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Abstract
Objective: The occurrence of radiological sinusitis in patients with asthma without any obvious
nasal symptoms could possibly increase the severity of asthma. We investigated the occurrence
and impact of sinusitis on computed tomography of the paranasal sinuses (CT-PNS) in patients
with asthma and/or allergic rhinitis. Effect of sinusitis on the quality of life (QoL) was also assessed.
Methods: All subjects underwent spirometry with reversibility, CT-PNS, intradermal test against
common aeroallergens and responded to Symptom Severity Score and Rhinosinusitis Disability
Index (RSDI). Of the 216 consecutive patients, 27 had asthma without nasal symptoms (Group 1),
58 had asthma with allergic rhinitis (Group 2) and 131 had allergic rhinitis (Group 3). Thirty normal
healthy controls without atopy were also included (Group 4). Results: 20/27 (74%) patients in Group
1 had sinusitis on CT-PNS. 48/58 (82%) patients in Group 2 and 88/131 (67%) patients in Group 3
had chronic rhinosinusitis (CRS) as confirmed on CT-PNS. 6/30 (20%) healthy controls in Group 4
had mucosal thickening. Asthmatics with radiological sinusitis in Group 1 and with CRS in Group
2 had significantly lower FEV1, FEV1/FVC ratio, were more symptomatic and had a greater impair-
ment of QoL. Themean sinus severity scorewas significantly higher in Group 2. In Group 3, sinusitis
occurred significantly higher in “blockers” than “sneezers-runners” (41/79 versus 47/52, p = 0.045).
Conclusions:Occurrence of radiological sinusitis on CT-PNS in asthmatics without nasal symptoms
and CRS in allergic rhinitis with or without asthma increases the severity of the disease and affects
the QoL.

Introduction

Although, the relationship between asthma, rhinitis and sinusi-
tis has been known since antiquity, the importance of this asso-
ciation appears to have been diluted with the passage of time.
Asthma and upper airway diseases like rhinitis and sinusitis
were treated as distinct clinical entities. However, in recent
times, the concept that these three diseases constitute a single
overlapping syndrome occurring in a single airway has evolved
[l–3]. ln view of the frequent occurrence of rhinitis along with
sinusitis, the European Position Paper on Rhinosinusitis and
Nasal Polyps (EPOS) and the Practice Parameter Update by
the American Academy of Allergy, Asthma and Immunology,
the American College of Allergy, Asthma and Immunology and
the Joint Council of Allergy, Asthma and Immunology strongly
recommended the use of the term “rhinosinusitis” [4,5]. Aller-
gic rhinitis (AR) often predisposes to chronic rhinosinusitis
(CRS) as evidenced by the presence of AR in as high as 40–
84% of patients with CRS in adults and 36–60% in children
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[5]. This has been substantiated by the presence of elevated
total IgE levels in 97% of patients with AR with chronic sinusi-
tis while in those without sinusitis, increased total IgE levels
were seen in 79% [6]. The co-existence of asthma and AR has
been reinforced by a survey from Sweden in 18,087 respon-
dents, where the prevalence of AR in patients with asthma was
found to be as high as 64% while asthma was reported in 20%
patients with AR [7].

Evidence is accumulating that there may be a cause-and-
effect relationship between sinusitis and asthma [8]. Asthma
is known to occur in 20–31.9% of patients with CRS [3]
and the severity of sinonasal disease is thought to correlate
with the severity of bronchial inflammation [3,8–14]. A cross-
sectional study from USA documented the increased radio-
logical severity of CRS with an increasing severity of asthma
when the mean Lund–Mackay scores increased significantly
from 11.6 in intermittent/mild asthma group to 15.6 in mod-
erate/severe asthma group [14]. Histopathologically, heteroge-
nous eosinophilic inflammation and features of airway remod-
eling seen in asthma are also present in CRS [15]. Sinusitis
is now thought to be an important trigger factor for asthma
[16], and optimal control of sinusitis would help in pre-
venting frequent exacerbations of asthma [8]. Furthermore,
a questionnaire-based multi-centric international European
survey conducted by the GA2LEN in over 52,000 adults has
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shown the strong association of asthma with CRS (adjusted
OR: 3.47; 95% CI: 3.20–3.76) [17]. The association was even
stronger in patients with both CRS and AR (adjusted OR:
11.85; 95%CI: 10.57–13.17), while CRSwithout ARwas asso-
ciated with late-onset asthma [17].

