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ABSTRACT
Objective: Asthma is frequently associated with chronic rhinosinusitis with nasal polyps (CRSwNP).
Although endoscopic sinus surgery (ESS) improves asthma control in CRSwNP patients with asthma,
the mechanism that underlies the response to surgical treatment is still unclear. We evaluated the
relevance of changes in asthma control and changes in airway/systemic inflammation in eosino-
philic CRSwNP patients with not well controlled asthma who underwent ESS.
Methods: We prospectively assessed changes in the asthma control questionnaire (ACQ)
score, blood eosinophil counts (B-Eos), forced expiratory volume in 1 s (FEV1), and fraction
of exhaled nitric oxide (FeNO) levels at 1-week before and 8 and 52weeks after ESS.
Results: Twenty-five subjects were analyzed. The ACQ score, B-Eos, and FeNO decreased,
and FEV1 increased significantly after ESS. In the period from baseline to 52weeks after ESS,
changes in ACQ were significantly correlated with the changes in blood eosinophil counts
(r¼ 0.58, p<.01) and FeNO (r¼ 0.45, p<.05). Ten subjects (40%) showed consistently
improved asthma control at 52-weeks after ESS. In the remaining subjects, although the
ACQ score temporarily improved at 8-weeks after ESS, but eventually deteriorated at 52-
weeks. Higher levels of total immunoglobulin E were associated with long-term improved
asthma control after ESS.
Conclusions: In eosinophilic CRSwNP patients with asthma, sinus surgery impacts asthma
control through the suppression of airway/systemic type 2 inflammation. The present study
reinforced the common pathophysiology of type 2 inflammation between the upper and
lower airways.
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Introduction

Asthma is frequently associated with chronic rhinosi-
nusitis (CRS) and a correlation between the two dis-
eases has been confirmed (1–3). CRS is a
heterogenous disease and classified into CRS with
nasal polyps (CRSwNP) and CRS without nasal polyps
(CRSsNP) according to the presence or absence of
nasal polyps. CRSwNP, which is a refractory type of
CRS, is more likely to be associated with asthma than
those with CRSsNP. Approximately 20–60% of
CRSwNP patients have comorbid asthma (4–6), sug-
gesting the presence of a correlation between
CRSwNP and asthma.

Although several types of mechanisms between
asthma and CRSwNP are considered, one of the
underlying mechanisms between the two diseases is
presumed to be a systemic type 2 inflammation. CRS
with eosinophilic type and asthma share a common
pathophysiology of eosinophil infiltration into the
upper and lower airways through blood circulation of
type 2 cytokine, such as interleukin (IL)-4, IL-5, and
IL-13 (7–9). Although recent articles and a meta-ana-
lysis described that endoscopic sinus surgery (ESS),
which is an endoscopic surgical procedure to remove
nasal polyps and clear the blockage of sinuses (10),
improved asthma control and reduced the frequency
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of asthma exacerbations in patients with CRS (11–18),
the mechanism is not well understood.

We hypothesized that changes in the asthma control
evaluated by Asthma control questionnaires (ACQ) of
the CRSwNP patients with asthma who underwent ESS
were linked to changes in airway/systemic inflamma-
tion. In this prospective, longitudinal observational
study, we evaluated the relevance of changes in asthma
control and changes in type 2-mediated airway/sys-
temic inflammation in eosinophilic CRSwNP patients
with asthma who underwent ESS. Moreover, we made
a comparison of characteristics of subjects with and
without improvement in asthma control.

Methods

Study subjects

All the subjects were recruited from January 2008 to
July 2013 at Wakayama Medical University Hospital.
Although Asian CRSwNP patients are classified by
eosinophilic type, neutrophilic type, and noneosino-
philic nonneutrophilic type (19), to focus on assess-
ment of type 2 inflammation, only CRSwNP patients
with eosinophilic type based on the pathological assess-
ment were eligible for the present study. Eligibility cri-
teria were as follows: (i) Subjects over 20 years old; (ii)
satisfied the standard criteria for asthma (20); (iii) diag-
nosis of CRSwNP based on the definition in the

