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Abstract
Background: Bronchiectasis is characterized by the abnormal dilation of lung airways. Only some
patients with bronchiectasis may clinically bene�t from the treatment recommended in the guidelines of
the European Respiratory Society. The value of noninvasive methods for assessing the clinical
phenotypes of stable-state non-cystic fibrosis (non-CF) bronchiectasis for treatable characteristics has
not been adequately studied.

Methods: Eighty-nine patients with stable non-CF bronchiectasis were retrospectively enrolled. Patient
characteristics, fractional exhaled nitric oxide (FeNO) values, and the results of blood tests for
in�ammatory markers, pulmonary function test, high-resolution computed tomography (HRCT), and
bronchial hyper-responsiveness test or bronchodilator reversibility test were obtained. These data were
used to assess the factors associated with the clinical phenotype of bronchiectasis.

Results: The majority of the patients were female (60.67%) and have an average age of 59.08±15.09
years old. The predicted percentages of forced expiratory volume in 1 s (FEV1) and the ratio of FEV1 and
forced vital capacity were 56.17%±23.16% and 65.58%±15.26%, respectively. Eighteen (20.22%) of the
patients with bronchiectasis had emphysema. The presence of emphysema in bronchiectasis was
associated with a high air�ow obstruction level. Seventeen (10.10%) of the patients with bronchiectasis
had asthma. FeNO was significantly higher in the group of patients with bronchiectasis and asthma than
in the other two groups (p < 0.01). The erythrocyte sedimentation rate (ESR) of the bronchiectasis alone
group was higher than those of the other two groups. Significant negative correlations were found
between ERS and FeNO levels (p = 0.02, r = −0.338), between HRCT score and FeNO levels (p = 0.04, r =
−0.229), and between FEV1 (% predicted) and HRCT scores (p = 0.0007, r = −0.3629). A significant
positive correlation was found between ERS and HRCT scores (p = 0.0001, r = 6326).

Conclusion: A remarkable proportion of patients with bronchiectasis have emphysema or asthma.
Biomarkers, such as FeNO, and conventional lung function tests should be routinely used for phenotyping
bronchiectasis for potential targeted therapy. ESR can be used as a biomarker to re�ect the level of
systemic inflammation and the severity of bronchiectasis. These approaches will provide a better
understanding of patients with bronchiectasis and their clinical phenotypes and lead to a more
individualized and effective therapy.

Background
Bronchiectasis is characterized as a permanent enlargement of the airways secondary to chronic airway
infections, airway in�ammation, and structural damage [1].Bronchiectasis has multiple etiologies and a
broad array of clinical presentations, such as daily cough, sputum expectoration, chronic infective
syndrome, and periodic worsening of symptoms also known as exacerbations [2, 3]. The wide application
of high-resolution computed tomography (HRCT) in clinical practice has led to the growing recognition
that bronchiectasis is a common disease. Bronchiectasis has increased by 40% from 2004 to 2013 and is
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expected to increase to more than 3 million by 2020 [4, 5]. Despite the increasing prevalence of
bronchiectasis, the regulatory authorities in the United States or Europe have not approved any
medication for bronchiectasis except for bronchiectasis caused by cystic �brosis (CF) [6, 7]. The
European Respiratory Society guidelines for the management of bronchiectasis recommend this
treatment7. However, only some patients with bronchiectasis may have clinical bene�ts from this
treatment [8–11]. Therefore, we need to better assess the clinical phenotype of patients with
bronchiectasis and look for a treatable trait for targeted therapy.

Bronchiectasis, as a chronic respiratory disease, is associated with mucus secretion, airway obstruction,
chronic in�ammation, and airway remodeling [12, 13]. Patients with bronchiectasis may manifest
decreased lung function, increased systemic or airway in�ammation, and HRCT abnormality [14, 15]. The
elevation of systemic in�ammatory markers, such as C-reactive protein (CRP) and total white blood cell
count, is associated with disease severity [16]. As an in�ammatory biomarker for the quantitative
analysis of airway in�ammation, fractional exhaled nitric oxide (FeNO) is effective in evaluating
therapeutic response and clinical phenotype in patients with asthma and chronic obstructive pulmonary
disease (COPD [17, 18]. However, the role of these non-invasive modalities in non-CF bronchiectasis has
not been adequately studied.