The occurrence and impact of radiological sinusitis in
patients with asthma without nasal symptoms is yet to receive
the attention that it deserves [10–12]. In light of the above, we
attempted to ascertain the occurrence and severity of radiolog-
ical sinusitis in patients with asthma without nasal symptoms
and also evaluated its impact in these patients. Furthermore, we
also endeavored to determine the effects of CRS on the quality
of life (QoL) in patients with AR with or without asthma.

Materials andmethods

The study was conducted in newly referred, consecutive
patients between 15 to 50 years of age, with respiratory symp-
toms suggestive of either asthma or allergic rhinitis or con-
comitant disease. The algorithm shown in Figure 1 highlights

the study design. The clinical diagnosis of asthma was based
on symptoms and physical examination and confirmed as per
Global Initiative for Asthma (GINA) guidelines [18], as an
improvement of at least 12% and 200 ml in FEV1 after inhala-
tion of 400 mcg of salbutamol. Allergic rhinitis was diag-
nosed, according to the Allergic Rhinitis and its Impact on
Asthma (ARIA) workshop report [1], as presence of two or
more of the following symptoms for more than an hour on
most days, which included rhinorrhea, nasal blockage, sneez-
ing and nasal itching. Patients with allergic rhinitis were symp-
tomatic on recruitment. All patients had a positive intrader-
mal test against at least three aeroallergens that were prevalent
in the local environment as defined by Schwartz and Green-
berger [19]. Intradermal testing was used in the study as anti-
gens for skin prick test, the recommended standard for evalu-
ation of atopic status, was not available with us. Patients with
negative intradermal skin testing were excluded from the study,
as were those who received oral corticosteroids and/or antihis-
taminic drugswithin 1month prior to enrollment. None of these
patients had ever used inhaled medications and/or intranasal

•    CRS was diagnosed in patients with nasal symptoms based on the EPOS
 document
• All patients and controls were subjected to questionnaire to assess severity of
 sinusitis and its effect on QoL
• Intradermal skin testing interpretation:  negative (-), wheal and erythema
 different from those in control subjects; 1+, 3 to 6 mm wheal and 11 to 20 mm
 erythema; 2+, 6 to 9 mm wheal and 21 to 30 mm erythema; 3+, 9 to 13 mm
 wheal and 31 to 40 mm erythema; and 4+, > 15 mm wheal with pseudopods
 and > 40 mm erythema. Patients with > 2+ were considered to be positive for
 type I hypersensitivity.
• **“Sneezers-runners” and “blockers” were identified based on their
 predominant symptoms.

Enrollment of patients
Newly referred between the age of 15-50 years

All underwent history, clinical examination,
spirometry with reversibility testing and

intradermal skin testing

Exclusions
•    steroids and/or antihistaminic

drugs within last 1 month
• pregnant and lactating females
• negative intradermal skin test
• ever-smokers

Asthma
only

(Group 1)

Asthma with
Allergic
rhinitis

(Group 2)

Allergic
rhinitis only
(Group 3)

30 healthy volunteers with
no history of atopy, matched

for age and gender, with
normal spirometry with

reversibility testing
(Group 4)

All underwent CT paranasal sinuses
Extent of sinusitis was staged as per the Lund and Kennedy

staging scoring*  

Group 1
Sinusitis was

diagnosed based
on CT staging

Groups 2 and 3
•    CRS was diagnosed
• Nasal symptoms were
 categorised into
 “sneezers-runners” and
 “blockers”**

Informed consent was obtained
from all the patients and controls

institutional ethics committee
approval was obtained before

starting the study

Figure 1. Study design algorithm.
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cortico steroid sprays prior to inclusion in the study or had ever
smoked.

Lund and Kennedy [20] scoring system was used to assess
the severity of the sinusitis present on the computed tomogra-
phy of the paranasal sinuses (CT-PNS). 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). Anatomic variants did not
contribute to the scoring. A total mean sinus score as well as
the individual sinus scores were calculated in each group. To
avoid bias, the radiologist was blinded to the clinical data.

Thirty age- and gender-matched healthy volunteers under-
went similar evaluation as the study groups.

