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Fractional exhaled nitric oxide was not associated with the future
risk of exacerbations in Chinese asthmatics: a non-interventional
1-year real-world study
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Background: Exacerbations are recognized as the most relevant predictor of future risk in asthmatics. We
aimed to evaluate the association between asthma exacerbations, fractional exhaled nitric oxide (FENO),
spirometry indices, and other potential risk factors in a non-interventional, real-world study performed in
Guangzhou, China.

Methods: We performed a prospective 12 months follow-up of Chinese asthmatics. Spirometry and FENO
measurements were performed at baseline. Adherence to inhaled corticosteroids (ICS) use was divided into
two categories (>80% and <80%). Patients were seen 4 times after the initial baseline visit.

Results: A total of 222 patients with asthma (49.1% males) completed the study, of which 51 (23.0%)
experienced exacerbations during the study period. Of the patients, 117 (52.7%) had good compliance.
We compared lung function indices between the patients with and without exacerbations. There was no
difference of forced expiratory volume in 1 s (FEV1) predicted, forced vital capacity (FVC) predicted,
and FEVI/FVC (all, P>0.05) between the groups. There was also no significant difference in FENO level
between the two groups. Compared to those that had exacerbations, patients without exacerbations had
better treatment compliance (P<0.001). Logistic regression analysis identified an association between asthma
exacerbations, poor control of symptom [odds ratio (OR) =2.295; 95% confidence interval (CI): 1.130-4.663;
P=0.022], and nonadherence to asthma medications (OR =4.718; 95% CI: 2.149-10.359; P<0.001).
Conclusions: Poor adherence rather than baseline FENO and FEV1% predicted was associated with the

future risk of exacerbations in Chinese asthmatics in real world.
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Introduction still suffer from recurrent exacerbation (1). Asthma

. .. . . exacerbations generate considerable morbidity, havin
Asthma is a chronic inflammatory disease of the airways & RE g

characterized by variable airway obstruction and hyper-
responsiveness‘ Although the majority of asthmatics fulfil the main cause Of healthcare UtiliZatiOIl in asthmatics (2)

symptomatic control, others, for a variety of reasons, Therefore, prevention of exacerbations is a major goal in

a great impact on the quality of life of patients, and are
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the management of asthmatics.

It is accepted that poor asthma control is a factor
predicting future exacerbations (3). Poor adherence to the use
of inhaled corticosteroids (ICS) (4), previous exacerbations
(5,6), low FEV1% predicted (7,8), and hospitalization or
emergency-room visit (9) are also considered as major
predictors of future asthma exacerbations.

Asthma control is generally reflected by reported
symptoms and lung function indices. Measurement of
fractional exhaled nitric oxide (FENO) is a quantitative,
non-invasive, easy to perform, and safe method of
measuring airway inflammation (10-12). The over-
expression of inducible nitric oxide synthase is the major
incentive for the increase of FENO of asthmatics (13,14).
In general, the measurement of FENO aid in identifying
type 2 airway inflammation with asthmatics (15,16). FENO
provides additional benefits for asthmatics management,
including but not limited to discover eosinophilic airway
inflammation (12,17). Studies have shown that FENO is
helpful to diagnose asthma (18). Furthermore, it has been
shown that FENO level is associated with increased risk of
exacerbation (15,19). Bjerregaard et 4. demonstrated that
high FENO at baseline was associated with an increased
risk of future virus-induced exacerbations in patients with
stable disease (15). Gelb et 4/. showed that combined FENO
and FEV1% predicted can stratify the risk for exacerbations
in patients being treated for asthma (20). Compared to
the studies mentioned above in which the phenotype
and severity of a disease were narrowly defined, non-
interventional real-world studies which include patients
across the full clinical spectrum of asthma may well be able
to more fully represent the disease. As we know, no real-
world study has assessed the association between FENO,
spirometry indices, and the future risk of exacerbations
specifically in Chinese asthmatics.

Thus, the purpose of the prospective study with a follow-
up of 1 year was to assess factors associated with future
exacerbations of Chinese asthmatics. In particular, we aimed
to evaluate the roles of spirometry and FENO in predicting
exacerbations.

