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Background: Upper respiratory diseases have been linked with lower respiratory diseases. However, the long-term effect of
sinusitis on the clinical outcomes of asthma has not been fully evaluated.

Objective: The aim of this study was to investigate the impact of sinusitis on the disease progression of asthma.

Methods: Seventy-five asthmatic patients confirmed with the methacholine bronchial provocation test or bronchodilator
response were included. The study patients underwent paranasal sinus x-ray upon their asthma evaluation and they visited the
hospital at least 3 years or longer. We retrospectively reviewed their medical records and compared data according to the presence
of comorbid sinusitis.

Results: Among the 75 asthmatic subjects, 38 subjects (50.7%) had radiologic evidence of sinusitis. Asthmatics with sinusitis
had significantly lower forced expiratory volume in 1 second (FEV;; 79.2% vs. 88.2%) and PC,, values (5.2 mg/mL vs. 89 mg/mL)
compared to asthmatics without sinusitis at the time of diagnosis. This difference in FEV, disappeared (82.6% vs. 87.2%) in the
3-year follow-up, although FEV, was more variable (31.7% vs. 23.5%) and worst FEV, was also significantly lower in patients with
sinusitis compared to those without (70.9% vs. 79.0%). There were no significant differences in the number of hospital visits, acute
exacerbations, and scores for the asthma control test.

Conclusion: Although sinusitis was associated with lower baseline lung function and higher hyperreactivity, sinusitis was not
related with significant deterioration in lung function over 3 years of follow-up. Asthmatics with sinusitis showed more variability in
lung function during the follow-up period. Healthcare utilization was not different except antibiotics use.
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Sinusitis and clinical outcome of asthma

INTRODUCTION

Since many studies have investigated the association
of rhinosinusitis and asthma, it has become a widely
accepted concept that these two diseases are not separate and
distinct disease entities but interrelated diseases of one airway.
The upper and lower airways are connected to each other
anatomically and both are composed of pseudostratified ciliated
columnar epithelium and have innate and acquired immune
defense mechanisms [1, 2]. If patients have either rhinosinusitis
or asthma, they would be accompanied by the other disease
with significantly higher frequency [3]. Asthma prevalence in the
general population is 5-8% but it reaches up to 20% among
chronic sinusitis patients [3]. Closely related with this, 75% of
patients with asthma have chronic rhinosinusitis (CRS) symptoms
[4], and 84% of patients with severe asthma have sinusitis in the
computed tomography (CT) findings [5].

The mechanisms that explain the association between
rhinosinusitis and asthma include nasopharyngeal-bronchial
reflex, postnasal drip of inflammatory material, and common
pathogenic mechanisms such as systemic inflammatory diseases
[3]. Despite these concepts, there have been only a few studies
that verified whether sinusitis could affect the long-term progress
of asthma and most studies evaluated mainly the effects of
surgical intervention or were done with children [6, 7]. Therefore,
the aim of this study was to evaluate the long-term effect of
sinusitis on the course of adult asthma.

MATERIALS AND METHODS

Subjects

We enrolled asthma patients who were diagnosed with
the methacholine bronchial challenge test or bronchodilator
response and evaluated with paranasal sinus (PNS) x-ray as a work
up for their asthma from January 2005 to March 2007. Current and
ex-smokers, and patients lost to follow-up within 3 years were
excluded. Patients were divided by PNS x-ray results as asthma
patients with sinusitis and without sinusitis during the 3 years of
follow-up.

Medical records review

We reviewed the medical records of the study subjects
retrospectively. Clinical characteristics (age, sex, outpatient
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visits over 3 years, admission to the Emergency Department or
wards due to asthma exacerbation, and on the asthma control
test (ACT) score [8], laboratory test (total IgE, peripheral blood
leukocyte count, and peripheral blood eosinophil count), airway
hyperresponsiveness (provocative concentration of methacholine
causing a 20% fall in forced expiratory volume in 1 second [FEV],
PC,p), baseline and follow-up spirometric values, and history
of medication use were compared based on the presence
or absence of sinusitis. Prescription of systemic steroids and
antibiotics were also reviewed.