European Position Paper on Rhinosinusitis and Nasal
Polyps (EPOS) 2012 (21) with nasal symptoms; (iv)
infiltration of eosinophils into nasal polyps (more than
70 eosinophils per a microscopic field), and (v) not
well controlled asthma (ACQ score >0.75). Exclusion
criteria were as follows: (i) a clinical diagnosis of
respiratory diseases other than asthma; (ii) a clinical
diagnosis of eosinophilic lung disease such as eosino-
philic granulomatosis with polyangiitis and allergic
bronchopulmonary mycosis; (iii) not diagnosed with
CRSwNP pathologically; (iv) current smoking, and/or
necessity for alternation of asthma controller during
follow up period; (v) necessity for administration of
systemic corticosteroids within 2weeks before the
observational visit; and (vi) individuals judged unsuit-
able (i.e. poor treatment adherence). This study was
approved by the ethics committee of Wakayama
Medical University (institutional review board #526)
and all patients gave written informed consent. The
study was prospectively registered with the University
Hospital Medical Information Network (UMIN) in
Japan (protocol ID 000006299).

Study design

This was a prospective 53-week single-center, observa-
tional study (visits 1–3) (Figure 1). Asthma patients
with CRSwNP were enrolled at 1week before ESS as
the treatment for mitigation of nasal symptoms (i.e.

Figure 1. Study design. At 1 week before ESS (Visit 1), ACQ score, lung function test, FeNO, blood sampling and total serum IgE
were measured in 28 patients. Three patients were excluded. At 8 weeks after ESS (Visit 2) and 52 weeks after ESS (Visit 3), ACQ
score, lung function test, FeNO and blood sampling were measured in the included 25 patients.
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nasal obstruction, olfactory impairment) and then
attended for visits at 8 and 52weeks after ESS.
Various parameters were assessed at the visits.

Evaluation of asthma control

The ACQ score, which is a validated tool for measurement
of asthma control, was used for the assessment of asthma
control in the present study (22,23). ACQ score< 0.75 was
previously considered to indicate well controlled asthma
(24) and ACQ> 0.75 was thereby defined as not well con-
trolled asthma in the present study. An ACQ score change
of at least 0.50 has been previously defined as the minimal
important difference (25). Subjects were divided into two
groups based on the change in ACQ score.We defined that
those with a decrease in the ACQ score � 0.5 at 52weeks
after ESS were the improved group and a decrease in the
ACQ score< 0.5 were the unimproved group.

Blood sampling

Complete blood cell counts, differential counts of leuko-
cytes, total serum immunoglobulin E (IgE) levels, and
specific IgE for common inhaled allergens including
house dust, mite, anthoxanthum odoratum, chamomile,
ragweed, mugwort, aspergillus, candida, dog, and cat
were examined using the ImmunoCAP system
(Pharmacia Diagnostics, Uppsala, Sweden). Blood
eosinophil counts 300/mL or more were considered as
elevated according to the previous reports (26,27).
Positive specific IgE (>0.7 UA/mL) to at least one aller-
gen was assumed to confirm the presence of atopy.

Pulmonary function and exhaled nitric oxide
measurement

Vital capacity (VC), forced vital capacity (FVC), and
forced expiratory volume in 1 s (FEV1) were measured
using a dry-rolling seal spirometer (CHESTAC-8800;
Chest Co., Tokyo, Japan). The predictive values were
estimated by the prediction formula of the Japanese
Respiratory Society. The exhaled nitric oxide fraction
(FeNO) was measured by a widely used electrochem-
ical nitric oxide analyzer (NIOX MINO; Aerocrine,
Solna, Sweden) as previously described (28). FeNO
35 ppb or more was considered as elevated according
to the previous reports (26,29).

Statistical analyses

For comparison between baseline characteristics and
the characteristics after ESS, Wilcoxon signed rank

sum test was used. The Spearman’s rank-order correl-
ation coefficient analysis was performed to validate
the correlations between change in ACQ score, change
in blood eosinophil counts and in FeNO. For a com-
parison of subjects with and without improvement in
asthma control, Mann-Whitney U-test was used.
Repeated-measures analysis of variance (ANOVA) was
used to compare variables between the three visits (at
1 week before ESS, 8 and 52weeks after ESS). p<.05
was considered statistically significant.

All statistical analyses were performed with EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan; http://www.jichi.ac.jp/saitama-sct/
SaitamaHP.files/statmedEN.html; Kanda, 2012), which
is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria, version
2.13.0) (30).

