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Purpose: Fractional exhaled nitric oxide (FENO) reflects eosinophilic inflammation of the
airways. However, the significance of longitudinal assessment of FENO, including its
variability, in the clinical course of severe asthma remains unclear. The aim of this study
is to examine the association between long-term changes in FENO and the development of
exacerbations in severe asthma.

Patients and Methods: Among the severe asthma patients enrolled in the Hokkaido
Severe Asthma Cohort Study, 100 patients with severe asthma who completed a 3-year
follow-up in which FENO was measured annually were included. According to the FENO
level at baseline, 1 year, and 2 years, the patients were classified into three groups: the
sustained high group (=50 ppb at all three visits), the sustained low group (<25 ppb at all
three visits), and the intermediate group (other). Subjects in the intermediate group were
further classified into two groups based on the median value of the coefficient of variation
(CV) of FENO during the 3 years (high CV and low CV intermediate groups).

Results: The sustained high group experienced shorter exacerbation-free survival and more
frequent exacerbations than the sustained low group (median number of exacerbation events,
3 vs 0, p = 0.01). In the intermediate group, the high CV group experienced shorter
exacerbation-free survival than the low CV group, and the CV of FENO was an independent
contributing factor to the development of exacerbations.

Conclusion: Persistence of FENO above 50 ppb over the years as well as the presence of
large variations in FENO levels was associated with the development of exacerbations in
patients with severe asthma.

Keywords: asthma, coefficient of variation, exacerbation, fractional exhaled nitric oxide,
longitudinal assessment, variability

Introduction

Some patients with severe asthma remain uncontrolled despite good adherence to
high-dose inhaled corticosteroids (ICS) and treatment of contributory factors;
severe asthma also places a major health and economic burden.' There are at
least two distinct subgroups in asthma: high expression of type 2 cytokines asso-
ciated with eosinophilic airway inflammation and low expression of type 2 cyto-
kines associated with neutrophilic airway inflammation.” Severe asthma is
heterogeneous, and distinct phenotypes have been recognized even in cigarette
smokers with severe asthma.> On the other hand, non-invasive measurement of
fractional exhaled nitric oxide (FENO) reflects eosinophilic inflammation in the
lower respiratory tract.* Nitric oxide is generated in the airways by inducible nitric
oxide synthase (iNOS or NOS-2), which is mediated by type 2 cytokines, such as
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interleukin (IL)-4 and IL-13.% Although iNOS is generally
expressed in activated cells, it is also constitutively
expressed not only in inflammatory state.® FENO is asso-
ciated with the levels of eosinophils in the airway mucosa,
bronchoalveolar lavage fluid, sputum, and blood;7’8 thus,
FENO levels are high in patients with asthma character-
ized by type 2 inflammation.” High FENO levels have also
been reported to be associated with good short-term
response to ICS.'™'" We previously reported that in
patients with severe asthma, FENO at baseline had
a potential to predict future exacerbations.'”> However,
since asthma is a chronic disease with variable symptoms
and clinical course, longitudinal assessment of biomarkers
would be more significant than baseline assessment alone,
and the significance of annual longitudinal assessment of
FENO, including its variability, in the clinical course of
severe asthma, especially the development of exacerba-
tions, remains unclear. We hypothesized that fluctuation
of FENO levels on an annual basis might be associated
with the development of exacerbations in patients with
severe asthma.

The Hokkaido Severe Asthma Cohort Study or the
Hokkaido-based Investigative Cohort Analysis for
Refractory Asthma (Hi-CARAT) is a multicenter observa-
tional cohort study that primarily aimed to characterize
patients with severe asthma, including smokers. We com-
pleted a 3-year follow-up with annual assessments of
FENO and other clinical parameters. In this study, we
retrospectively examined the association of annual long-
itudinal measurements in FENO levels and the develop-
ment of exacerbations in a 3-year observational cohort of
patients with severe asthma.