Grouping of the study subjects

Group 1 included patients with asthma, Group 2 included
patients with asthma and allergic rhinitis, while Group 3
included patients with allergic rhinitis. Controls were catego-
rized in Group 4. Group 1 patients had reversibility on spirom-
etry, while Group 2 patients in addition had nasal symptoms.
Group 3 patients had nasal symptoms with normal spirome-
try. In Groups 2 and 3, CRS was defined as per the EPOS [4]
criteria as presence of nasal congestion or obstruction, nasal
discharge, headache, facial pain or pressure, or hyposmia for
more than 12 weeks with relevant clinical examination find-
ings. Patients with allergic rhinitis in both Groups 2 and 3 were
further categorized as “sneezers-runners” and “blockers” based
on their predominant symptoms [21,22].Written informed con-
sent was obtained from all patients. The study had the approval
of the institutional ethics committee.

Symptom severity and quality of life assessment

A questionnaire seeking detailed information about the nature,
pattern and duration of symptoms of asthma, allergic rhinitis
and sinusitis was filled in for all patients and controls by the
same investigator. Information regarding itching of eyes, ears,
throat and skin as well as aggravating factors like house dust,
vehicular smoke, environmental tobacco smoke (ETS), etc was
also sought for. Severity of sinusitis was assessed by the Symp-
tom Severity Score [23], while Rhinosinusitis Disability Index
(RSDI) [24] assessed the QoL.

Symptom Severity Score

A visual analog scale ranging from 1 to 7 to assess nasal
obstruction, anterior purulent nasal discharge, posterior puru-
lent nasal discharge, facial pain/fullness, headache, fatigue,
hyposmia, ear pain, cough, halitosis, dental pain and fever was
used. Score of “1” depicted “no symptoms”, while “7” reflected
that the symptoms were “so bad that the patient could not func-
tion virtually all the time”. The mean score for each symptom
was compared across four different groups.

Rhinosinusitis Disability Index

Rhinosinusitis Disability Index assessed the patients for the dis-
ability caused by sinusitis among the emotional, functional and
physical scales. Patients were administered a set of 30 ques-
tions, which the patients filled in either “Yes” or “No”. The total

number of responses with “Yes” was compared among patients
with or without sinusitis in all four groups.

Statistical analysis

SPSS for Windows was used for statistical analysis (version
11.5, SPSS, Inc., Chicago, IL). Differences in symptoms, CT-
PNS scoring, symptom severity score and rhinosinusitis dis-
ability score between patients with and without sinusitis in dif-
ferent groups were analyzed for significance using the Chi-
Square test. The Mann–Whitney U test was used to analyze
non-parametric data. ANOVAwas performed to compare group
means wherever applicable.

Results

Of the 244 patients included, 216 (128males, 88 females, mean
age 30.3 years, range 15–50 years) and 30 controls (18 males,
12 females, mean age 29.5 years, range 15–50 years) com-
pleted the study protocol. Twenty-eight patients were excluded
as 12 did not complete the questionnaire and 16 did not get the
CT-PNS done. There were 27 (12.5%, 16 males, 11 females)
patients in Group 1, 58 (26.5%, 33 males, 25 females) in Group
2 and 131 (61%, 79 males, 52 females) in Group 3. Of the
216 patients, 20/27 (74%) in Group 1 had radiological sinusi-
tis, 48/58 (82%) patients in Group 2, 88/131 (67%) patients in
Group 3 had CRS and 6/30 (20%) healthy controls in Group
4 had mucosal thickening. In Group 1, the subjects with radi-
ological sinusitis were compared with those without them. In
Groups 2 and 3 too, subjects with CRS were compared with
those without. There were no significant age and gender differ-
ences in all four groups.

Spirometric data of all groups is shown in Table 1. Patients
with concomitant radiological sinusitis in Group 1 (asthma
only) and in Group 2 (CRS with asthma) had significantly
lower FEV1, FEV1/FVC ratios than those without sinusitis.
Table 2 displays the symptomatology and highlights that across
all three patient groups, thosewith radiological sinusitis or CRS
had a greater degree of morbidity.

Symptom Severity Score

In Group 1, patients with radiological sinusitis and in Groups
2 and 3, patients with CRS were significantly more symp-
tomatic (Table 2). Analysis of the symptom severity score too
showed that these patients had significantly more severe symp-
toms (Table 3).