Results

Subject characteristics at baseline and 52weeks
after ESS

A total of 28 patients were recruited for the study,
and three patients were excluded; 2 were because of
an alteration in the asthma controller during follow
up period, and one was because of the administration
of systemic corticosteroids within 2weeks before the
observational visit. Finally, 25 CRSwNP patients asso-
ciated with not well controlled asthma (ACQ score>
0.75) were enrolled in our analysis. ESS was per-
formed with conventional methods and the interven-
tion was identical in all subjects. All the subjects
received inhaled corticosteroids plus long-acting beta-
agonist therapy. The characteristics of the baseline
and 1 year after ESS are shown in Table 1. About one
half of the patients were female and aged
53.8 ± 12.6 years and all subjects were atopic. The spe-
cific IgE against Staphylococcus aureus enterotoxin
and a history of aspirin exacerbated respiratory dis-
ease (AERD) were not evaluated. Peripheral blood
eosinophil counts and FeNO at baseline were elevated.
ACQ score significantly decreased 52weeks after ESS
(p<.001). Blood eosinophil counts and FeNO signifi-
cantly decreased 52weeks after ESS (p<.0001). FEV1

and FEV1 percentage of predicted value significantly
increased after ESS (p¼.007 and p¼.009).

Change in ACQ score and type 2 biomarkers at 8
and 52weeks after ESS

Ten (40%) patients were in the improved group, and
the ACQ score was consistently improved at 8 and

JOURNAL OF ASTHMA 3

http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html
http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html


52weeks after ESS. Fifteen (60%) patients were in the
unimproved group (Figure 2A). In the unimproved
group, although the ACQ score temporarily improved
at 8-weeks after ESS, it eventually deteriorated at 52-
weeks after ESS. In the period from 8-weeks to 52-
weeks after ESS, their type 2-inflammation biomarkers,
such as blood eosinophil counts and FeNO changed in
parallel with their ACQ score (Figure 2B,C). Repeated-
measures ANOVA revealed significant changes in ACQ
score (p<.01), blood eosinophil counts (p<.001), FeNO
(p<.005), and percent predicted of FVC (p<.01) at
1week before ESS, 8 and 52weeks after ESS.

The short/long-term relevance of changes in ACQ
and changes in type 2 airway/systemic
inflammation

In the short-term after ESS, changes in ACQ score were
not correlated with the changes in blood eosinophil
counts (r¼ 0.20, p¼ .34, Figure 3A), but significantly

Figure 2. A–C: The short/long-term mean (standard deviation) changes in ACQ, blood eosinophil counts and FeNO from 1-week
before endoscopic sinus surgery. Ten subjects (40%) were in the improved group, while 60% (n¼ 15) of the patients were in the
unimproved group. The ACQ score temporally improved in the short-term even in the ACQ score unimproved group. Transitions in
type 2 inflammation biomarkers from 8 weeks to 52 weeks after ESS were concordant with those in the ACQ score in the unim-
proved group.

Table 1. Characteristics of baseline and 1-year after
sinus surgery.

Characteristics Baseline

1-year
after sinus
surgery p Value

Female/Male 13/12
Age 53.8 ± 12.6
Body mass index 21.8 ± 3.6
ACQ score 1.3 ± 0.5 0.8 ± 0.6 <.001
VC (L) 3.42 ± 0.93 3.46 ± 0.91 .438
VC % of predicted (%) 95.3 ± 12.8 96.8 ± 13.3 .353
FVC (L) 3.36 ± 0.88 3.41 ± 0.86 .306
FVC % of predicted (%) 95.3 ± 10.2 97.5 ± 14.7 .426
FEV1 (L) 2.41 ± 0.61 2.51 ± 0.60 .007
FEV1 % of predicted (%) 82.6 ± 12.1 87.1 ± 15.1 .009
WBC (/mL) 6989 ± 1789 6904 ± 1620 .775
Blood eosinophils (%) 10.2 ± 4.8 6.2 ± 3.3 <.0001
Blood eosinophil counts (/lL) 727 ± 439 445 ± 299 <.0001
Atopic/Non-atopic 25/0
Total serum IgE (IU/mL) 602 ± 550
FeNO (ppb) 67.8 ± 37.4 34.6 ± 16.7 <.0001

Data are presented as means ± standard deviation. For comparison
between baseline characteristics and the characteristics after ESS,
Wilcoxon signed rank sum test was used. Atopic was defined as positive
specific IgE (>0.7 UA/mL) to at least one allergen.
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correlated with the changes in FeNO (r¼ 0.49, p<.05,
Figure 3B). In the long-term after ESS, changes in ACQ
score were significantly correlated with the changes in
blood eosinophil counts (r¼ 0.58, p<.01, Figure 3C)
and FeNO (r¼ 0.45, p<.05, Figure 3D).