Patients and Methods

Study Protocol and Participants

The study is based on data from the Hokkaido Severe
Asthma Cohort Study (Hi-CARAT), which has previously
been described in detail.'*'? Patients with severe asthma
were enrolled from Hokkaido University Hospital
(Sapporo, Japan) and 29 affiliated hospitals and clinics
between February 2010 and September 2012. This study
was conducted in accordance with the Declaration of
Helsinki, and ethical approval for conducting this study
was obtained from the Institutional Review Board of
Hokkaido University Hospital (reference number: 009-
0025). This study was approved by the ethics committees
of all hospitals, and all subjects provided written informed

consent. This study was registered in the University
Hospital Medical Information Network Center Clinical
Trials Registry system (https://upload.umin.ac.jp/cgi-open-
bin/ctr/ctr_view.cgi?recptno=R000003917). The diagnosis
of severe asthma is based on the American Thoracic

Society (ATS) criteria for refractory asthma published in
2000,"* with slight modifications.*'*'* Once patients were
well controlled under current medications, they were asked
if within 1 year they experienced episodic deterioration of
symptoms, urgent care visits, and rescue use of short-
acting bronchodilators when the dose of the current med-
ication was reduced, in order to consider them as having
severe asthma. Participants stayed at Hokkaido University
Hospital for 2 days for initial screening and were followed
up every 1 year on an outpatient basis for 3 years. Before
initial screening, subjects were asked to demonstrate
adherence to all drugs using a 4-week self-monitoring
diary. Subjects with poor medication adherence to their
medications and inadequate medication
inhalation technique were excluded, and a total of 127
subjects with severe asthma were included in the baseline
analysis. During the follow-up period, all subjects were
asked to record their medication use for 4 weeks
per season (for a total of 16 weeks per year) in their
asthma diaries to assess medication adherence. Patients
also visited at each hospital and clinic every 1-2 months,
and their medication adherence and inhalation technique
were checked by their physician each time. Subjects with
low adherence (<70%) were excluded from the final

analysis.

FENO Measurement

FENO levels were measured using the single-breath
online method with NIOX MINO (Aerocrin, Stockholm,
Sweden) according to the ATS guidelines.'® FENO levels
were measured four times: at the initial screening at visit
entry (VE), 1 year later (V1), 2 years later (V2), and 3
years after VE (V3). Detailed measurements of other
biomarkers have been described in detail in previous

reports.>!%!3

Assessment of Exacerbation

Asthma exacerbation was defined as the need for systemic
corticosteroids for more than 3 days and/or hospital admis-
sion, corresponding to “severe exacerbation” based on the
European Respiratory Society/ATS guidelines for severe

asthma.'®
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Statistical Analysis

Descriptive statistics of patient characteristics within the
cohort were calculated. Continuous variables were sum-
marized using mean and standard deviation for continuous
parametric variables, and median and interquartile range
(difference between the 25th and 75th percentiles) for
continuous non-parametric variables. The individual coef-
ficients of variation (CV) of FENO levels were calculated
by dividing the standard deviation of FENO from each VE
to V3 by the average value. To examine the differences
among groups, we used the Chi-square test for categorical
variables, the Student’s z-test or one-way analysis of var-
iance for continuous parametric variables, and the Mann—
Whitney U-test or Kruskal-Wallis test for continuous non-
parametric variables. Post-hoc Dunn’s test was used for
non-parametric multiple comparisons. Factors associated
with exacerbation-free survival were analyzed using the
Cox proportional hazards model and the Kaplan—Meier
method with the Log-rank test. Factors associated with
the frequency of exacerbation were analyzed using the
Poisson regression model. Results were presented as
hazard ratios and 95% confidence intervals (Cls). For
cluster analysis, a hierarchical clustering method was per-
formed. Statistical significance was defined as p <0.05.
Statistical analyses were performed using JMP (SAS
Institute Inc., Cary, NC, USA) and EZR version 1.42
(Saitama Medical Jichi Medical
Saitama, Japan), which is a graphical user interface for

Center, University,
R software (The R Foundation for Statistical Computing,
Vienna, Austria).'®