Rhinosinusitis Disability Index

On comparing RSDI within Group 1, significantly more asth-
matics with radiological sinusitis did not feel like socializing
with people (19/20 versus 1/7, p = 0.05), were frequently
irritable (20/20 versus 1/7, p = 0.049), were frequently tense
(19/20 versus 0/7, p = 0.015) and had to frequently miss
their daily activities (20/20 versus 0/7, p = 0.013). Straining
increased or worsened their problem (19/20 versus 1/7, p
= 0.049) and in addition, they found it difficult to sleep at
night (20/20 versus 1/7, p = 0.05). Similarly, in Group 2,
significantly more patients with CRS had to miss their work or
social activities (46/48 versus 2/10, p = 0.034), while Group
3 patients with CRS were more confused (59/88 versus 7/10,

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 0
9:

13
 3

0 
A

pr
il 

20
16

 

http://dx.doi.org/10.3109/02770903.2015.1091005


4 S. Sahay et al. J Asthma, 2016; 0(0): 1–9

Ta
bl
e
1.

Sp
ir
om

et
ry

da
ta
of

th
re
e
st
ud
y
gr
ou
ps

an
d
co
nt
ro
lg

ro
up
.

G
ro
up

1
(n

=
27
)

G
ro
up

2
(n

=
58
)

G
ro
up

3
(n

=
13
1)

G
ro
up

4
(n

=
30
)

W
ith

ra
di
ol
og

ic
al

W
ith

ou
tr
ad
io
lo
gi
ca
l

W
ith

W
ith

ou
t

W
ith

W
ith

ou
t

W
ith

m
uc
os
al

W
ith

ou
tm

uc
os
al

si
nu

si
tis

(n
=

20
)

si
nu

si
tis

(n
=

7)
C
R
S
(n

=
48

)
C
R
S
(n

=
10

)
C
R
S
(n

=
88

)
C
R
S
(n

=
43
)

th
ic
ke
ni
ng

(n
=

6)
th
ic
ke
ni
ng

(n
=

24
)

M
ea
n
FE

V
1
(L
)

0.
76

±
0.
86

1.
86

±
0.
85

0.
46

±
0.
96

2.
02

±
0.
9

2.
96

±
0.
67

2.
81

±
0.
87

3.
43

±
0.
81

3.
30

±
0.
61

p
va
lu
e

=
0.
00
7
(9
5%

C
I
0.
32
–1
.8
)

p
va
lu
e

=
0.
00
02

(9
5%

C
I
0.
89
–2
.2
2)

N
S

N
S

M
ea
n
FV

C
(L
)

1.
2

±
0.
45

2.
02

±
0.
84

1.
56

±
0.
34

1.
90

±
0.
87

3.
61

±
0.
85

3.
56

±
0.
74

4.
27

±
0.
54

3.
96

±
0.
34

p
va
lu
e

=
0.
03
2
(9
5%

C
I
0.
3–
1.
3)

N
S

N
S

N
S

M
ea
n
FE

V
1
/F
V
C

ra
tio

45
±

20
69

±
18

41
±

20
70

±
25

82
±

20
77

±
15

83
±

8
81

±
10

p
va
lu
e

=
0.
00
9
(9
5%

C
I,
6.
33
–4
1.
67
)

p
va
lu
e

=
0.
00
02

(9
5%

C
I,
14
.4
6–
43
.5
4)

N
S

N
S

N
S:

N
ot

si
gn

if
ic
an
t.

p = 0.0007), frequently got angry (74/88 versus 13/43, p =
0.003), frequently missed work or activity (19/88 versus 2/10,
p = 0.029), were more frequently fatigued (18/88 versus 1/10,
p= 0.013) and they had more sleep disturbances (18/88 versus
2/10, p = 0.037).