Spirometry and methacholine challenge test

Pulmonary function test was done with a spirometry system
(SensorMedics 2130, SensorMedics, Yorba Linda, CA, USA). The
methacholine challenge test was performed as the Chai method
with some modifications [9]. After the basal lung function was
measured, the methacholine challenge test was done with
concentrations of 0.25, 0.625, 1, 4, 16, and 25 mg/mL. PC,, was
considered positive when it was 25 mg/mL or less. FEV, variability
during 3 years was calculated as follow: FEV, variability = (best
FEV, (mL) —worst FEV, (mL))/[(best FEV, (mL) + worst FEV, (mL))/2].

Paranasal sinus x-ray

If any one of the findings that included mucosal thickening,
opacity, and air-fluid level was observed in the PNS x-ray, the
subject was considered as having comorbid sinusitis [10].

Skin prick test, atopy index, and atopy score

Skin prick test was performed with 55 kinds of common
inhaled allergens (Allergopharma GmbH & Co. KG, Reinbek,
Germany), and histamine (1 mg/mL) and saline were used as the
positive and negative control, respectively. The results were read
after 15 minutes. The wheal size by allergen (A) was compared
to the wheal size by histamine (H), and an A/H ratio higher than
1 was considered as positive. The atopy index was calculated as
the number of inhaled allergens which showed a positive result
on the skin prick test. The atopy score was defined as the mean
diameter of the wheals showing positive reactions on the skin
prick test [11].

Statistical analysis

IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA) was
used to analyze the data. Spirometric values, PC,,, total IgE,
eosinophil count, atopy index, atopy score, frequency of hospital
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visits, and frequency of exacerbations were compared using
Student t-test, and adjusted for age and sex by multiple linear
regression. The association of sinusitis and medication use was
verified by the chi-square test. A p-value less than 0.05 was
considered statistically significant. Measurements were expressed
as the means + standard deviation.

RESULTS

Baseline subject demographics

There were 75 patients enrolled. The mean age of the subjects
was 57.0 + 14.7 years and 9 (12%) were male. The baseline subject
demographics were compared according to the presence or
absence of sinusitis (Table 1). There were no significant differences
in age, gender, atopic index, or atopic score between the two
groups.

Baseline lung function, PC,,, and laboratory data

The FEV, (%, predicted value) at study entry was significantly
lower in asthma patients with sinusitis than in those without
sinusitis, 79.2% vs. 88.2% (p = 0.031). This difference was sustained

Kim MH, et al.

after adjusting for age and gender. The FEV,/forced vital capacity
(FVQ) ratio trended lower in asthmatic patients with sinusitis,
but did not reach significance, 72.6% vs. 76.1%, (p = 0.076). The
PC,, was significantly lower in asthma patients with sinusitis, 5.2
mg/mL vs. 89 mg/mL, (p = 0.017). The FVC (%, predicted value)
was not significantly different between the two groups, 90.0%
vs. 96.9% (p = 0.117). Total IgE levels, 308.3 IU/mL vs. 154.1 1U/mL
(p = 0.191), leukocyte counts, 7,226.7/mm’ vs. 6,892.8/mm? (p =
0.500), and peripheral blood eosinophil counts, 395.3/mm? vs.
296.1/mm’ (p =0.168) also did not show statistically significant
differences between the two groups. The sputum eosinophil
percentages were higher in asthmatic patients with sinusitis than
in those without sinusitis, 13.1% vs. 6.6% (p = 0.026).