Results
Demographic Characteristics of the
Subjects

A flow chart demonstrating the study process from the
initial screening at visit entry (VE) to 1 year later (V1),
2 years later (V2), and 3 years after VE in the follow-up
period (V3) is shown in Figure 1. Altogether, 100 subjects
with severe asthma whose FENO levels were measured at
all visits of VE, V1, and V2 were analyzed in this study.
The characteristics of the 100 subjects are shown in Table
1. The average age at registration was 58.5 £ 12.2 years;
58% of the patients were female (n = 58) and 61% were
atopic (n = 61). Twelve (12%) of the subjects were current
smokers and 51 (51%) were ex-smokers, and the mean
number of years since cessation among ex-smokers was
15.7 + 11.5 (standard deviation) years. Thirty-seven

subjects (37%) used daily oral corticosteroids (OCS).
The median FENO at baseline (VE) was 27.5 ppb
(range, 17.0-47.5 ppb). During the 3-year follow-up per-
iod, 59 subjects (59%) experienced at least one exacerba-
tion, and the median number of exacerbation events was
1.5 (interquartile range, 0—4).

Annual Changes in FENO

We used FENO values at 25 ppb and 50 ppb as thresholds
indicating low and high levels of FENO based on the ATS
guidelines.'® As shown in Figure 2, 24% of the subjects
had FENO levels of 50 ppb or greater at baseline (VE);
50% of them still had FENO level of at least 50 ppb after
1 year (V1), and 75% of them had sustained FENO level
of at least 50 ppb after 2 years (V2). On the other hand,
47% of the subjects had FENO levels less than 25 ppb at
baseline. Approximately 85% of them still had FENO
levels lower than 25 ppb after 1 year, and 83% of them
had FENO less than 25 ppb after 2 years.

We classified the subjects into three groups according
to FENO values at VE, V1, and V2: (1) the sustained high
group (=50 ppb at all three visits), (2) the sustained low
group (<25 ppb at all three visits), and (3) the intermediate
group, which did not meet any of the two aforementioned
criteria. Nine (9%) subjects were classified into the sus-
tained high group, 33 (33%) into the sustained low group,
and 58 (58%), intermediate group. After 3 years (V3),
88% of the sustained high group had FENO >50 ppb and
83% of the sustained low group had FENO <25 ppb
(Figure 2).

As shown in Table 1, the use of regular OCS was
significantly more frequent in the sustained high group,
and the prevalence of sinusitis was low in the sustained
low group. Overall exacerbation events during the 3-year
follow-up period were more frequent in the sustained high
group than in the sustained low group (median number of
exacerbation events, 3 [interquatile range (IQR) 1.5-14.5]
vs 0 [IQR 0-2], p = 0.01, Figure 3).

Analysis of the Intermediate Group

We calculated the individual CV of FENO levels from VE
to V3 for subjects in the intermediate group. The median
CV of subjects in the intermediate group was 0.335 [range
0.200-0.520], and the intermediate group was classified
into two groups: one higher than the median (high CV,
n=29) and one lower than the median (low CV, n=29).
Table 2 shows the clinical characteristics of the two
groups. There were no significant differences in age,
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N=127

Patients diagnosed with severe asthma

Lost to follow up, N=10
Unavailable exacerbation data, N=5

Y

N=112

Availability of the 3-year exacerbation data

Poor medication adherence (<70%), N=2
Unavailable medication adherence data, N=5

N=105

Analysis of exacerbation data

—> Unavailable FENO data at VE, V1, or V2, N=5

N=100

Analysis of FENO variation

Figure | Flow-chart showing the study process.

body mass index, or pulmonary function test results
between the two groups. The asthma control test score,
asthma quality of life questionnaire score, and score for
sinusitis (Lund—Mackay score) also did not differ between
the two groups. The smoking (pack-years) and depression
scores (Self-Rating Depression Scale) were significantly
higher in the high CV intermediate group than in the latter.
The number of atopic subjects and the daily dose of ICS
tended to be higher in the high CV intermediate group,
although these did not reach statistical significance.
Moreover, exacerbation-free survival was shorter in the
high CV intermediate group than in the low CV intermedi-
ate group (Figure 4). The Kaplan—Meier curve for exacer-
bation-free survival of the high CV intermediate group was
similar to that of the sustained high group, and the

