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Background: Chronic obstructive pulmonary disease (COPD) is now recognized as a systemic disorder with many comorbidities. 
Atopy in patients with COPD and upper airways symptoms has not been characterized.
Objective: We investigated the occurrence and impact of aeroallergen sensitisation in patients with COPD and upper airways 
symptoms. 
Methods: All 41 subjects with COPD diagnosed as per Global Initiative for Chronic Obstructive Lung Disease guidelines, 
underwent spirometry with reversibility, computed tomography of the paranasal sinuses (CT-PNS), skin prick test (SPT) against 
common aeroallergens and responded to St. George’s Respiratory Questionnaire (SGRQ) and Sino Nasal Outcome Test - 22 (SNOT-22) 
questionnaires. Upper airways symptoms were assessed as per the Allergic Rhinitis and its Impact on Asthma guidelines.
Results: As documented earlier, 27 of the 41 patients (65.9%) with COPD had upper airways symptoms. Of these 27 patients, 11 
had SPT positivity against at least one aeroallergen (group 1). One patient had monosensitisation to pollens of grass Imperata while 
polysensitisation was seen in 10/11 patients commonly to weeds, trees, and insects. Fungal sensitisation to Aspergillus fumigatus 
was seen in 3 of 11 patients (27.2%). In group 1, all 11 patients (100%) had radiological sinusitis as compared to 8 of 16 (50%) in 
group 2. The mean CT-PNS scores were significantly higher in group 1 as compared to group 2. Similarly, the SNOT-22 scores were 
significantly higher in group 1 as compared to group 2. However, there was no difference in SGRQ scores between the 2 groups. In 
group 1, there was a significant correlation between CT-PNS and SNOT-22 scores.
Conclusion: Patients with COPD, associated upper airways symptoms and a positive SPT had a significantly higher frequency of 
radiological sinusitis on CT-PNS. They even had worse quality of life as compared to those with a negative SPT. The study suggested 
that atopic patients with COPD and upper airways involvement were more symptomatic. It is therefore possible that upper airways 
symptoms, if left untreated, would result in less than desirable control of the disease. 
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INTRODUCTION

“Bronchodilation and emphysema” were the terms used by 
Laennec [1] in 1819 to describe the anatomical changes that 
we now recognize as chronic obstructive pulmonary disease 
(COPD). It is well known that COPD affects many systems and 
is now considered as a systemic disorder [2]. A mounting 
body of evidence has highlighted the occurrence of upper 
airways symptoms in patients with COPD, a feature that would 
undoubtedly add to the morbidity of the disease [3]. The 
prevalence of upper airways symptoms in patients with COPD is 
estimated to vary from 40%–88% [4-7]. 

Atopy refers to a heightened predisposition to develop an 
allergic response on exposure to allergens. Orie and Sluiter [8] 
from The Netherlands first highlighted the concept of atopy in 
patients with COPD in 1961. He envisaged that both COPD and 
asthma were different expressions of the same disease entity. This 
concept suggests that atopy and bronchial hyperresponsiveness 
were involved in the pathogenesis of COPD and this surmise was 
popularized by Fletcher and Pride [9] as the “Dutch hypothesis.” 
Patients with atopy have a greater degree of reversibility on 
spirometry, better response to inhaled steroids but a higher 
exacerbation rate [10]. The frequency of atopy in COPD has been 
reported in 18%–42% [11-13] of patients. In this same group of 41 
patients with COPD, we had earlier reported that upper airways 
symptoms occurred in 27 (65%) and that these patients had a 
poorer QoL [14]. We now present data in these patients on the 
frequency and effect of sensitization to common aeroallergens in 
terms of computed tomography of the paranasal sinuses (CT-PNS) 
scores and its impact on QoL. To our knowledge, these aspects 
are yet to be documented.

MATERIALS AND METHODS

Study population
This study recruited newly referred smokers, 35 years and 

above diagnosed with COPD as per the Global Initiative 
for  Chronic  Obs t ruc t ive  Lung Disease  [2]  guidel ines 
(postbronchodilator forced expiratory volume in one second 
[FEV1]/forced vital capacity [FVC] < 70%). Patients were stable and 
ambulatory but those with significant reversibility on spirometry 
or with complications like respiratory failure, cor pulmonale, or 
significant comorbidities were excluded. In addition, patients 

with respiratory symptoms since childhood and persisting up 
to 35 years of age were also excluded. Allergic Rhinitis and its 
Impact on Asthma [15] workshop report was used to assess and 
document the presence of upper airways symptoms in these 
patients. 