Occurrence of sinusitis andmean CT scores

Maxillary sinuses were the most commonly involved in
all three patient groups (116/156, 74.3%) followed by eth-
moid sinuses (78/156, 50%). Isolated maxillary sinuses were
involved in 69 (42.9%) patients, while isolated ethmoid sinus
involvement was present in 52 (32.9%). In controls, all six sub-
jects had isolated maxillary sinus mucosal thickening with a
mean sinus score of only 1.1± 1.2. On assessing the 78 patients
with ethmoid sinusitis, 45 were asthmatics (45/78, 57.9%). Of
the 68 asthmatics with radiological sinusitis or CRS (Groups 1
and 2), 45 (66.2%) had ethmoid sinus involvement, of whom 32
(71.1%) had isolated sinus involvement. The ethmoid sinuses
involvement was significantly higher in asthmatics as com-
pared to those with allergic rhinitis (45/68 versus 33/88, p =
0.041). The mean sinus scores for each sinus group showed that
the mean score for ethmoid sinuses were significantly higher in
Groups 1 and 2 when compared with Group 3 (Table 4). Simi-
larly, the ratio of ethmoid sinus scores to the total sinus scores
was significantly higher inGroup 2when comparedwithGroup
3. Overall, mean sinus CT scores showed that radiologically,
sinusitis was significantly more severe in Group 2 than those
in Groups 1 and 3 (Table 4).

Categorization of patients with allergic rhinitis into
“sneezers-runners”and “blockers”

Patients with allergic rhinitis in Groups 2 and 3 were fur-
ther subdivided into “sneezers-runners” and “blockers” on the
basis of their predominant symptoms (Table 5). Of the 131
patients with allergic rhinitis in Group 3, 88 had CRS. Of these
patients, 79 were categorized as “sneezers-runners”, while 52
were “blockers”. Of the 79 “sneezers-runners”, 41 had CRS
while 47 of “blockers” had CRS. Occurrence of CRS was sig-
nificantly higher in “blockers” when compared with “sneezers-
runners” (41/79 versus 47/52, p = 0.045).

Similarly in Group 2, 48 of the 58 patients had CRS, 31
of whom were “sneezers-runners” and 27 were “blockers”. Of
the 31 “sneezers-runners”, 23 had CRS, while 25 of “blockers”
had CRS. Occurrence of CRS was higher but not significant in
“blockers” (23/31 versus 25/27, p = 0.5).

The mean sinus score was significantly higher in “blockers”
(8.23 ± 1.75 in Group 2, 4.26 ± 0.32 in Group 3) as compared
to “sneezers-runners” (6.5 ± 2.23 in Group 2, 3.9 ± 0.97 in
Group 3) in both the groups (p = 0.004 in Group 2, p = 0.027
in Group 3). This suggests greater mucosal involvement and
increased severity of sinusitis in “blockers” of both Groups 2
and 3.

Discussion

Although the association with asthma and/or allergic rhinitis
with sinusitis have been highlighted in recent times, clinicians
often overlook the added morbidity caused by this associa-
tion. Our study showed that there was significant occurrence
of sinusitis in all the three groups. Nearly three-fourth of the

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 0
9:

13
 3

0 
A

pr
il 

20
16

 



DOI: 10.3109/02770903.2015.1091005 Sinusitis in asthma and/or allergic rhinitis 5

Table 2. Symptomatology.

Group1 (n = 27) Group 2 (n = 58) Group 3 (n = 131) Group 4 (n = 30)

With Without With Without
radiological radiological With Without With Without mucosal mucosal
sinusitis sinusitis CRS CRS CRS CRS thickening thickening

Symptoms (n = 20) (n = 7) (n = 48) (n = 10) (n = 88) (n = 43) (n = 6) (n = 24)

Nocturnal awakening 20 1 47 2 35 7 1 4
p = 0.05 p = 0.031 p = 0.04 NS

Headache 20 1 46 2 70 15 2 6
p = 0.05 p = 0.034 p = 0.013 NS

Easy fatigability 19 1 35 7 50 7 3 4
p = 0.05 NS p = 0.003 NS

Halitosis 20 0 46 2 58 14 0 1
p = 0.013 p = 0.034 p = 0.042 NS

Wheezing 19 5 46 2 12 10 0 0
NS p = 0.034 NS —

Post nasal drip 0 0 48 2 62 15 0 0
— p = 0.029 p = 0.039 —

Breathlessness 20 6 48 8 54 12 0 0
NS NS p = 0.03 —

Nasal blockage 0 0 45 5 59 14 0 0
— NS p = 0.037 —

Purulent anterior nasal discharge 0 0 46 5 62 15 0 0
— NS p = 0.039 —

Hyposmia 12 2 44 6 44 4 0 0
NS NS p = 0.0009 —

Purulent posterior nasal discharge 0 0 39 6 65 9 0 0
— NS p = 0.001 —

Family history of allergic rhinitis 0 0 34 4 70 12 1 2
— NS p = 0.03 NS

NS: Not significant.