FEV, and healthcare utilization, and medication during
follow-up period

The best recorded FEV, during the three year follow-up did
not differ between the two groups, 96.0% vs. 99.0% (p = 0.452).
On the contrary, a worst FEV, was significantly lower (70.9%
vs. 79.0%, p = 0.046) and FEV, variability was greater (31.7% vs.
23.5%, p = 0.040) in patients with sinusitis compared to those
without sinusitis (Fig. 1). These differences were sustained after

Table 1. Comparison of demographics and clinical characteristics at the time of initial diagnosis of asthma according to the comorbid sinusitis

Variable With sinusitis (n = 38) Without sinusitis (n = 37) p-value
Age (yr) 586+ 134 553+159 NS
Male sex 6(15.8) 3(81) NS
Atopy rate 12 (31.6) 15 (40.5) 0476
Atopy index 17+£38 20+54 NS
Atopy score 22+22 29+25 NS
Nasal polyp’ 4/20 (20.0) 3/19(15.8) 1.000
Initial FVC (mL) 2462147263 2,7314+£8215 NS
Initial FVC (%) 90.0+18.7 969 + 14.1 NS
Initial FEV; (mL) 1,801.6 + 626.2 2,0914 +704.3 NS
Initial FEV; (%) 792 +204 882+ 147 0.031"
Initial FEV,/FVC (%) 726495 761+70 NS
PC, (Mg/mL) 52+58 8971 0017
Total IgE (IU/mL) 308.3 +590.2 1541+ 1920 NS
WBC (/mm?) 7,226.7 +2,136.0 6,892.8 +1,670.1 NS
Eosinophil count (/mm?) 395332511 2961 +2143 NS
Sputurn eosinophil (%) 131+ 155 6.6+85 0.026"

Values are presented as mean + standard deviation or number (%).

NS, not significant; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; PC,,, provocative concentration causing a 20% drop in FEV,; WBC,
white blood cell.

"Nasal polyp was evaluated by paranasal sinus computed tomography or rhinoscopy. ‘Multiple linear regression analysis with adjustment for age, sex.
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adjusting for age and gender. The number of hospital visits and
the frequency of acute asthma exacerbations were not different
between the two groups (Table 2).

There were no significant differences in the proportion of
patients who received systemic steroids or antibiotics, or in
the total dose of systemic steroids used. However, patients
with sinusitis were prescribed antibiotics for significantly
longer periods compared to those without sinusitis, 39.5 days
vs. 18.0 days (p = 0.013). There was no significant difference in
the frequency of use of antiasthmatic drugs such as inhaled

[ With sinusitis Il Without sinusitis
NS
Q® . .

;\3 90 A
w
=
S 80 1
v
2
=
s
8 70 A
&
a_
e 60

50 -

Initial

Initial Afrer 3 years

Afrer 3 years

[ With sinusitis

® ..

Il Without sinusitis

70 A

60 4

Predictive value (%)

50

Worst FEV,

steroids, inhaled long-acting 3-agonists, leukotriene modifiers,
theophylline, and anticholinergics or in the frequency of use of
rhinitis medications such as antihistamines and intranasal steroids
(Table 2).

Lung function and laboratory data after 3-year follow-up

After 3 years of follow-up, the FEV, and FEV,/FVC significantly
improved in patients with sinusitis (79.2% vs. 82.6%, p = 0.046 and
72.6% vs. 76.0%, p = 0.001, respectively). The FEV, and FEV,/FVC
did not significantly change in patients without sinusitis (88.2%

[ with sinusitis Il Without sinusitis
® s
100+ f !
—~ 9041
X
v
=]
[ 80
(0]
=
]
5 70+
4
o
60
50
Best FEV,
0 With sinusitis Il Without sinusitis
@ 40 _
I 1
30 |
S
g
= 204
>
v
=
=
2
5
L 10
o
0

FEV, variability

Fig. 1. Serial change in spirometric values after 3 years according to comorbid sinusitis in asthmatics patients. (A) Forced expiratory volume in 1 second
(FEV,) predictive value was improved only in asthma patients with sinusitis; therefore, an initial gap between the sinusitis group and without sinusitis
group disappeared after 3 years. (B) Best FEV, predictive value during 3 years showed no difference between sinusitis group and without sinusitis
group. (C) Asthma patients with sinusitis showed a lower FEV, predictive value than those without sinusitis. (D) FEV, variability was higher in asthma
patients in the sinusitis group than in those in the sinusitis group. p < 0.05, statistically significant.