Study design 
Cardinal symptoms of respiratory diseases and upper airways 

symptoms were recorded in all patients. They were also subjected 
to spirometry with reversibility testing [16], SPT against common 
aeroallergens [17] and noncontrast CT-PNS. CT-PNS was scored 
as per the staging system enunciated by Lund and Kennedy 
[18]. Each sinus group was graded as 0 (no abnormality), 1 
(partial opacification), and 2 (total opacification). The ostiomeatal 
complex scored only as 0 (not occluded) or 2 (occluded). 

QoL in these patients were assessed through St. George’s 
Respiratory Questionnaire (SGRQ) [19] and Sino Nasal Outcome 
Test - 22 (SNOT-22) [20] questionnaires. Subjects who had 
received oral corticosteroids and/or antihistaminic drugs within 
a month prior to enrollment were excluded. None had ever used 
inhaled medications and/or intranasal corticosteroid sprays prior 
to inclusion 

Grouping of study subjects
Patients with COPD and upper airways symptoms were 

divided into 2 groups: group 1, those with positive SPT against 
at least one aero-allergen; group 2, those with negative SPT. 
In both groups, radiological sinusitis was defined as per the 
European Position Paper on Rhinosinusitis and Nasal Polyps 2012 
[21] criteria along with relevant clinical and CT-PNS findings. 

Ethics
Patients were recruited after obtaining voluntary, informed 

and written consent. The study was approved by the institutional 
human ethics committee.

Skin prick tests
SPT was performed against 67 aero-allergens commonly 

encountered in our surroundings. The various groups of allergens 
included pollens (grasses, trees, weeds), dust (including house 
dust mite), fungi, and insects. Histamine dihydrochloride (10 mg/
mL) was used as a positive control and while buffered saline was 
used as negative control. These allergens including positive and 
negative controls were applied on the volar aspect of the forearm 
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and read 15–20 minutes post application. A wheal diameter ≥ 
3 mm greater than the negative control was considered to be 
positive [17].

Symptom severity and quality of life assessment
A datasheet detailing all the cardinal respiratory as well as 

upper airways symptoms and the information regarding presence 
and duration of the above symptoms along with smoking 
habits was filled in for all patients by the same investigator. 
QoL assessment was done through SGRQ [19] and SNOT-22 [20] 
questionnaires. Investigations for all patients were recorded along 
with the questionnaires.

St. George’s Respiratory Questionnaire
SGRQ [19] comprises 50 items with 76 weighted responses 

with three subclasses: symptoms (8 items), activity (16 items), and 
impacts (26 items).  Symptoms deal with the frequency and the 
severity of respiratory manifestations, activity relates to activities 
that cause or are limited by breathlessness and impacts covers 
aspects of social functions and psychosocial disturbances. Scores 
for all these subclasses as well as overall score was calculated. For 
each subscale and for overall questionnaire, scores range from 0 
to 100 (nil to maximum impairment).

SNOT-22 questionnaire

SNOT-22 [20] questionnaire comprising 22 items, graded on 
a 5-point scale from “no problem” to “problem as bad as it can 
be,” assessed rhinosinusitis and its impact. The resultant sum was 
divided by 22 to yield SNOT-22 scores between 0 and 5.

Statistical analysis
Data was analyzed with SPSS ver. 11.5 (SPSS Inc., Chicago, IL, 

USA). Differences in symptoms, CT-PNS scoring, SNOT-22 and 
SGRQ scores between patients in both the groups were analyzed 
using the chi-square test. Student t test was used for continuous 
data. Pearson correlation test determined the correlation 
between CT-PNS and SNOT-22 scores. A significance level of p < 
0.05 was accepted for all analysis. 

RESULTS

Of the total of 41 consecutive patients with COPD including 
two females, 27 (65.9% [26 male and 1 female patient]; mean age, 
55.7 years) had upper airways symptoms. Of these 27 patients 
with upper airways symptoms, 11 (40.7%) had a positive SPT 
(group 1). The demographic characteristics are detailed in Table 1. 