patients with asthma without any obvious nasal symptoms had
radiological evidence of sinusitis. Studies done earlier also sup-
port this association. Ferrante et al. [10] documented sinusitis
in 52 (43%) of the 120 young male asthmatics evaluated. Six-
teen of these 52 patients never had any nasal symptoms. Since
sinusitis was not confirmed by CT-PNS, the occurrence could
possibly have been underestimated. In another study, where
limited coronal sinus CT was performed in 65 patients with
acute asthma and 62 controls, the authors found that asthmat-
ics had significantly higher mucosal thickening in the nasal
passages, ostiomeatal complexes, ethmoidal and sphenoidal
sinuses but not in maxillary sinuses. CT scores differed sig-
nificantly between asthmatic patients (7.7 +/− 0.8 points) and
control subjects (4.1 +/− 0.4 points) [11]. In our study too,
20/27 patients with asthma had a mean sinus CT score of
6.45 ± 4.5. In contrast, the 6/30 (20%) control subjects had
isolated maxillary sinus mucosal thickening with a mean sinus
score of only 1.1 ± 1.2. In an earlier prospective study on
asymptomatic healthy subjects, incidental sinus opacification
on CT was observed in 27% subjects [25].

We also showed that the occurrence of sinusitis on CT in
patients with asthma without obvious nasal symptoms had a
significant impact on the severity of asthma as evidenced by
significantly lower FEV1 and FEV1/FVC ratios. A study from
France [12] has reported an increased prevalence of radiologi-
cal sinusitis in patients with severe steroid-dependent asthma
as compared to patients with mild-to-moderate asthma. Of
the 35 patients with severe steroid-dependent asthma, 74%
patients had symptoms of rhinosinusitis as compared to 70%
of the patients with mild-to-moderate asthma. However, CT

scanning demonstrated sinusitis in all patients with severe
steroid-dependent asthma as compared to 88% in those with
mild-to-moderate asthma [12]. Similarly, in patients with
asthma and allergic rhinitis, the occurrence of CRS too
increased the severity of asthma. Our study highlighted the fact
that even though patients with asthma alone did not have symp-
toms suggestive of sinusitis, their asthma was more severe and
they also had a greater impairment in QoL. Although a rela-
tively small number of patients with asthma alone (Group 1)
appear to be a limitation in our study, our findings underscore
the importance of regular examination of upper airways in asth-
matics as co-existent radiological sinusitis or CRS could cause
increased morbidity.

The American Lung Association-Asthma Clinical Research
Centers while conducting two clinical trials in asthmatic sub-
jects acquired information on self-reported allergic rhinitis,
sinusitis and asthma symptoms [26]. They observed signifi-
cantly higher scores for Asthma Symptom Utility Index and
concluded that allergic rhinitis and sinusitis were associated
with more severe asthma symptoms. This highlights the high
prevalence of sinusitis in patients with bronchial asthma and the
importance of sinus disease as an aggravating factor for chronic
reactive airway disease. A retrospective review comprising 145
patients with CRS found that the asthma was present in 23.4%
of patients with CRS. Coexistent asthma also increased the
prevalence of nasal polyps, olfactory dysfunction and nasal
congestion in these patients [27]. A more recent retrospective
study highlighted that the coexistence of asthma in patients
with allergic rhinitis was associated with faster development of
CRS [28]. A recent prospective study evaluating the diagnostic
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Table 4. Scoring of sinusitis (Lund and Kennedy) on computed tomography of paranasal sinuses.

Group 1 Group 2 Group 3 Group 4

p Value
ANOVA
(95% CI)

Post-hoc analysis
between the groups

Sinusitis on CT-PNS 20/27 (74%) 48/58 (82%) 88/131 (67%) 6/30 (20%)
Mean sinus score 6.45 ± 4.5 9.5 ± 8.1 5.77 ± 13.6 1.1 ± 1.2 0.0074 1 vs 2 0.02, 1 vs 4 0.0001,

2 vs 4 NS, 3 vs 4 0.003,
2 vs 3 0.047, 1 vs 3 NS

Mean number of sinuses involved 4.8 ± 0.43 5.8 ± 0.33 4.26 ± 0.37 1.00 ± 0.0 <0.001 NS
Mean maxillary sinuses score 1.23 ± 1.32 2.89 ± 1.25 2.5 ± 0.13 1.1 ± 1.2 <0.001 1 vs 2 0.001, 2 vs 3 NS,