A comparison of characteristics of subjects with
and without improvement in asthma control

In Table 2, the improved group showed significantly
higher total IgE levels compared with the unimproved

group (p<.027). No significant differences were seen in
the patients’ characteristics at baseline, such as age,
BMI, pulmonary function, ACQ score, peripheral blood
eosinophil counts, and FeNO except for the total IgE
level. Based on twice the reference value of serum IgE
levels, patients divided into higher IgE group (baseline
total IgE � 601 IU/mL) and lower IgE group. In short/
long-term after ESS, ACQ score in the higher IgE group
decreased more than in the lower IgE group (Figure
4A,B). Compared the lower IgE group with the higher
IgE group, except for baseline ACQ score and FEV1

Figure 3. A–D: Correlations between change in ACQ score and blood eosinophil counts and FeNO. The spearman correlation analysis
was performed. Change in ACQ at 52 weeks after ESS positively correlated with changes in the blood eosinophil counts and FeNO.
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none of the characteristics were significant. Moreover,
no significant correlations were observed between
changes in ACQ score after ESS and ACQ and FEV1

values at baseline (data not shown).

Discussion

We verified our hypothesis that changes in asthma
control were related to short/long-term changes in

airway/systemic type 2 inflammation in eosinophilic
CRSwNP patients with asthma who underwent ESS.
To our knowledge, this is the first study demonstrat-
ing the short/long-term impact of sinus surgery on
airway/systemic type 2 inflammation in asthma
patients with eosinophilic CRSwNP. Recently,
Jerschow et al. reported the short-term study that the
type 2 inflammation, such as FeNO and blood eosino-
phil counts, were decreased after the sinus surgery in
patients with AERD (31). Because our study evaluated
not only short-term but also evaluated long-term
impact of ESS on type 2 inflammation, the present
study reinforced the pathophysiology regarding the
association and management of airway/systemic type
2 inflammation between the upper and lower airways.

Our study demonstrated strong correlation between
asthma control and type 2 airway/systemic inflamma-
tion in eosinophilic CRSwNP patients with asthma
after ESS. Recently, cluster analysis of nasal polyps
confirmed that CRSwNP patients predominantly
showed a type 2 molecular phenotype cytokines (32),
which led to hypothesize that type 2 cytokines from
nasal polyp adversely affect asthma control in asthma
patients with CRSwNP. In fact, one of the underlying
pathophysiology between asthma and CRSwNP was
elucidated to be a systemic type 2 inflammation (7–9).

Table 2. A comparison of characteristics of subjects with and
without improvement in asthma control.

Asthma control
1-year after
sinus surgery

Baseline
characteristics

Improved
group (n¼ 10)

Unimproved
group (n¼ 15) pvalue

WBC (/mL) 6145 (5555-8625) 6840 (6370–7955) .683
Blood eosinophils

(%)
9.8 (8.2–13.1) 8.1 (6.8–10.9) .346

Blood eosinophil
counts (/lL)

606 (560–790) 543 (431–884) .367

Total serum IgE
(IU/mL)

738 (374–1488) 336 (211–533) .027

Sensitized allergen
number

2.5 (2.0–3.8) 2.0 (2.0–3.0) .382

FeNO (ppb) 75.6 (54.0–113.3) 48.0 (32.2–70.8) .081

Data are presented as median (interquartile range). For comparison
between asthma improved group and unimproved group, Mann-
Whitney U-test was used. Sensitized allergen number was defined as
the number having positive specific IgE (>0.7 UA/mL).