Methods
Study design

Patients with chronic persistent asthma to whom at least
used one ICS was dispensed as monotherapy (ICS alone)
or in a fixed combination with a long-acting beta-agonist
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(LABA, ICS/LABA) were recruited from October 2016 to
July 2017 from the respiratory clinic of Southern Medical
University, Nanfang Hospital (Guangzhou, China). This
study was approved by the ethics committee of the hospital
(code number NFEC2016-052), and all subjects have given
their written informed consent prior to participation in the
study. In case of minors, parents were informed and gave
written consent.

The clinical information including demographic data,
smoking history, comorbidities, preceding medicine usage,
asthma severity, and medicine adherence were collected.
FENO measurements and spirometry indices were
performed at baseline. After the initial visit, patients were
seen four more times at 3-month interval. Patients were
regularly contacted by phone calls or text messages to remind
them that they are participating in the study, and of their
clinic visits. All patients were followed by the same physician
to decide whether they had exacerbations, during the study
period. Exacerbations were evaluated using information
modified from the Global Initiative for Asthma (GINA)
guideline (21) and the American Thoracic Society/European
Respiratory Society (ATS/ERS) (12). Exacerbations
were defined as an episode of aggravating symptom
needed parenteral corticosteroid, an increase in systemic
corticosteroids from a stable maintenance dose, >3 days
of oral corticosteroid (OCS) use, or hospitalization or
emergency-room visit. Adherence was defined as the extent
to which patients act in line with the prescribed interval and
dosing regimen, according to the International Society for
Pharmacoeconomics and Outcomes Research (22). Overall
mean adherence was defined as the percentage of prescribed
inhalations that were taken. This measure was divided into
two categories (>80% and <80%); good adherence was
defined as above 80% adherent (23,24). Asthma treatments
were regulated according to the Chinese Asthma Prevention
and Treatment guidelines 2016 (25). Briefly, if good asthma
control has been achieved and maintained for at least
three months, step-down of the treatment was taken into
account. If asthmatics were in persistent symptoms and/or
exacerbations, common problems such as inhaler technique,
persistent allergen exposure, and compliance have been
addressed, step-up of the treatment were considered.

Subjects

Two hundred and forty-six patients, at least 14 years old, and
diagnosed according to GINA 2016 (21) and the Chinese
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Asthma Prevention and Treatment guidelines 2016 (25)
were sequentially enrolled in the study. Inclusion criteria
were patients diagnosed with asthma for at least 3 months
and lived in Guangzhou for more than 2 years. Patients
with chronic persistent asthma were staged according to
their spirometry findings and the frequency of daytime
or nighttime asthma symptoms according to the Chinese
Asthma Prevention and Treatment guidelines 2016 (25).
Clinical characteristics of the stages were as follows: stage
I, intermittent asthma: (I) symptoms <1/week; (II) transient
symptoms; (III) nocturnal symptoms <2 times/month; (IV)
FEV1% predicted >80%, or peak expiratory flow (PEF)
>80% personal optimum value, or variation in PEF <20%;
stage II, mild persistent asthma: (I) symptoms >1 time/week,
<1 time/day; (II) may affect activity and morpheus; (III)
nightly symptoms >2 times/month, <1 time/week; (IV) %
predicted FEV1 >80%, or PEF >80% personal optimum
value, or variation in PEF between 20% and 30%; stage
II, moderate persistent asthma: (I) symptoms >1 time/day;
(IT) affects activity and morpheus; (III) nightly symptoms
>1 tme/week; (IV) % predicted FEV1 between 60% and
79%, or PEF between 60% and 79%, or variation in PEF
>30%; stage IV, Severe persistent asthma: (I) symptoms
>1 tme/day; (I) frequent daytime and nocturnal symptoms; (I1I)
any activity limitations; IV) % predicted FEV1 <60%, or PEF
<60% personal optimum value, or variation in PEF >30%.

Exclusion criteria were: (I) premature birth; (II) a
history of any other lung disease except asthma; (III)
the presence of serious systemic or chronic diseases,
such as cardiorespiratory diseases, metabolic disorders,
immunosuppression; (IV) symptoms of upper respiratory
tract infection, for instance, rhinorrhea, fever and
rhinobyon within 4 weeks, or used systemic corticosteroids
within the prior 8 weeks; (V) difficulty in completing the
questionnaires for any reason.