apallergy.org

http://dx.doi.org/10.5415/apallergy.2014.4.4.222

225



Asia Pacific

Kim MH, et al.
Table 2. Comparison of clinical course and medications according to the comorbid sinusitis in asthmatic patients
Variable With sinusitis (n = 38) Without sinusitis (n = 37) p-value
No. of hospital visit for 3 years 204+79 184 +91 NS
Acute exacerbation 2(53) 1(27) NS
Asthma control test score 219426 (n=20) 219+30(n=18) NS
WBC (/mm3) 6,8774 +1,653.6 7100.8 + 19604 NS
Eosinophil count (/mm?) 3370+ 3073 253641998 NS
Systemic steroid 29 (76.3) 22 (59.5) NS
Antibiotics 28(73.7) 26 (70.3) NS
Total days using antibiotics 395+46.0 1804224 0.013
No inhaler/ICS only/ICS + LABA 6/3/29 (15.8/79/76.3) 3/4/30 (8.1/10.8/81.1) NS
Leukotriene antagonist 21 (55.3) 19 (51.4) NS
Theophylline 4(10.5) 4(10.8) NS
Anticholinergics 4(10.5) 0(0) NS
Antihistamine 29(76.3) 25 (67.6) NS
Intranasal steroid 20(52.6) 12 (324) NS

Values are presented as mean + standard deviation or number (%).

NS, not significant; WBC, white blood cell; ICS, inhaled corticosteroid; LABA, long acting 32-agonist.

vs. 87.2%, p = 0.503 and 76.1% vs. 77.7%, p = 0.050, respectively).
As a result, the initial difference in FEV, between the two groups
disappeared after 3 years of follow-up (82.6% vs. 87.2%, p = 0.262)
(Fig. 1). Peripheral blood leukocyte and eosinophil counts at 3
years after diagnosis were not different between the two groups
(Table 2). The ACT score after 3 years did not differ depending on
the presence of sinusitis (Table 2).

DISCUSSION

Although there have been many studies and reports about the
relationship between upper airway and lower airway diseases
[5, 12-19], sinusitis has not been intensively studied in terms of
its impact on asthma compared to allergic rhinitis [20-25]. Even
until currently, there have been only a few epidemiologic studies
on CRS and asthma, and that was investigated in 2012 [12]. In
that study, asthma and CRS was associated strongly (odds ratio,
347, 95% confidence interval, 3.20-3.76), and CRS without nasal
allergies was associated with late-onset asthma [12].

Chronic sinusitis is one of the common upper respiratory
diseases and known to affect airway hyperresponsiveness of the
lower airways [26]. Ponikau et al. [26] had showed that 91% of CRS
patients without asthma revealed airway hyperresponsiveness by
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methacholine challenge test and asthma patients with sinusitis
showed more severe airway hyperresponsiveness than those
without sinusitis in the current study.

In a previously reported study, eosinophil counts in the blood
and sputum of asthma patients were correlated with the CT
score of their sinusitis, which suggested that asthma and sinusitis
is a combined single inflammatory disease [27]. In the current
study, sputum eosinophil counts of asthma patients with sinusitis
were two times higher than patients without sinusitis and blood
eosinophil counts and total IgE also showed a tendency to be
higher in the group with sinusitis though without statistical
significance.