1 vs 3, 0.007, 1 vs 4 NS,
2 vs 4 0.009,3vs 4 0.03

Mean ethmoid sinuses score 2.5 ± 1.02 3.05 ± 1.54 1.9 ± 0.67 — <0.001 1 vs 2 NS, 2 vs 3 0.0006,
1 vs 3 0.04

Mean frontal sinuses score 1.0 ± 0.23 2.03 ± 1.84 3.60 ± 2.13 — <0.001 1 vs 2 0.01, 2 vs 3 0.0041,
1 vs 3 NS

Mean sphenoid sinuses score 1.05 ± 0.5 1.68 ± 0.89 2.6 ± 1.45 — <0.001 1 vs 2 NS, 2 vs 3 0.005,
1 vs 3 0.001

Mean OMC score 1.75 ± 0.25 1.54 ± 0.3 1.32 ± 0.6 — <0.001 1 vs 2 NS, 2 vs 3 0.005,
1 vs 3 0.001

Ratio of maxillary sinus score to total score 0.19 ± 0.14 0.30 ± 0.24 0.24 ± 0.18 1.0 ± 1.2 <0.001 1 vs 2 0.02, 2 vs 3 NS, 1 vs
3 0.01, 1 vs 4 0.16, 2 vs
4 NS, 3 vs 4 NS

Ratio of ethmoid sinus score to total score 0.38 ± 0.25 0.64 ± 0.11 0.25 ± 0.9 — 0.002 1 vs 2 NS, 2 vs 3 0.001,
1 vs 3 NS

Ratio of frontal sinus score to total score 0.141 ± 0.01 0.44 ± 0.17 0.12 ± 0.11 — <0.001 1 vs 2 0.01, 2 vs 3 0.001,
1 vs 3 NS

Ratio of sphenoid sinus score to total score 0.08 ± 0.04 0.23 ± 0.034 0.12± 0.012 — <0.001 1 vs 2 0.001, 2 vs 3 0.003,
1 vs 3 0.05

Ratio of OMC score to total score 0.37 ± 0.55 0.20 ± 0.11 0.19 ± 0.24 <0.001 1 vs 2 0.0041, 2 vs 3 NS,
1 vs 3 0.001

NS: Not significant.

value of sinus CT for airway hyperresponsiveness (AHR) con-
cluded that sinus CT was a useful tool for screening of AHR in
patients with CRS [29]. In a cross-sectional retrospective study
from USA, of the 187 patients with CRS meeting the inclu-
sion criteria, 29 had intermittent/mild asthma, 18 had moder-
ate/severe asthma while rest of them were non-asthmatics. The
mean Lund Mackay Score was 9.7 in non-asthmatics, 11.6 in
intermittent/mild asthmatics and 15.6 in moderate/severe asth-
matics highlighting that with increasing severity of asthma,
radiological severity of CRS also increases [14]. The GA2LEN
surveyed in Europe to ascertain the prevalence of reported
asthma in adults and its association with CRS. Over 52,000
adults in the age group of 18–75 years from 19 centers in 12
countries were included in the study. The authors observed a

strong association of asthma with CRS at all ages. It was also
found that this association was stronger in those with both CRS
and allergic rhinitis. Furthermore, it was also seen that CRS
even alone, in the absence of nasal allergies, was positively
associated with late onset asthma [17].

Berrettini and colleagues [30] performed CT-PNS in 40
patients with perennial allergic rhinitis and 30 controls. They
observed that 67.5% of patients with allergic rhinitis had sinusi-
tis as compared to 33.4% of controls (p = 0.017). Differ-
ent studies documented the occurrence of CRS in 63–89%
of adult patients and around 65% of the children [31] with
allergic rhinitis. AR often results in restrictions on the phys-
ical, psychological and social aspects of the patients’ life
and can also impact their functions at work. Coexistent CRS

Table 5. Categorization of patients with allergic rhinitis into “sneezers-runners” and “blockers”.