Figure 4. A and B: Changes in ACQ score from baseline to 8weeks (A) and from baseline to 52weeks (B) in subjects with baseline
total IgE <601 IU/mL and �601 IU/mL after ESS. The data are presented as median (interquartile range). For the comparison,
Mann-Whitney U-test was used. ACQ score in subjects with baseline total IgE � 601 IU/mL were more improved than those with
baseline total IgE < 601 IU/mL.
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Recently, the sinus surgery reduced serum periostin, a
surrogate for type 2 inflammation, in asthma with
eosinophilic CRSwNP (33). Consequently, in the pre-
sent study, improvement in both asthma control and
type 2 airway/systemic inflammation after ESS is pre-
sumed to be due to reduction in type 2 cytokine after
surgical removal of nasal tissues. We previously
reported that nasal corticosteroids significantly
improved ACQ score in asthma patients with allergic
rhinitis (34). Moreover, the study included correla-
tions between the changes in FeNO and ACQ after
nasal corticosteroid treatment (34). In accordance
with these findings, another previous report demon-
strated that the severity of allergic rhinitis was corre-
lated with asthma control (35). Our results are in line
with these previous studies. Considering these find-
ings, surgical treatment for eosinophilic CRSwNP may
have a potential to improve asthma control through
suppression of type 2 inflammation. Interestingly, the
ACQ score temporally improved after ESS in the
short-term even in the unimproved group, although it
cannot be denied that this might be due to temporal
avoidance of exposures to a specific allergen in tem-
porally improved subjects. However, subjects with
these short-term improvements finally showed deter-
iorated asthma control in association with increased
blood eosinophil counts and FeNO. In the temporally
improved subjects, transitions in type 2 inflammation
biomarkers (i.e. blood eosinophil counts and FeNO)
from 8weeks to 52weeks after ESS were concordant
with those in the ACQ score, suggesting the useful-
ness of monitoring of type 2 inflammation biomarkers
for the prediction of asthma worsening after ESS.

Baseline total IgE level was associated with long-
term improved asthma control after ESS. Our study
found that the ACQ score showed greater improve-
ments in the higher IgE group (baseline total IgE �
601 IU/mL) than in the lower IgE group (baseline
total IgE < 601 IU/mL). It cannot be denied that there
was more room for improvement of ACQ score in the
higher IgE group, as the higher IgE group showed sig-
nificantly worse ACQ score and FEV1 at baseline
compared with the lower IgE group. However, no cor-
relations were observed between changes in ACQ
score after ESS and ACQ and FEV1 values at baseline.
Generally, the total IgE levels are recognized as an
indicator of type 2 inflammation, while lower baseline
total IgE level was associated with worse asthma con-
trol by ESS in our study. Remarkably, even in three
patients with total serum IgE levels greater than
1500 IU/mL, which cannot be neutralized by anti-IgE
antibody treatment, responded to the ESS surgery.

This cannot be explained only by allergic response
with T-helper cell type 2 cells. One plausible explan-
ation might be that nonallergic eosinophilic airway
inflammation, which originates from innate immunity
of more refractory immune mechanism than allergic
response, was dominant in the lower IgE group in our
study. Nonallergic eosinophilic airway inflammation
asthma, which is defined by the absence of serum IgE
against specific antigens, has recently been considered
more important in allergic diseases (36). Nonallergic
eosinophilic airway inflammation asthma involves
group 2 innate lymphoid cells (ILC2), and ILC2 was
elevated in chronic rhinosinusitis with nasal polyps
(37). Interestingly, some recent studies have reported
that ILC2s in response to IL-33 in vitro produced
high levels of IL-5 and IL-13 and low levels of IL-4,
which induces IgE production from B cells (38,39).

There are several limitations to our study. First, the
sample size was small and further studies in larger
samples might be required to strengthen our result.
Second, many details of the underlying cytokine net-
work in the upper and lower airway remain unknown,
and we did not measure the serum and sputum con-
centrations of type 2 cytokines such as IL-4, IL-5, and
IL-13. Third, we measured serum IgE only at baseline,
and our study did not measure serum IgE in the same
period of the year. Therefore, it cannot be denied that
seasonal variation of serum IgE affected our results.
Further immunological and pathological studies are
needed to clarify the underlying pathophysiology of
CRSwNP and asthma in detail. Forth, our study had
no control groups of CRSwNP subjects without
asthma, since asthma patients with CRSwNP were
enrolled for treatment to improve nasal, and this was
a purely observational study. However, it was difficult
to compare CRSwNP patients with and without
asthma, because CRSwNP is frequently associated
with asthma. Finally, our study did not evaluate the
number of asthma exacerbations and the CRS clinical
parameters such as the 22-item Sino-Nasal Outcome
Test (SNOT-22) and Lund-Mackay score and did not
evaluate whether nasal polyps relapsed after ESS.
Management of severe asthma with sinusitis is an
unresolved issue and further studies are needed in
this field.

Conclusions

Sinus surgery impacts asthma control through sup-
pression of airway/systemic type 2 inflammation in
eosinophilic CRSwNP with asthma. The present study
reinforced the pathophysiology regarding the
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association and management of airway/systemic type
2 inflammation between the upper and lower airways.
Further study is required to confirm the predictive
factors for long-term improved asthma control after
ESS and to establish optimal treatments for CRSwNP
patients with asthma.
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