To date, studies over the impact of sinusitis on asthma have
been mainly about the surgical intervention of sinusitis or done
with children patients [28-31]. In one study, 78% of pediatric
patients who suffered from chronic respiratory symptoms more
than 3 months and used bronchodilator every day were able to
stop the bronchodilator after 2-5 weeks of antibiotic treatment
for sinusitis [6]. This research revealed that sinusitis could be an
aggravating factor of asthma and that treatment of sinusitis could
improve the clinical course of asthma. Friedman et al. [7] also
showed that asthma symptoms and lung function improved
after antibiotic treatment of sinusitis over 2-4 weeks in asthmatic
patients with bacterial sinusitis. In addition, a few studies
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observed short term improvement in asthma after medical
treatment of sinusitis in children [12, 13]; however, research
observed long-term effects in adult patients have been limited.
In this study, we analyzed the effect of sinusitis on the
long-term clinical outcome of asthma in adult patients. We
observed that baseline lung function was lower and airway
hyperresponsiveness and eosinophilic airway inflammation was
more severe in the asthma patients with sinusitis than in those
without sinusitis. These results suggest that sinusitis contributed
to the aggravation of lower airway inflammation. However,
after 3 years active treatment for asthma and sinusitis, the initial
difference in lung function between the two groups disappeared
by improvement in lung function in the patients with sinusitis.
Previously, ten Brinke et al. [16] revealed that chronic severe
sinus disease is a risk factor of frequent asthma exacerbation
in difficult-to-treat asthma patients. The study revealed that
severe chronic sinusitis is an independent risk factor of frequent
asthma exacerbations. In our study, there was no difference in
the rate of patients who experienced acute exacerbations and
in the frequency of exacerbations between the two groups.
There were no differences in the use of systemic steroids, asthma
medications, and rhinitis medications according to comorbid
sinusitis. However, the findings that patients with sinusitis showed
significantly larger fluctuations of FEV, and lower worst FEV,
suggest comorbid sinusitis make the patients more vulnerable to
asthma exacerbations. Hence, asthma patients with sinusitis can
have favorable outcomes in respect to long term lung function;
however, they still should be educated about their susceptibility
to asthma exacerbations and pay attention to sinus management.
There are several limitations in this study. First of all, we only
defined sinusitis as radiologic findings of simple PNS x-ray;
therefore, we could not differentiate between acute and chronic
sinusitis. In addition, a recent guideline suggested that the
definition of CRS is based on characteristic symptoms (>2 of
the followings nasal congestion, facial pain/pressure, anterior
or posterior nasal drainage, and reduced or absent sense of
smell) that last over 12 weeks and over the imaging studies [32].
When considering the research design of our study which was a
retrospective study, we could not collect information about the
patients’ symptoms in detail. Because of our retrospective study
design, we could not collect all information about reasons of
antibiotics prescription, asthma exacerbation and variable lung
function. We could consider that antibiotics might be prescribed
to control other diseases, such as upper respiratory infections
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(URI). Viral infection, air pollutants, aspirin medication could also
affect asthma exacerbation and variable lung function and these
factors could not be excluded. However, asthma patients with
sinusitis could be more vulnerable to viral infection (URI) or air
pollutants and more accompanied by nasal polyp and aspirin
hypersensitivity. Therefore, these factors could be one of the
characteristics of asthma patients with sinusitis. In the future
study, we have to gather information about exact reasons for
antibiotics use and asthma exacerbation. Second, we did not
evaluate additional examinations routinely other than the simple
x-rays, for example, rhinoscopy or PNS CT or magnetic resonance
imaging for identifying polyps in the nasal cavity. The presence of
polyps could be an important factor because the future direction
of treatment may be different [32]. Third, aspirin hypersensitivity
was not checked, which could be associated with CRS with nasal
polyp and asthma and might be candidates for treatment with
aspirin desensitization [32]. Finally, although this was the first
study that observed the long-term follow-up of adult asthma
patients according to the presence or absence of sinusitis, a
three-year study might be a relatively short period to conclude
the long-term effects of sinusitis on asthma and it is difficult to
clarify the causal relationship between sinusitis and lung function
variability. Therefore, a study that examines a longer period with
a prospective design will be needed.

In conclusion, comorbid sinusitis was related with lower lung
function, higher airway hyperreactivity, and more variable lung
function despite anti-asthmatic treatment; however, after 3 years
of continuous treatment, they showed good treatment response;
consequently, the lung functions between the two groups
became similar. Sinusitis may have a negative impact on asthma
initially; however, it can be overcome by steady treatment of
asthma and sinusitis.
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