Group 2 Group 3

“Sneezers-runners” “Blockers” p Value “Sneezers-runners” “Blockers” p Value

n 31 27 79 52
With sinusitis 23 25 41 47
Without sinusitis 8 2 38 5
Occurrence of sinusitis
in “Sneezers-runners”
and

23/31 vs 8/31 25/27 vs 2/27 “Sneezers-
runners” (p =
0.028) “Blockers”

41/79 vs 38/79 47/52 vs 5/52 “Sneezers-
runners” (p =
0.78) “Blockers”

“Blockers” (p = 0.0001) (p = 0.000)
“Sneezers-runners” vs
“Blockers”

23/31 25/27 NS 41/79 47/52 0.045

Mean sinus score 6.5 ± 2.23 8.23 ± 1.75 0.004 3.9 ± 0.97 4.26 ± 0.32 0.027

NS: Not significant.
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often leads to poorer quality of life as revealed by poorer
subjective scores in these patients [32]. A recent study from
South Korea documented that AR was significantly associ-
ated with asthma, CRS and nasal polyps [33]. Our study too
highlights that in patients with AR, the occurrence of rhinos-
inusitis significantly increases nasal symptoms and adversely
affects QoL.

CT-PNS has now emerged as the gold standard for the
diagnosis of sinusitis [34] with the widespread acceptance of
the CT-based quantification for staging sinusitis propounded
by Lund and Kennedy [20]. In our study, mean score for
severity of sinusitis was significantly higher in patients with
asthma and allergic rhinitis (Group 2) with maxillary sinuses
being the most commonly involved. However, in patients with
asthma (Groups 1 and 2), the mean ethmoid sinuses scores
were significantly higher. Dhong and colleagues [35] too found
a significantly higher involvement of the ethmoid sinuses in
patients with asthma on CT-PNS. They compared the extent
of disease in each sinus group quantitatively by means of the
ratio of individual sinus to the total sinus score. They then
compared sinusitis in asthmatics to sinusitis in patients without
asthma. The mean sinus score for ethmoid sinus was 0.421 in
asthmatics, while it was 0.323 in non-asthmatic patients. They
observed that ethmoid sinuses were more severely involved in
those who had associated asthma and they felt that patients with
ethmoid sinus involvement should be evaluated for asthma.
We too found that the ratio of ethmoid sinus scores to the total
sinus scores in Group 1 was 0.38 and in Group 2, it was 0.64,
which was significantly higher when compared with Group 3
scores. The predominant involvement of the ethmoid sinus in
patients with asthma was also confirmed recently by Adapinar
and colleagues [36]. Dhong and colleagues [35] postulated
that in the asthmatic subjects, the inhaled allergens trigger the
hypersensitized mucosa in the ethmoid sinuses, which could
possibly lead to edematous changes. These edematous changes
may cause the obstruction of the natural ostium, resulting in
secondary sinusitis.

We further categorized patients with allergic rhinitis of both
Groups 2 and 3 into “sneezers- runners” and “blockers”. We
had earlier shown that, these two groups had distinct clini-
cal profiles and that “blockers” had more persistent symptoms
and had significant history of breathlessness [22]. In patients
with AR (Groups 2 and 3), CRS was significantly present in
both “sneezers-runners” and “blockers” but in patients with
AR alone (Group 3), it was significantly more frequent in
“blockers” in comparison to “sneezers-runners”. The severity
of sinusitis as assessed by the mean sinus CT-PNS score was
higher in “blockers” in both groups. The significantly high
association of CRS with patients of AR (Group 3), observed
in our study, is not surprising.

Our study highlights the importance of recognizing con-
comitant sinusitis in patients with asthma and allergic rhinitis
but it has its own limitations. Skin prick testing is more specific
and is the gold standard for diagnosing atopy. Intradermal test-
ing can result in a small number of false-positive reactions pos-
sibly due to an irritant effect. This can result in overestimating
atopy and possibly higher testing related risks [37]. However,
none of the participants in the study had any untoward reaction
with intradermal testing. The small sample size in Group 1 also
undermines the power of the study.

Conclusions

Our study highlights the significance of the occurrence and
impact of radiological sinusitis without nasal symptoms in
patients with asthma as well as CRS in those with asthma and/
or AR. For a primary care pulmonologist, it is imperative to
look for upper airway involvement including sinuses in patients
with asthma as it may be responsible for the suboptimal con-
trol of the disease. Similarly, in patients with AR, it is essential
to exclude CRS and asthma. This could possibly achieve better
control of disease translating into reduction in morbidity.
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