Table 1. Demographic, baseline characteristics and quality of life scores in patients with COPD and upper airways symptoms 

Variable
Positive SPT (group1) Negative SPT (group2)

p value
(n = 11) (n = 16)

Age (yr) 54.5 ± 10.3 56.5 ± 8.81

Male sex 11 (100) 15 (93.7)

Duration of symptoms (yr) 5.7 ± 4.6 9.8 ± 9.1 0.18

Age of onset of symptoms (yr) 48.5 ± 11.9 47.8 ± 10.9 0.85

Current smokers 4 (36.3) 5 (31.2)

Duration of smoking (yr) 26.8 ± 11.9 40 ± 12 0.01*

Pack years of smoking 29 ± 19.3 29.8 ± 29.6 0.93

Absolute eosinophil count (cells/mm3) 507.01 ± 400.69 216.81 ± 118.05 0.01*

Postbronchodilator FEV1 (L) 1.70 ± 0.73 1.84 ± 0.92 0.67

Postbronchodilator FVC (L) 2.93 ± 0.96 3.30 ± 0.52 0.20

Postbronchodilator FEV1/FVC ratio 50.9 ± 13.85 50.7 ± 8.7 0.96

CT-PNS scores 4.18 ± 3.54 0.81 ± 1.05 0.001*

Values are presented as mean ± standard deviation or number (%).
COPD, chronic obstructive pulmonary disease; SPT, skin prick test; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; CT-PNS, computed 
tomography of the paranasal sinuses. 
*p < 0.05, statistically significant difference.  
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Symptomatology

The clinical symptomatology including the upper airways 
symptoms and the cardinal respiratory symptoms have been 
documented in Table 2. There was no significant difference in the 
mean duration of symptoms in both groups (group 1 vs. group 2, 
5.7 ± 4.6 vs. 9.8 ± 9.1; p = 0.18).

Smoking characteristics, spirometry, and eosinophils
The baseline characteristics of patients are depicted in Table 

1. There was no significant difference in age of onset, disease 
duration, smoking characteristics, postbronchodilator FVC and 
FEV₁/FVC ratio between the 2 groups. Absolute eosinophil counts 
were significantly higher in group 1 patients as compared to 
those in group 2 (p = 0.001).

 CT-PNS
Radiological sinusitis on CT-PNS was observed in 19 of 27 

patients (70.4%) with upper airways symptoms while mucosal 

thickening was detected in 3 of 14 patients (21.4%) in those 
without upper airways symptoms (p = 0.003). Radiological 
sinusitis was seen in all 11 patients (100%) in group 1 as compared 
to 8 of 16 patients (50%) in group 2 (p = 0.005). Mean CT-PNS 
scores in group 1 was significantly higher (4.18 ± 3.54 vs. 0.81 ± 
1.05, p = 0.001). 

Skin prick test
SPT was positive in 11 of 27 patients (40.7%) with upper airways 

symptoms (group 1) while it was positive in only 1 patient (1 of 
14, 7.1%) in those without upper airways symptoms (p = 0.02). 
In group 1, mono sensitisation was seen in 1 of 11 patients 
(against Imperata) while 10 of 11 patients had poly sensitisation. 
Sensitisation to only 1 group of allergen was seen in 1 of 11 
patients, 5 aeroallergen groups in 3 of 11 patients, 6 groups in 
5 of 11 patents and 7 groups in 2 of 11 patients. Sensitisation to 
pollens of weeds and trees was seen in 10 of 11 patients (90.9%) 
each and those of grasses in 8 of 11 (72.7%). This was followed by 
sensitisation to insects in 10 of 11 (90.9%), dust in 9 of 11 (81.8%), 
fungal allergens in 8 of 11 (72.7%), and house dust mite in 6 of 
11 patients (54.6%). The most common allergen among grasses 
was Sorghum in 5 of 11 (45.5%), among weeds Adhatoda in 5 of 
11(45.5%), and in trees Holoptelia in 4 of 11 patients (36.4%). The 
most common allergen in dust group included house dust and 
wheat dust in 5 of 11 patients (45.5%) each. Among the fungal 
allergens, sensitisation to Fusarium was most common in 4 of 
11 patients (36.4%) followed by Aspergillus fumigatus in 3 of 11 
patients (27.2%). House fly and mosquito were the most common 
insect allergen to which sensitisation was seen in 6 of 11 patients 
(54.6%) each. 

Quality of life assessment
The QoL indices as evidenced by SGRQ [19] and SNOT-22 [20] 

are detailed in Table 3.

SGRQ scores
There was no significant difference in the total SGRQ as well as 

symptoms, activity and impact scores between the 2 groups.

SNOT-22 scores
The SNOT-22 scores were significantly higher in group 1 than group 

2 (1.15 ± 0.23 vs. 0.67 ± 0.30, p = 0.0002). In those with a positive SPT 
(group 1) and radiological sinusitis (11 of 11), there was a strong positive 
correlation between CT-PNS and SNOT-22 scores (r = 0.70, p = 0.01).

