was set at a p value of 0.05. A SNOT22_rhinological score of ≥11 was 
defined as a high burden of sinonasal symptoms. This cut-off was based on the results of a receiver operating 
characteristic (ROC) curve of SNOT22_rhinological score; the AUC was 0.87 (95% confidence interval 0.79–0.94, 
p < 0.001) and the sensitivity and specificity of the cut-off for a diagnosis of RSsNP were 72% and 82%, respectively. 
The dataset was analysed by the burden of sinonasal symptoms. Categorical data are presented as frequencies and 
proportions and compared using the chi square test. Continuous data were inspected for normality by use of histograms 
with normality curve and presented as means and standard deviations (SD) and compared by the Student t test. The 
mMRC dyspnea grade and BODE index were handled as continuous variables.27 Multivariable linear regression models 
were used to explore the associations between a high burden of sinonasal symptoms and the clinical markers for 
severity of symptoms, physical activity, mortality risk and HRQoL scores. Potential covariates were age, sex, FEV1% 
predicted, BMI, smoking and allergy. The latter two were excluded from the regression models; smoking pack-years 
was not significantly associated with any clinical marker in unadjusted regression analysis (data not shown), and the 

Table 1 Subject Characteristics for COPD Patients and by Burden of Sinonasal Symptoms

COPD All High Burden Low Burden p-value

Subjects n (%) 90 41 (45.6) 49 (54.4)

Male n (%) 49 (54.4) 26 (63.4) 23 (46.9) 0.12
Age, y mean ±SD 66.2 ±8.7 67.7 ±7.4 64.8 ±9.6 0.1

Pack-years smokeda mean ±SD 28.6 ±20.9 30.7 ±24.2 26.8 ±17.8 0.4

Current smoker n (%) 17 (18.9) 9 (22) 8 (16.3) 0.5
Former/never smoker n (%) 68 (75.6) 32 (78) 41 (83.7)

BMI, kg/m2 mean ±SD 27.0 ±5.4 27.0 ± 6.0 27.1 ±4.8 1.0
Normal n (%) 35 (38.9) 18 (43.9) 17 (34.7)

Overweight n (%) 36 (40) 13 (31.7) 23 (46.9)

Obese n (%) 19 (21.1) 10 (24.4) 9 (18.4)
Allergic Rhinitis n (%) 5 (5.6) 3 (7.3) 2 (4.1) 0.7

FEV1, % predicted n (%) 53.1 ±18.7 48.9 ±18.5 56.7 ±18.3 0.049

GOLD 1 n (%) 7 (7.8) 2 (4.9) 5 (10.2)
GOLD 2 n (%) 40 (44.4) 16 (39) 24 (49)

GOLD 3 n (%) 33 (36.7) 15 (36.6) 18 (36.7)

GOLD 4 n (%) 10 (11.1) 8 (19.5) 2 (4.1)
SNOT22_rhinological score mean ±SD 10.4 ±6.6 16.4 ±4.0 5.3 ±3.2 <0.001

Positive nasal endoscopy n (%) 63 (70) 33 (80.5) 30 (61.2) 0.047

Notes: High burden: SNOT22_rhinological score ≥11; Low burden: SNOT22_rhinological score <11; aMissing data on 1 subject in the high burden and 
2 subjects in the low burden group for pack-years smoked. 
Abbreviations: BMI, body mass index; FEV1%, forced expiratory volume in 1 s; GOLD, Global Initiative for Chronic Obstructive Lung Disease; SNOT- 
22, Sino Nasal Outcome Test-22.
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prevalence of allergic rhinitis was not significantly different between high and low burden groups (Table 1). Age and 
FEV1% predicted were modelled as continuous variables, and BMI was modelled as a categorical variable. FEV1% 
predicted and BMI were omitted from the regression model for the BODE index as these variables are included in the 
latter. The assumptions of linear regression were verified using residual plots and tests of normality for the distribution 
of residuals.