Pulmonary function tests

Pulmonary function was measured by the Jaeger
Masterscope® spirometry system (Jaeger, Wuerzburg,
Germany) according to an ATS/ERS statement (12). Three
variables, forced vital capacity (FVC), FEV1, and FEV1/
FVC, were derived from the best of three repeatable forced
expirations.

FENO measurement

FENO was analyzed using a NioxMinor instrument
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(Aerocrine, Solna, Sweden) following the recommendations
of the AT'S/ERS (12) using the mean of two measurements.
Measurements of FENO were performed before spirometry.
Patients with high and low FENO level were defined by
cut-off value of 25 ppb by ATS.

Asthma symptomatic control score

We used the Asthma Control Test (ACT) questionnaire
to measure asthma control (26). The ACT score is a five-
item questionnaire filled out by patients; activity limitation,
shortness of breath, nighttime symptoms, use of rescue
medication, and the patient’s overall scores for asthma
control. Each item contains five corresponding answers
options.

Statistical analysis

The Statistical Package for Social Sciences (SPSS), version
20.0 (IBM SPSS, Armonk, NY, USA), was used to analyze
the data. Qualitative variables were expressed as number
(%). Normally distributed data were expressed as mean =
standard deviation. The continuous variables were analyzed
by Student’s 7 test, categorical variables were analyzed by
chi-squared test.

Non-normally distributed data were expressed as median
(inter-quartile range, IQR), and comparisons were made
using the Mann-Whitney U-test. Logistic regression
analyses were used to identify the variables associated with
the outcome (asthma exacerbation). For all analyses, a P
value of <0.05 was considered statistically significant.

Results
Baseline characteristics of the study subjects

Two hundred and forty-six patients were randomly enrolled.
Of these, 24 patients did not complete the study protocol (1
had bronchiectasis, 1 had nephrotic syndrome, 2 withdrew
because of pregnancy, and 20 were lost to follow up). In
total, 222 patients completed the study (Figure I).

In 125 of the 222 patients (56.3%), the FENO level was
elevated at baseline (>25 ppb). Patients had a median FENO
level of 27 ppb (IQR: 10.0, 56.3 ppb), and the mean ACT
score was 21 (range, 18-24). The mean FEV1% predicted
was 80.7%=20.8%. The mean age of the patients was
40.7+12.7 years with a range of 14-65. Of the patients, 117
(52.7%) had good compliance. Forty-three (19.4%) of the
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Eligible participants
Visit 1, month 0, n=246

Drop out =12
¢ 1 had nephrotic syndrome
* 1 pregnant
* 10 were lost to follow up

Y

Exacerbation =8 <

Visit 2, month 3, n=234
(clinical assessment, compliance with medication)

Drop out =8
¢ 1 had bronchiectasis
* 1 pregnant
* 6 were lost to follow up

Y

Exacerbation =20 (<

Visit 3, month 6, n=226
(clinical assessment, compliance with medication)

Drop out =4
® 4 were lost to follow up

Y

Exacerbation =13 [«

Visit 4, month 9, n=222
(clinical assessment, compliance with medication)

Y

Exacerbation =10 [«

Visit 5, month 12, n=222
(clinical assessment, compliance with medication)

Figure 1 Flow diagram of patient enrollment and follow-up.

patients used theophylline and 34 (15.3%) used leukotriene
receptor antagonist. No patients used anti-IgE therapy.
Baseline characteristics of the patients who completed the
study are shown in 7able 1.

Characteristics of patients with and without exacerbations

We compared demographic data between patients with and
without asthma exacerbations (Tuble 2).

Fifty-one patients (23.0%) developed an exacerbation
during the study period. Patient characteristics, including
body mass index (BMI), age, sex, duration of asthma,
smoking status, and atopy were not different between
patients with and without exacerbations. Compared to
patients with exacerbations, patients without an exacerbation
had better treatment compliance (P<0.001). In the non-
exacerbation group, the mean ACT score at baseline

© Journal of Thoracic Disease. All rights reserved.