Table 2.  Clinical symptomatology in patients with COPD and upper 
airways symptoms

Variable
Positive SPT

(group1) 
Negative SPT 

(group 2) 

(n = 11) (n = 16)
Upper airways symptoms

Nasal discharge 11 (100) 16 (100)

Postnasal drip 11 (100) 13 (81.2)

Sneezing 10 (90.9) 13 (81.2)

Nasal blockage 6 (54.5) 7 (43.7)

Itchy nose 4 (36.4) 0 (0)*

Headache 6 (54.5) 8 (50)

Itchy eyes 6 (54.5) 7 (43.7)

Snoring 5 (45.5) 6 (37.5)

Mouth breathing 2 (18.2) 2 (11.1)

Lower respiratory symptoms

Breathlessness 11 (100) 16 (100)

Cough 11 (100) 16 (100)

Sputum production 9 (81.2) 13 (81.2)

Wheezing 8 (72.7) 11 (68.7)

Chest pain 2 (18.1) 1 (6.3)

Values are presented as number (%).
COPD, chronic obstructive pulmonary disease; SPT, skin prick test.
*p < 0.05, statistically significant difference.  
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Atopy, sinusitis, and QoL

There was no significant difference in the SGRQ total (group 1 
vs. group 2, 55.6 ± 18.2 vs. 57.5 ± 23; p = 0.84), symptom (group 1 
vs. group 2, 61.2 ± 22.62 vs. 71.4 ± 17.1; p = 0.27), activity (group 1 
vs. group 2, 72.7 ± 17.9 vs. 80.1 ± 23.5; p = 0.44), and impact score 
(group 1 vs. group 2, 40.9 ± 22.9 vs. 43.5 ± 24.7; p = 0.81) between 
patients with radiological sinusitis in groups 1 and 2. However, 
the SNOT-22 scores were significantly higher in patients with 
radiological sinusitis in group 1 as compared to group 2 patients 
(group 1 vs. group 2, 1.15 ± 0.23 vs. 0.56 ± 0.30; p = 0.0001).

DISCUSSION

The occurrence of upper airways symptoms in patients with 
COPD is yet to receive the attention it deserves. As documented 
earlier, upper airways symptoms were observed in two-thirds 
of the 41 patients with COPD (27 of 41, 65.9%) [14]. The presence 
of these symptoms had significantly impacted the QoL as 
evidenced by SGRQ [19] and SNOT-22 [20] scores. A postal 
questionnaire survey in 392 patients with self-reported chronic 
bronchitis or emphysema documented recurrent or permanent 
nasal complaints in 40% subjects [4]. In more specific studies, the 
frequency of upper airways symptoms ranged from 42%–88% [5-
7]. In the East London COPD rolling cohort study, 88% of the 65 
patients had one or the other upper airways symptoms [6].  

Cigarette smoke, the major offending agent for COPD, causes 
upper airways inflammation and results in increased goblet cell 
hypertrophy and submucosal gland hyperplasia resulting in 
excessive mucus production from nasal mucosal lining [22]. It also 
reduces muco-ciliary clearance [23]. Increased nasal inflammation 

has been documented in COPD patients with greater nasal 
neutrophil activity after histamine challenge in those with nasal 
symptoms than those without [24]. Nasal inflammation is known 
to persist even after smoking cessation [25]. 

In our patients with upper airways symptoms, SPT was positive 
in 11 of 27 (40.7%) as compared to 1 of 14 patients (p = 0.02) in 
those without indicating an element of an atopic background. 
Based only on clinical evaluation, a study from France [7] too 
reported similar observation. The authors had suggested that 
“atopy is indeed involved in chronic nasal symptoms among 
COPD patients” and they further stated that “atopy was defined 
on a purely clinical basis with no confirmation by skin prick 
tests or radioallergosorbent test (specific immunoglobulin E 
dosage)” [7]. Atopy in patients with COPD has been documented 
previously. In a study from Brazil [13], 62 of 149 patients (41.6%) 
with COPD had an evidence of atopy based on positive SPT/
symptoms of allergic rhinitis along with eosinophilia on 
nasal lavage. In a recent longitudinal population based study 
from Sweden [26], smoking and atopy based on a positive 
Phadiatop test (odds ratio, 1.6) were considered as risk factors 
for development of noninfectious rhinitis in patients with 
COPD. Earlier, we too had documented a patient with COPD 
and concomitant allergic bronchopulmonary aspergillosis 
with positive intradermal tests against Aspergillus flavus and A. 
fumigatus suggesting type I hypersensitivity [27]. On further 
analysis, in the 11 patients with radiological sinusitis on CT-PNS 
and positive SPT, a greater degree of sinusitis was documented as 
evidenced by significantly higher CT-PNS scores as compared to 
those with a radiological sinusitis and negative SPT. 