Binomial logistic regression models were performed to estimate the odds ratios (OR) for the association between 
a high burden of sinonasal symptoms, adjusted for the same covariates as in the multivariable linear regression models, 
and the likelihood of requiring regular treatment of COPD (SGRQ ≥25 and CAT ≥10), having clinically significant 
dyspnea/moderate-severe dyspnea (mMRC of ≥2) and higher risk of mortality (BODE index ≥3). The adjusted regression 
model for BODE index was performed with age and sex as covariates.

Results
Of 90 patients with COPD, 41 (45.6%) had a high burden of sinonasal symptoms. In this group, the 
SNOT22_rhinological score was 3-fold greater (p < 0.001), 81% had a positive nasal endoscopy for rhinosinusitis 
(p = 0.047) and FEV1% predicted was significantly lower (p = 0.049) than in the low burden group. Other subject 
characteristics were not significantly different between the groups (Table 1).

Symptom Severity, Physical Activity and Mortality Risk in COPD
The grade of dyspnea was 1.7-fold and the severity of cough was 2.5-fold greater, the 6MWD was lower and the BODE 
index was 1.5-fold greater in the high burden than in the low burden group (Figure 2).

In adjusted multivariable regression analysis, a high burden of sinonasal symptoms was significantly associated with 
greater severity of dyspnea (β 0.5; 95% CI 0.15 to 0.86, p = 0.006) and cough (β 20.9; 95% CI 9.7 to 32.0, p < 0.001), 
lower 6MWD (β −59; 95% CI −102 to −15.6, p = 0.008) and higher score of the BODE index (β 0.96; 95% CI 0.07 to 
1.86, p = 0.08) (Table 2).

HRQoL
Disease-specific and generic physical HRQoL were significantly poorer in the group with a high burden than in the group 
with a low burden of sinonasal symptoms, with higher CAT and SGRQ and lower SF-36 PCS scores in the former group 
(Figure 3). In multivariable regression analysis, a high burden of sinonasal symptoms was significantly associated with 
higher disease-specific and lower generic HRQoL scores after adjusting for age, sex, FEV1% predicted and BMI 
(Table 2).

Threshold Levels
The proportion of patients with threshold scores for treatment indication, moderate-severe dyspnea and risk of mortality 
was greater in the high burden than in the low burden group; 93% vs 63% (p = 0.002) for the CAT ≥10, 90% vs 63% (p = 
0.003) for the SGRQ ≥25, 51% vs 31% (p = 0.047) for the mMRC ≥2 and 54% vs 29% (p = 0.02) for the BODE 
index ≥3.

In adjusted logistic regression analyses, the high burden group was 7, 5 and 3 times more likely to have CAT, SGRQ 
and BODE index scores above the threshold levels. The association between a high symptom burden and a score for 
mMRC above the threshold level was not statistically significant (Figure 4).

Discussion
This study shows an association between sinonasal symptoms and clinical markers of symptom severity, physical 
activity, mortality risk and HRQoL in COPD. The novel finding is that the burden of sinonasal symptoms is important 
for these associations. In adjusted multivariable regression analysis, a high burden of sinonasal symptoms was associated 
with greater severity of dyspnea and cough, lower 6MWD, higher BODE index and poorer disease-specific and generic 
physical HRQoL. Moreover, the high burden group had a 5–7-fold greater likelihood of having CAT and SGRQ scores 
that are above the thresholds recommended for treatment in the GOLD 2022 guideline.
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The present study extends the findings of past studies on the association of nasal symptoms with clinical markers of 
symptom severity in COPD. Of those studies, nasal symptoms were not associated with dyspnea and cough in one 
study,10 but were associated with an increased grade of dyspnea on the mMRC scale and poorer HRQoL assessed by the 
SGRQ in the other study.7 Nasal symptoms were quantified as a nasal score derived by summation of the binary response 
to 5 symptoms (nasal obstruction, nasal discharge, post-nasal discharge, decreased sense of smell, sneezing) in the former 
study,10 and were defined as the presence of at least one of three symptoms (nasal obstruction, nasal discharge and 
decreased sense of smell) in the latter study.7 In contrast, the rhinological subscale of the SNOT-22 in the current study 
quantifies the presence as well as the subjective degree of severity of sinonasal symptoms and is validated for the 
measurement of symptom burden.21,22 Moreover, the present study shows that the association between sinonasal 