was higher (22, P<0.001) compared to the exacerbation
group (18). Meanwhile, no significant differences were
observed in pulmonary function indices, including FEV1%
predicted, FVC% predicted, and FEVI/FVC, and FENO
level between the two groups. After taking into account
medication compliance, there were no statistical differences
in FEV1% predicted and FENO between the two groups.
However, there was a tendency of lower FEV1% predicted
in patients with exacerbation (71.3£25.6 vs. 82.0£21.7,
P=0.08). There were no differences for the number of
exacerbations in the past 12 months between the two groups.
More patients with exacerbations in the past 12 months
had poor adherence with medications than those without
exacerbations during the preceding year (61.0% wvs.
39.0%, P=0.04, Table 3). Regardless of FEV1% predicted
and FENO level, only about 50% of patients had good

medication adherence.
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Table 1 Demographic characteristics of 222 patients with follow-up

of 1 year

Characteristics N=222
Age, y 40.7£12.7
Females, n (%) 113 (50.9)
BMI 23.2+3.8
Smoking: current/ex/never, n 21/7/194
Exacerbation during a previous 119 (53.6)
year, n (%)

Atopy, n (%) 131 (59.0)
Theophylline, users (%) 43 (19.4)
Anti-leukotriene, users (%) 34 (15.3)

Duration of asthma (month)

24 (10.8-60.5)

ACT score 21 [18-24]
Severity (stage |, II, lll, IV), n 60/51/75/36
Adherence to medication: good/ 117/105

poor, n
FVC, L (%predicted) 3.36+0.98 (91.8+18.6)
FEV1, L (%predicted) 2.48+0.90 (80.7+20.8)
FEV1 >60 %predicted, n (%) 191 (86.0)
FEV1/FVC (%) 74.2+£14.3
Baseline FENO (ppb) 27 (10.0-56.3)

FENO >25 ppb, n (%) 125 (56.3)

Data are presented as mean + SD, median (inter quartile range)
or n (%) as appropriate. BMI, body mass index; ACT, asthma
control test; FVC, forced vital capacity; FEV1, forced expiratory
volume in 1 s; FENO, fractional exhaled nitric oxide.

Factors association with exacerbations

We used multivariate logistic regression analyses to identify
the association between clinical parameters of baseline
patients’ characteristics and asthma exacerbations.
Nonadherence to asthma medications was significantly
associated with an increased risk of exacerbations (OR
=3.548; 95% CI: 1.806-6.971; P<0.001). The OR remained
high after adjustment for age, sex, BMI, ACT score,
smoking status, severity, and the exacerbations in the past
12 months in addition to FEV1% predicted and FENO
level (OR =4.718; 95% CI: 2.149-10.359; P<0.001; Table 4).
Similarly, ACT score <20 was predictor of higher risk of
exacerbations (OR =2.295, 95% CI: 1.130-4.663; P=0.022;
Table 4). Meanwhile, the level of FENO, FEV1% predicted,
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severity, atopy, sex, age, BMI and smoking status were not
associated with asthma exacerbations (date was not reflected
in the article).

Discussion

To our knowledge, this is the first prospective 12 months
follow up study to evaluate the risk factors of asthma
exacerbations in real-world in China. The results showed
that poor control of symptoms and nonadherence to asthma
medication, rather than FEV1% predicted and FENO,
increased risk of exacerbations in the study period.

The role of FENO and spirometry in predicting the
future risk of exacerbations varied from studies, on the
basis of the population characteristics and study design.
Gelb et al. showed that combined measurement of FEV1%
predicted and FENO might help stratify risk factors for
future exacerbations of clinically treated asthmatics (20).
Bjerregaard et al. showed that high FENO at baseline
was risk factor for virus-induced exacerbations of patients
with stable disease, while FEV1% predicted was not
associated with increased risk of exacerbations (15). Tanaka
et al. studied Japanese asthmatics with good adherence
to treatment (>80%), and noted that FEV1% predicted
was much higher in patients without exacerbation than in
those with exacerbations, and also showed no difference
in log-FENO between the two groups (6). There were
no differences in pulmonary function indices and FENO
between patients with and without exacerbations.