Asthma-COPD overlap syndrome (ACOS) is a recently 
recognised clinical entity which has overlapping features of 

Table 3. QoL scores in patients with COPD and upper airways symptoms

Variable
Positive SPT (group1) Negative SPT (group2)

p value
(n = 11) (n = 16)

SNOT 22 score 1.15 ± 0.23 0.67 ± 0.30 0.0002*

SGRQ symptoms 71.4 ± 17.1 66.9 ± 16.8 0.53

SGRQ activity 72.7 ± 17.9 79.8 ± 18.5 0.33

SGRQ impact 40.9 ± 22.9 52.5 ± 21.2 0.18

SGRQ total 55.6 ± 18.2 63.1 ± 17.9 0.29

Values are presented as mean ± standard deviation.
*p < 0.05, statistically significant difference.  
QoL, quality of life; COPD, chronic obstructive pulmonary disease; SPT, skin prick test; SNOT-22: Sino Nasal Outcome Test -22; SGRO, St. George’s Respiratory 
Questionnaire.



Kumar A, et al.
Asia Pacific
allergy

204 apallergy.org  https://doi.org/10.5415/apallergy.2017.7.4.199

both asthma as well as COPD. The diagnostic criteria for ACOS 
[28] formulated at a global expert roundtable discussion during 
the 2015 American Thoracic Society Congress included a set of 
six criterias. This comprised 3 major criteria: (1) persistent airflow 
limitation (postbronchodilator FEV₁/FVC < 0.7) in individuals 
≥ 40 years of age, (2) tobacco smoking (10 pack-years or 
more) or equivalent indoor/outdoor air pollution exposure, 
(3) documented history of asthma before 40 years of age or 
bronchodilator reversibility (BDR) > 400 mL in FEV₁ ; and 3 minor 
criteria as (1) documented history of atopy/allergic rhinitis, (2) 
BDR >200 mL and 12% from baseline in FEV1 on 2 or more visits, 
and (3) peripheral blood eosinophil count of 300 cells/mm3. A 
diagnosis of ACOS can be established based on presence of all 
three major criteria and one of the minor criterion. ACOS was 
ruled out in our patients with COPD as (1) no enrolled patient had 
symptoms suggestive of asthma in the childhood, (2) all patients 
had developed symptoms after attaining the age of 35 years, and 
(3) BDR was an exclusion criteria. 

In our study, there was no significant difference in SGRQ scores 
in patients with upper airways symptoms with/without positive 
SPT. A study from Brazil too did not find any significant difference 
in QoL in those with / without atopy [13]. Mean SNOT-22 scores 
in our group 1 patients were significantly higher (p = 0.0002) 
highlighting the negative impact of atopy in COPD patients with 
upper airways symptoms. In addition, in these patients, CT-PNS 
scores showed a moderately strong positive correlation with 
SNOT-22 scores. Those with higher CT-PNS scores and positive 
SPT had worse QoL. Previous studies have reported lower mean 
SNOT-20/SNOT-22 scores in patients with COPD and upper 
airways symptoms signifying that nasal symptoms impaired QoL 
[29, 30]. However, these studies did not evaluate for atopy. The 
small sample size and absence of radioallergosorbent test were 
the limitations of this study. 

In conclusion, our study highlights that patients with COPD 
and associated upper airways symptoms along with positive SPT 
had a higher frequency of radiological sinusitis on CT-PNS and 
worse QoL. A significant correlation was seen between scores of 
CT-PNS and SNOT-22 suggesting an impaired QoL due to upper 
airways symptoms seen in COPD patients. Atopy was prevalent 
in patients with COPD with upper airways symptoms and is a 
potentially relevant component affecting the QoL by influencing 
the upper airways. Since COPD and rhinosinusitis are two 
diseases often treated by two different specialties, the occurrence 
of upper airways symptoms in patients with COPD may easily be 

overlooked. It is possible that if upper airways symptoms are left 
untreated in these patients, therapy for COPD would possibly be 
less than effective. 
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