Figure 2 Clinical markers for Symptom severity [dyspnea (A), cough (B)], Physical activity (C) and Mortality risk (D) in patients by burden of sinonasal symptoms. 
Notes: Data presented as mean ±SD. p-values are calculated using the Student t test. High burden: SNOT22_rhinological score ≥11; Low burden: SNOT22_rhinological 
score <11. Missing 6MWD data for 2 subjects in low burden group. 
Abbreviations: mMRC, modified Medical Research Council; VAS, Visual Analogue Scale; BODE, body mass index, airflow obstruction, dyspnea, exercise capacity.
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symptoms and clinical markers of symptom severity is dependent not only on the presence but also on the burden of 
these symptoms.

The association of a high burden of sinonasal symptoms with increased severity of dyspnea and cough may have 
pathophysiological and clinical relevance for COPD. An increase in upper airway resistance secondary to nasal 
obstruction may play a role in the pathogenesis of dyspnea.35,36 Post nasal discharge may lead to cough and is an 

Table 2 Associations Between a High Burden of Sinonasal Symptoms and Clinical Markers for Symptoms, Physical Activity, Mortality 
Risk and HRQoL in COPD

Symptom Severity Physical 
Activity

Mortality 
Risk

HRQoL

CLINICAL MARKERS DYSPNEA 

(mMRC)

COUGH 

(VAS)

6MWD BODE index CAT SGRQ SF-36 PCS

Variablesa B coefficient B coefficient B coefficient B coefficient B coefficient B coefficient B coefficient
95% CI 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
p-value p-value p-value p-value p-value p-value p-value

Unadjusted analysis

High burden vs low 

burden

0.69 20.2 −71.0 1.0 7.9 13.3 −5.7

0.25 to 1.13 9.8 to 30.5 −125.0 to −16.9 0.08 to 1.8 4.8 to 11.0 5.9 to 20.8 −9.5 to −1.8
0.002 <0.001 0.011 0.03 <0.001 <0.001 0.004

Increasing age 0.03 0.17 −6.5 0.06 0.19 0.44 −0.29

0.007 to 0.06 −0.48 to 0.81 −9.5 to −3.4 0.003 to 0.11 −0.01 to 
0.39

−0.007 to 
0.9

−0.51 to 
−0.07

0.013 0.6 <0.001 0.04 0.065 0.053 0.01

Sex: male vs female −0.11 −0.6 52.6 −0.4 0.82 5.9 −2.9
−0.56 to 0.36 −11.8 to 10.6 −2.5 to 107.7 −1.3 to 0.6 −2.7 to 4.3 −2.0 to 13.8 −6.8 to 1.1

0.7 0.9 0.06 0.5 0.7 0.14 0.16

FEV1% −0.03 −0.17 3.06 −0.16 −0.5 0.22
−0.04 to −0.02 −0.47 to 0.12 1.7 to 4.4 −0.25 to 

−0.08

−0.7 to −0.3 0.12 to 0.31

<0.001 0.3 <0.001 <0.001 <0.001 <0.001
BMI: OW vs normal −0.09 −1.2 5.7 −0.66 0.6 0.13

−0.6 to 0.4 −12.6 to 10.2 −51.2 to 62.7 −4.3 to 2.9 −7.5 to 8.7 −4.0 to 4.2

0.7 0.8 0.8 0.7 0.9 1.0
BMI: Obese vs normal 0.78 −2.7 −73.9 0.8 7.0 −4.1

0.24 to 1.32 16.4 to 11.0 −141.5 to −6.3 −3.5 to 5.1 −2.7 to 16.6 −9.0 to 0.7
0.005 0.7 0.03 0.7 0.16 0.09

Adjusted analysis

DYSPNEA 

(mMRC)

COUGH 

(VAS)