There are several possible reasons for the inconsistent
results of studies with respect to pulmonary function indices
and FENO. First, the current study was a non-interventional
real-world study which included patients across the full
clinical spectrum of the disease, such as different adherence
to asthma medications. Compared to patients with asthma
exacerbations, patients without exacerbations had better
treatment compliance (P<0.001). After taking into account
medication compliance, there were still no statistical
differences in FEV1% predicted and FENO between
patients with and without exacerbations. However, there
was a tendency for lower FEV1% predicted in patients with
exacerbation (P=0.08). Compared with previous research
assessing the risk of future asthma exacerbations, the sample
size of this study may have been relatively small (5,8,9).
Therefore, if the sample size was much larger, there might
exist statistical differences in FEV1% predicted and FENO
between patients with and without exacerbations. Second,
we did not categorize the degree of asthma exacerbations
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Table 2 Comparison of baseline characteristics of patients who developed an exacerbation during follow-up and those who did not experience

exacerbations
Variable Exacerbation (n=51) No Exacerbation (n=171) P value
Age, y 39.7+12.7 41.0+12.8 0.53
Females, n (%) 24 (47.1) 89 (52.0) 0.53
BMI 23.3+4.3 23.2+3.6 0.77
Smoking, n (%) 0.76

Current smokers 4(7.8) 17 (9.9)

Former smokers 1(1.9 6 (3.5)

Never smokers 46 (90.2) 148 (86.5)
Exacerbation during a previous year, n (%) 31 (60.8) 88 (51.5) 0.24
Atopy, n (%) 29 (56.9) 102 (59.6) 0.72
Duration of asthma (month) 29 [8-80] 24 [12-60] 0.68
ACT score 18 [15-23] 22 [19-24] <0.001
ACT =20, n (%) 20 (39.2) 111 (64.9) 0.001
Severity, n (%) 0.04

Stage | 7 (13.7) 53 (31.0)

Stage Il 11 (21.6) 40 (23.4)

Stage IlI 20 (39.2) 55 (32.2)

Stage IV 13 (25.5) 23 (13.5)
Adherence to medication, n (%) <0.001

>80% 15 (29.4) 102 (59.6)

<80% 36 (70.6) 69 (40.4)
FVC, L (%predicted) 3.32+1.00 (90.5+15.9) 3.36+0.98 (92.2+19.4) 0.79 (0.57)
FEV1, L (%predicted) 2.38+0.88 (77.3+18.8) 2.51+0.91 (81.7+21.3) 0.38 (0.19)
Adherence >80%, FEV1%pred 71.3+25.6 82.0+21.7 0.08
Adherence <80%, FEV1%pred 79.8+14.8 81.2+20.9 0.73
FEV1 >60 %predicted, n (%) 41 (80.4) 150 (87.7) 0.19
FEV1/FVC (%) 72.9+11.0 74.6+15.2 0.45
Baseline FENO (ppb) 36 [10-70] 26.5 (10.8-53.5) 0.12
Adherence >80%, baseline FENO (ppb) 37 [8-111] 25(10-44.2) 0.35
Adherence <80%, baseline FENO (ppb) 40 (11.3-82.8) 29 [12-60] 0.18
FENO >25 ppb, n (%) 32 (62.7) 93 (54.4) 0.29
ICS (budesonide equivalent) dose (ug/day) 179.5+158.1 265.7+126.0 0.02

Data are presented as mean + SD, median (inter quartile range) or n (%) as appropriate. BMI, body mass index; ACT, asthma control test;
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; FENO, fractional exhaled nitric oxide.
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Table 3 Exacerbations during the preceding year, baseline FEV1% predicted and FENO level in patients with good compliance and poor

compliance
Variable Adherence >80% (n=117) Adherence <80% (n=105) P value
Exacerbation during the previous year, n (%) 55 (47.0) 64 (61.0) 0.04
FEV1% predicted 80.6+22.4 80.7+19.1 0.97
FEV1 >60 %predicted, n (%) 99 (84.6) 92 (87.6) 0.52
Baseline FENO (ppb) 25 (10-47.5) 29 [12-63] 0.16
FENO >25 ppb, n (%) 62 (53.0) 63 (60.0) 0.29
Severity, n (%) 0.02

Stage | 39 (33.3) 21 (20.0)

Stage Il 18 (15.4) 33 (31.4)

Stage IlI 39 (33.3) 36 (34.3)

Stage IV 21(17.9) 15 (14.3)

Data are presented as mean + SD, median (inter quartile range) or n (%) as appropriate. FEV1, forced expiratory volume in 1 s; FENO,

fractional exhaled nitric oxide.

Table 4 Logistic regression analyses final model of factors associated with asthma exacerbations

Variable B P Adjusted OR 95% Cl
ACT score <20 0.831 0.022 2.295 1.130-4.663
Nonadherence to asthma medication 1.551 <0.001 4.718 2.149-10.359

ACT, asthma control test; OR, odds ratio; Cl, confidence interval.