Kaplan—Meier curve of the low CV intermediate group
was similar to that of the sustained low group (p = 0.03,
Log-rank test among the four groups) (Figure 4). When
subjects in the high CV intermediate group were classified
into two groups based on the pattern of FENO variation by
cluster analysis (Figure 5), the peak of FENO in one group
was VN and the other was V2. There was no difference in
exacerbation-free survival among the clustered groups;
most of the subjects in the high CV intermediate group
experienced their first exacerbation within 1
(Figure 6).

In the intermediate group, the multivariate Cox propor-
tional hazards model showed that the CV of FENO was
a significant and independent risk factor for the early onset
of the first exacerbation event (Table 3). Furthermore, the

year
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Table | Characteristics of Subjects at Baseline by Group, Based on Changes in FENO Over Three Years
All Patients Sustained Low Intermediate Sustained High P-value
(n =100) (n=33) (n =58) (n=9)
Demographics
Age, year 585 % 12.2 57.6 £ 13.1 59.9 £ 108 528 % 167 0.24
Female, N (%) 58 (58.0%) 18 (54.6%) 35 (60.3%) 5 (55.6%) 0.86
Asthma duration, year 19.1 + 145 220+ 163 18.1 £ 14.0 I5.1 +9.8 0.32
Smoking status (Current/Ex/Never) 12/51/37 6/19/8 6/27/25 0/5/4 0.19
Pack-years 5.5 (0-22.7) 8.3 (0.1-23.3) 5.2 (0-24.5) 2.3 (0-8.0) 0.24
Body mass index, kg/m? 255+ 5.0 253 £ 46 253 +53 27.0 £ 47 0.63
Daily ICS dose,* pg 1629 £ 510 1779 + 548 1532 + 482 1700 + 450 0.08
Maintenance OCS use, N (%) 37 (37.0%) 10 (30.3%) 20 (34.5%) 7 (77.8%) 0.03
Atopy, N (%) 61 (61.0%) 18 (54.6%) 37 (63.8%) 6 (66.7%) 0.64
ACT 21.0 (17.0-23.0) 21.0 (17.5-23.0) 21.0 (15.8-23.0) 21.0 (16.5-25.0) 0.71
AQLQ 5.5 (4.8-6.3) 5.5 (4.8-6.2) 5.5 (5.0-6.3) 6.1 (4.3-6.6) 0.89
Biomarkers
Blood eosinophil, cells/pL 218 (84-479) 83 (38-126) 370 (145-627) 476 (250-577) <0.001
Blood neutrophil, cells/pL 4575 (3231-6005) 5551 (3568-6576) 4255 (3110-5616) 3271 (2787-6165) 0.19
Total serum IgE, 1U/mL 164 (58-402) 114 (24-365) 189 (60—419) 220 (94-385) 0.28
Sputum eosinophil, % 6.8 (0.8-29.6) 0.8 (0.2-2.2) 16.8 (2.5-36.8) 21.3 (6.6-38.6) <0.001
FENO, ppb 27.5 (17.0-47.5) 15.0 (10.0-19.0) 37.0 (24.8-51.3) 91.0 (74.5-186.0) <0.001
Pulmonary function test
FEV,, % predicted 91.6 192 914+ 18.0 91.5+19.7 929 % 22.1 0.98
FEV|/FVC, % 66.4 £ 12.7 673 £ 139 657 £ 11.9 678 = 144 0.80
Comorbidities
AERD, N (%) 13 (13.0%) 8 (24.2%) 3 (5.2%) 2 (22.2%) 0.02
Allergic rhinitis, N (%) 49 (49.0%) 13 (39.4%) 31 (53.5%) 5 (55.6%) 0.40
LMS 3.0 (0-9.0) 0 (0-3.0) 6.5 (1.8-12.0) 6.0 (3.0-12.5) <0.001
Nasal polyp, N (%) 25 (25%) | (3.0%) 21 (36.2%) 3 (33.3%) <0.001
FSSG 8.0 (3.0-14.0) 8.0 (4.0-15.5) 8.0 (3.0-14.3) 3.0 (1.0-10.5) 0.39
SDS 38.0 (32.0-46.0) 41.0 (33.0-47.5) 37.5 (31.0-45.3) 45.0 (31.0-54.5) 0.43