6MWD BODE index CAT SGRQ SF-36 PCS

B coefficient B coefficient B coefficient B coefficient B coefficient B coefficient B coefficient

95% CI 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI

p-value p-value p-value p-value p-value p-value p-value

High burden vs low 

burden

0.50 20.9 −59.0 0.96 7.1 10.0 −3.8

0.15 to 0.86 9.7 to 32.0 −102.0 to −15.6 0.07 to 1.86 4.0 to 10.3 3.0 to 16.9 −7.5 to −0.2
0.006 <0.001 0.008 0.036 <0.001 0.006 0.04

Adjusted R2 0.46 0.10 0.46 0.08 0.27 0.31 0.25

Notes: High burden: SNOT22_Rhinological score ≥11. Low burden: SNOT22_Rhinological score <11. Dyspnea, cough, 6MWD, CAT, SGRQ and PCS were adjusted for 
high burden, age, sex, FEV1% predicted and BMI. BODE index was adjusted for high burden, age and sex. aContinuous variables: age, FEV1% predicted. Categorical variables: 
Sinonasal burden [high vs low], sex [male vs female], BMI [overweight (OW) vs normal weight and obese vs normal weight]. 
Abbreviations: mMRC, modified Medical Research Council; 6MWD, 6 Minute Walking Distance; BODE, body mass index, airflow obstruction, dyspnea, exercise capacity; 
CAT, COPD Assessment Test; SGRQ, St. Georges Respiratory Questionnaire; SF-36 PCS, Short Form-36 Physical Component Summary.
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added risk of instigating acute exacerbations.37–39 Conversely, population-based longitudinal studies over 5 years have 
suggested that COPD is a risk factor for developing nasal symptoms14 and chronic RSsNP.40 Furthermore, an increase in 
the prevalence of nasal symptoms over the course of 8 years has been reported in a cohort study.41 Moreover, nasal 
symptoms (SNOT items 1–8), degree of dyspnea (mMRC) and HRQoL (CAT score) were significantly improved after 8 
weeks of daily anti-inflammatory treatment with nasal budesonide in a recent clinical trial in stable COPD patients.42 

Thus, clinicians should be aware of the high prevalence of sinonasal symptoms in COPD, and enquiry about their 
presence in these patients should be a routine in clinical practice. Early recognition and treatment of sinonasal symptoms 
may contribute to optimising the management of COPD.

Another novel finding of our study is that COPD patients with a high burden of sinonasal symptoms had significantly 
reduced 6MWD (Figure 2C) and poorer PCS-SF36 (Figure 3). The former is an objective assessment of physical activity, 
and the latter is a subjective assessment of generic physical HRQoL, and both markers were significantly associated with 
the burden of sinonasal symptoms after adjustments for lung function, age, sex and BMI. It can be speculated whether 
upper and lower airway symptoms have an additive or synergistic effect that may promote behavioural change into 
a more sedentary lifestyle to avoid exertional dyspnea.43,44 If this hypothesis is valid, the finding raises the intriguing 

Figure 3 Scores for disease-specific (CAT, SGRQ) and generic physical (SF-36 PCS) HRQoL by burden of sinonasal symptoms. 
Note: p-values are calculated using the Student t test. High burden: SNOT22_rhinological score ≥11; Low burden: SNOT22_rhinological score <11. 
Abbreviations: CAT, COPD Assessment Test; SGRQ, St. Georges Respiratory Questionnaire; SF-36 PCS, Short-Form-36 Physical Component Summary.

Figure 4 Adjusted odds ratios for high threshold levels in the group with high burden of sinonasal symptoms. 
Notes: CAT ≥10, SGRQ ≥25 and mMRC ≥2 were adjusted for high burden (SNOT22_rhinological ≥11), age, sex, FEV1% predicted and BMI. BODE index was adjusted for 
high burden, age and sex. 
Abbreviations: CAT, COPD Assessment Test; SGRQ, St. Georges Respiratory Questionnaire, BODE, body mass index, airflow obstruction, dyspnea, exercise capacity; 
mMRC, modified Medical Research Council.
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question of whether awareness about and treatment of sinonasal symptoms may result in alleviation of dyspnea and thus 
increased physical activity. The latter has been reported to be the strongest predictor of all-cause mortality in 
a prospective cohort study of COPD patients.45 Improvement in the grade of dyspnea after 8 weeks of nasal corticoster
oid therapy in a pilot study of COPD patients42 is a promising result that requires confirmation in a larger study.