(mild/moderate/severe). As such, FEV1% predicted and
FENO might have statistical significance in patients with
different exacerbation severity. Third, in this study FEV1%
predicted and FENO at baseline did not predict asthma
exacerbation during the subsequent year. In a study with
3-year follow-up, Kimura et a/. reported that FENO was a
good predictor for exacerbations of severe asthmatics (16). In
another prospective study, Kitch ez 4/. reported that FEV1%
predicted future exacerbations over 3-year intervals (8). The
relatively short follow-up period of our study may partially
explain the differing results as compared to other studies.

In this study, 47.3% of the patients ICS was <80% and
70.6% of patients who developed an exacerbation had poor
adherence. Our findings are consistent with previously
published studies that reported compliance ranges from 6%
to 70% (27-31). Laforest et al. prospectively noted less than
25% of patients continuously using ICS over 1 year (29). Our
study was limited to asthmatics lived in Guangzhou for more
than 2 years, which may partly explain the higher medication
compliance. And we provided interventions such as follow-up
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office visits, phone calls and text messages regularly to remind
them that they are participating in the study. These patients
may be more conscious of the potential severity of the disease
and the necessity to take drugs as directed, leading to higher
persistence rates. And our findings of adherence focus on
the conception that medication corresponds to use, and
patients subjectively evaluated their compliance, this means
that discontinuation treatment might be even worse than
reported. Corrao et al. performed a population-based study
and showed that consistent use of ICS reduces the risk of
exacerbations (32). Costa et al. demonstrated an association
between poor adherence to medicine and exacerbation in
asthmatic children (33). van der Merwe et a/. performed
a case-control study that demonstrated an association
between reduced treatment adherence and severe life
threatening asthma exacerbations (34). The results of the
current study also demonstrated poor adherence to ICS was
a significant risk factor of asthma exacerbation.

Many studies have reported the effectiveness of ACT in
evaluating asthma control levels (35,36). Wei et 4l. and Ban
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et al. showed that current asthma control predicts future risk
of asthma exacerbations (37,38). The current study clearly
demonstrated that a lower ACT score was associated with a
higher risk of asthma exacerbations.

It is known that a history of exacerbations during
the preceding year may add the possibility of asthma
exacerbations (5,6), but in the current study exacerbations
during the preceding year were not different between
patients with and without an exacerbation. This result may
be due to adherence to asthma medication. More patients
with exacerbations during the preceding year had poor
adherence than patients without an exacerbation during the
preceding year (61.0% wvs. 39.0%, P=0.04). Additionally, we
recorded exacerbations during the preceding year through a
questionnaire, not with objective measures.

The study has several limitations. One limitation
of this study is about the selection of the population.
Since this is a single-center study, the studied population
characteristics may be vary from the general population.
Therefore, it is necessary to carry out larger multicentre
studies. Another limitation is that there is no standardized
approach to measure persistence rates, and each approach
has its advantages and disadvantages (22,39). In the current
study we simply stratified adherence of ICS as <80% and
>80%. Also, if patients could not come to the respiratory
outpatient clinic medication usage was determined by
phone administration of questionnaires. In addition, we did
not measure peripheral blood eosinophils, peak expiratory
flow variation and airway reversibility. Besides, as a result of
the variable nature of airway obstruction and inflammation
with asthmatics, the fluctuation of FENO can’t justify a
change in treatment. Finally, due to the lack of routine
monitoring of asthmatics, such as FENO, PEF monitoring,
spirometry, recording an exacerbation mainly relied on
patients contacting the doctor when they had worsening
and uncontrolled symptoms. It is possible the exacerbation
rate may have been higher than recorded. However, we
contacted patients regularly by phone to remind them
that they are participating in the study. The advantage of
this study is that it prospectively followed up patients with
asthma in different population, which representing the daily
clinical scenario experienced by most respiratory physicians.

In conclusion, in this non-interventional real-world
study, baseline measurements of FEV1% predicted and
FENO may not help to predict risk for future asthma
exacerbations. Future multicenter studies are needed to
confirm our results. Additionally, the present study showed
that asthma exacerbations within the next 1 year were

© Journal of Thoracic Disease. All rights reserved.
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significantly more common in patients with poor symptom
control and poor adherence to medications.
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