Notes: Data are shown as the mean % standard deviation, median (interquartile range), or number (%). P-values were obtained using a chi-square test, one-way analysis of
variance, or the Kruskal-Wallis test, as appropriate. *Equivalent to budesonide dose.
Abbreviations: ACT, asthma control test; AERD, aspirin-exacerbated respiratory disease; AQLQ, asthma quality of life questionnaire; FENO, fractional exhaled nitric
oxide; FEV, forced expiratory volume in | s; FVC, forced vital capacity; GERD, gastroesophageal reflux disease; ICS, inhaled corticosteroids; LMS, Lund-Mackay score; OCS,
oral corticosteroids; FSSG, frequency scale for the symptoms of GERD; SDS, self-reported depression scale.

multivariate Poisson regression model showed that blood
eosinophil count and CV of FENO were significantly asso-
ciated with exacerbation frequency during the follow-up per-
iod (Table 3).

Discussion

We examined the association of annual longitudinal
measurements in FENO with the development of exacer-
bation in severe asthma using data from the Hokkaido
Asthma  Cohort Study  (Hi-CARAT),
a prospective cohort study. We found that persistence

Severe

of FENO levels above 50 ppb over the years was asso-
ciated with the development of exacerbations in patients
with severe asthma. In addition, even if the FENO level
was not sustainably above 50 ppb, the large variation in
FENO levels was associated with the development of
exacerbations.

FENO has been found to reflect eosinophilic inflam-
mation in the airways of asthmatic patients.'® Previous
studies have also supported FENO’s role in reflecting

117—19

asthma contro and as a biomarker of response to

ICS therapy.”®?' On the other hand, eosinophilic airway
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Figure 2 Changes in FENO over a 3-year follow-up period.

2 and

inflammation measured based on induced sputum?®
FENO?® in asthmatic patients is known to exhibit tem-
poral oscillations. Therapeutic strategies targeting type 2
inflammation in asthmatic patients may be beneficial if
they stabilize both the amplitude and variability of eosi-
nophilic airway inflammation over time; therefore, long-
itudinal measurement of FENO is important for
monitoring the inflammatory status of the asthmatic
airways.

We previously reported the presence of a phenotype
of severe asthma with frequent exacerbations and that
only FENO levels at baseline are significantly asso-
ciated with exacerbation status during the 3-year fol-

low-up period among several type 2 biomarkers.'?

However, long-term assessment of FENO would be
more meaningful than baseline assessment alone, and
few studies have evaluated the annual changes in
FENO. In the present study, persistently high FENO
levels were clearly associated with the development of
exacerbations. Persistently high FENO levels suggest
that uncontrolled eosinophilic airway inflammation still
exists despite treatment with high-dose ICS; therefore,
use of biologics such as anti-IgE, anti-IL-5, and IL-4R
antibodies should be considered for such patients. On
the other hand, annual FENO levels in the intermediate
group were highly variable despite the patients receiv-
ing high-dose ICS therapy. Intraday or daily variation
in FENO has been

reported to provide useful
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information about asthma control and the risk of future
The
findings by

substantially
that FENO
levels could fluctuate annually in patients with severe
with  the

24
exacerbations. present results

extend these showing

asthma in relation development of
exacerbations.