We found a significant association between a high burden of sinonasal symptoms and higher scores for CAT and 
SGRQ and thus poorer disease-specific HRQoL. This is of significant interest as a recent review highlighted a knowledge 
gap regarding the impact of sinonasal symptoms on HRQoL in COPD.46 Past studies have used instruments such as the 
total SNOT-20,8,47 the SNAQ-11 score48 and the SNOT22-nasal symptom subscore15 to quantify sinonasal symptoms. 
The inclusion of cough, fatigue and sleep in those instruments is a limitation as these items are not specific for the nose 
and sinuses. In contrast, the rhinological subscale of the SNOT-22 in the present study does not include any of those 
items, and the cut-off for a high burden was based on an analysis of the ROC curve. Moreover, COPD patients with 
a high burden of sinonasal symptoms were 5–7 times more likely to have SGRQ and CAT scores that are above the 
threshold indicating the need for regular treatment of lower airway symptoms. These results suggest that sinonasal 
symptoms do contribute to poorer HRQoL, implying that diagnosis and treatment of concomitant rhinosinusitis may have 
clinical benefits in COPD.

In the present study, the cut-off value for a high burden of sinonasal symptoms was set at a rhinological subscale 
score of ≥11. With this cut-off, 46% of subjects had a high burden of sinonasal symptoms, which is comparable with the 
finding of 42% in the study by Obling et al.49 Although quantification of symptoms was similar, the rationale for the cut- 
off value was different for the two studies. The cut-off value in the present study was based on an analysis of a ROC 
curve for the diagnosis of RSsNP, whereas the cut-off value in that study was set at ≥6 to reflect the presence of mild 
symptoms in several items and/or moderate symptoms in a few items. In our opinion, the cut-off in that study is too low 
for a definition of a high burden of sinonasal symptoms, as a response of very mild (score of 1) to the 7 items in the 
subscale would give a total score of 7 and thus categorization as a high burden. The reliability and reproducibility of our 
cut-off value should be investigated in future research.

The choice of the rhinological subscale for the assessment of sinonasal symptoms is a strength of our study. This 
instrument does not assess cough and symptoms of fatigue and sleep and is validated for the assessment of sinonasal 
symptoms. Another strength is that the burden of sinonasal symptoms is not confounded by nasal polyps which is 
a different phenotype of chronic rhinosinusitis and known to be associated with sinonasal symptoms.50 Finally, blinding 
of the otolaryngologist for the presence of sinonasal symptoms and the severity of airflow limitation reduces the risk of 
bias concerning the outcome of the nasal endoscopic examination and hence the clinical diagnosis of RSsNP. Some 
limitations should also be addressed. The cross-sectional design precludes a conclusion on the causality of the association 
between sinonasal symptoms and COPD. However, causality has previously been suggested in a longitudinal follow-up 
study and two large population-based studies where COPD was associated with an increased risk of developing more 
nasal symptoms,41 non-infectious rhinitis14 and chronic RSsNP.40 Furthermore, we did not collect data on exacerbations, 
an important outcome in COPD, nor did we examine pathobiological mechanisms and the sample size was relatively 
small. Another limitation could be that we assessed cough using a simple VAS for cough severity. Despite being one of 
the most widely used tools in the clinic and in research,51,52 there are limited data for the generalizability of its validity.25

Conclusion
A high burden of sinonasal symptoms is positively associated with the clinical markers of symptom severity and 
mortality risk and is inversely associated with physical activity and HRQoL in COPD. These findings add further 
support that the UAD concept also applies to COPD. Enquiry about sinonasal symptoms in COPD patients should be 
incorporated into the clinical routine.
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