In healthy individuals, Ekroos et al reported that
a change of 30-35% or more in FENO levels within

the interval of 1 to 3 weeks should be considered

abnormal and proposed this value as a cutoff for sig-
nificant variation in FENO level.”> De Laurentiis et al
investigated the variation in FENO level over 1 year in
patients with chronic obstructive pulmonary disease
(COPD), and reported that the CV of FENO was sig-
nificantly associated with exacerbation rate, but not
with baseline FENO levels and degree of airflow
limitation.?® In this study, the cutoff for FENO varia-
bility was set at 40% based on the upper limit of the
95% CI of the mean of the entire COPD group. In
another study on long-term variation in FENO in lung
that
a variation in FENO levels of more than 30% during

transplant recipients, Antus et al reported
2 years of follow-up was a specific marker of acute
infection.?” Furthermore, Stern et al investigated daily
FENO values over 192 days in atopic asthmatic chil-
dren and found that fluctuations in FENO values were
correlated over time scales of more than a month
that

the day-by-day cross-correlation of FENO values and

(long-range correlation). They also revealed
symptom scores was stronger in subjects with moderate
or severe exacerbations.”® In the present study, we
found that high variability in annual FENO was asso-
ciated with the development of exacerbations in the
subset (intermediate group) of adults with severe
asthma. Taken together, large variability in FENO
levels within a relatively long-term period appears to
be associated with exacerbation events in lung dis-
eases. Such variation in FENO levels may reflect the
instability and reduced adaptive capacity of the airways
to changing environmental conditions.*’

ICS or OCS treatment is a major factor in reducing
FENO levels as well as its long-term variability.**°
This issue may not largely influence our findings
because all subjects received high-dose ICS with good
adherence and 37% of the subjects were on systemic
corticosteroids. Indeed, 77.8% of subjects in the sus-
tained FENO high group were on daily OCS treatment,
and the high CV intermediate group tended to take
higher amounts of ICS than the low CV intermediate
group. Anti-IL4R antibody has also been shown to
reduce FENO levels, but anti-IL-4R antibody was not
administered to the subjects because of its clinical una-
vailability in Japan during the study period. Therefore,
the FENO levels in the present study reflect the patho-
logical status of severe asthma despite intensive treat-
ment with corticosteroids. Persistence of high FENO
levels and high variability would be a good indication
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Table 2 Characteristics of Subjects in the Low CV and High CV Intermediate Groups at Baseline
Low CV High CV P-value
(n=29) (n=29)

Demographics
Age, year 61.1 £ 126 587 £+ 88 0.39
Female, N (%) 20 (69.0%) 15 (51.7%) 0.18
Asthma duration, year 21 £ 16.0 152+ 11.2 0.11
Smoking status (Current/Ex/Never) 4/9/16 2/18/9 0.06
Pack-years 0 (0-16.0) 11.0 (0-37.5) 0.04
Body mass index, kg/m? 24.6 £ 3.6 26.1 * 6.6 0.31
Daily ICS dose,* pg 1412 + 444 1653 + 495 0.06
Maintenance OCS use, N (%) 9 (31.0%) Il (37.9%) 0.58
Atopy, N (%) 15 (51.7%) 22 (75.9%) 0.05
ACT 21.0 (18.5-23.0) 20.0 (14.5-23.0) 0.20
AQLQ 5.6 (5.2-6.5) 5.4 (4.7-6.1) 0.14
Biomarkers
Blood eosinophil, cells/pL 389 (145-593) 332 (144-678) 0.69
Blood neutrophil, cells/pL 4522 (3182-6096) 3994 (3078-5496) 0.39
Total serum IgE, IU/mL 170 (59-378) 194 (81-501) 0.67
Sputum eosinophil, % 14.2 (2.0-27.9) 27.6 (4.0-38.8) 0.31
FENO, ppb 31.0 (24.0-43.0) 42.0 (28.0-64.5) 0.19
Pulmonary function test
FEV,, % predicted 94.1 + 187 88.2 + 20.7 0.26
FEV,/FVC, % 65.6 £ 12 65 % 12.6 0.84
Comorbidities
AERD (%) 2 (6.9%) | (3.5%) 0.55
Allergic rhinitis, N (%) 15 (51.7%) 16 (55.2%) 0.79
LMS 7.0 (2.0-10.0) 6.0 (1.0-12.0) 0.80
Nasal polyp, N (%) 12 (41.4%) 9 (31.0%) 0.41
FSSG 7 (1-14) 9 (6-15.5) 0.07
SDS 32.0 (31.0-40.0) 42.0 (33.5-48.5) 0.0l

Notes: Data are shown as the mean * standard deviation, median (interquartile range), or number (%). P-values were obtained using a chi-square test, Student’s t-test, or

the Mann—-Whitney U-test, as appropriate. *Equivalent to budesonide dose.

Abbreviations: ACT, asthma control test; AERD, aspirin-exacerbated respiratory disease; AQLQ, asthma quality of life questionnaire; FENO, fractional exhaled nitric
oxide; FEV, forced expiratory volume in | s; FVC, forced vital capacity; GERD, gastroesophageal reflux disease; ICS, inhaled corticosteroids; LMS, Lund-Mackay score; OCS,
oral corticosteroids; FSSG, frequency scale for the symptoms of GERD; SDS, self-reported depression scale.

to initiate treatment with biologics in patients with
severe asthma.

This study has several limitations. First, the sample
size may have been small, despite recruitment of sub-
jects from 29 affiliated hospitals/pulmonary clinics.
However, we intentionally focused on severe asthmatics
who had been managed by respiratory physicians, and
all subjects were carefully followed with a low dropout
rate. Second, FENO level was measured only once
per year, which made it difficult to determine the causal
relationship between variation in FENO levels and

asthma exacerbation. As discussed above, FENO can
fluctuate on an intraday or daily basis. However, such
highly frequent FENO measurement is not realistic in
current clinical practice, and our findings suggest that
longitudinal FENO assessment on an annual basis can
also provide important information on the status of
severe asthma. On the other hand, more frequent assess-
ment of FENO, eg, on a monthly basis, might be able to
evaluate fluctuation of FENO levels more precisely,
despite such data was unavailable due to the protocol
of the present cohort study.

738 submit your manuscript
Dove

Journal of Asthma and Allergy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove Abe et al
——— Cluster 1 Table 3 Factors Associated with Exacerbations in the
Intermediate Gr
Cluster 2 i ate Group
0 Exacerbation-Free Survival
. T Variable Hazard Ratio (95% CI) P-value
CV of FENO 6.01 (1.09-29.29) 0.04
60
Exacerbation Frequency
a S0
fox Variable Rate Ratio (95% CI) P-value
O 40 T
= CV of FENO 7.76 (2.32-26.15) 0.001
Ll
L3 Notes: The hazard ratio was derived from the multivariate Cox proportional
hazards model, and the rate ratio was derived from the multivariate Poisson
2 T regression model. Both models were adjusted for age, sex, body mass index, pack-
1 1 years, blood eosinophil count, and FENO at baseline.
Abbreviations: CV, coefficient of variation; FENO, fractional exhaled nitric oxide.
10
0
VN V1 V2 V3

Figure 5 Annual changes in FENO of the high CV intermediate group. The high CV
intermediate group was divided into two groups by cluster analysis. Data are shown
as the mean * standard error.
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Figure 6 Kaplan—Meier curves for exacerbation-free survival. The high CV inter-
mediate group was divided into two groups by cluster analysis.

Conclusion

Persistence of FENO level above 50 ppb over the years
and the presence of large variations in FENO levels were
associated with the development of exacerbations in
patients with severe asthma. The findings of the present
study emphasize the importance of longitudinal assess-
ment of FENO levels for the management of severe
asthma. Further studies on the mechanism of the variation

in FENO levels and its association with exacerbations are
required in the future.

Abbreviations

ICS, inhaled corticosteroids; FENO, fractional exhaled
nitric oxide; iNOS, inducible nitric oxide synthase; IL,
interleukin; Hi-CARAT, Hokkaido-based Investigative
Cohort Analysis for Refractory Asthma; ATS, American
Thoracic Society; CV, coefficient of variation; CI, confi-
dence interval; OCS, oral corticosteroids.
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