Therefore, we aimed to assess the systemic and airway in�ammations in patients with stable-state non-
CF bronchiectasis and identify the associations among lung function, airway hyper-responsiveness,
and/or airway reversibility with HRCT performance. We hope that these approaches will provide a better
understanding of patients with bronchiectasis and their clinical phenotypes and lead to a more
individualized and effective therapy.

Methods

Study subjects
Patients with stable bronchiectasis aged 18 years old or older admitted in the First A�liated Hospital of
Sun Yat-sen University from December 2017 to December 2019 were retrospectively enrolled in this study.
The inclusion criteria were as follows. (1) The patient had bronchiectasis as con�rmed by chest HRCT
and remained exacerbation-free for at least 4 weeks [7]. (2) The patient underwent pulmonary function
tests (PFTs), bronchodilator reversibility (BDR) test or bronchial hyper-responsiveness (BHR) test, and
FeNO test without treatment of any oral or inhaled corticosteroid or bronchodilator within 72 h. (3) The
patient must be a nonsmoker or an ex-smoker with smoking cessation of at least 6 months prior to FeNO
tests. We excluded patients who were pregnant or lactating, had allergic bronchopulmonary aspergillosis,
and had any evidence of exacerbation. CF is a rare disease in China. Thus, we postulated that all the
enrolled patients have bronchiectasis that is not associated with CF.

The study was reviewed by the Institutional Research Ethics Committee of our hospital. This study did
not gather the requirement for approval and informed consent, because it was not an intervening trial and



Page 4/17

was retrospective in nature.

Data Collection
The medical history, characteristics, and diagnostic data (FeNO values, blood tests, and PFT results) of
the patients were obtained from their medical charts.

Hrct Scoring
We scored the HRCT scans of the patients with bronchiectasis according to the semi-quantitative scoring
system suggested by Oikonomou [19]. This system is a “simpli�ed” HRCT scoring system that includes
three common parameters: “severity of bronchiectasis,” “severity of bronchial wall thickening,” and
“atelectasis consolidation.” Each rating ranges from 0 to 3 (0 is none). Every involved lobe, including the
left lingular lobe, was evaluated and scored according to this system. The �nal bronchiectasis severity
was calculated as the total summation of the total involved lobes.

Feno Measurement
FeNO value was determined according to the recommendations of the American Thoracic Society by
using a conventional chemiluminescence analyzer (NIOX MINO; Aerocrine AB, Sweden) [20]. The
participants were instructed to use the online standardized single-breath technique, that is, inhale air
without NO to total lung capacity (TLC) and complete the exhalation immediately into the device at a
constant �ow rate of 50 mL/s for 10 s. FeNO values more than 50 ppb have high probability for
eosinophilic in�ammation, values less than 25 ppb indicate a low probability, and values between 25 and
50 ppb signify intermediary probability.

PFT
Participants underwent PFT after the measurement of FeNO. PFT was performed using body
plethysmography following the 2014 recommendations of the Chinese National Guidelines of Pulmonary
Function Test [21]. All participants performed PFT in a reproducible way, and the best values of each
subject were selected.

Bhr Test
After baseline evaluation, the patients with a predicted percentage of forced expiratory volume in 1 s
(FEV1) of more than 70% should take the BHR test to rule out bronchial hyper-responsiveness. Airway
hyper-responsiveness is expressed as the provocative concentration of histamine when FEV1 decreased
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by 20% from the baseline (PC20). In our study, the positive response was de�ned as PC20 ≤ 
8 mg/mL[21].

Bdr Test
The patients with FEV1 (% predicted) of less than 70% should take the BDR test. The patients were
subjected to spirometry test before and after receiving 400 µg inhalations of salbutamol with a spacer. A
positive result was de�ned as the improvement of FEV1 by more than 12% and an absolute increase of
FEV1 by more than 200 mL[21].

Statistical analysis
All data analyses were performed using SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA). The
results are shown as mean ± standard deviation, number (%) of patients, or median (interquartile range)
for quantitative variables or for non-normal variables when appropriate. The comparison of differences
between groups was conducted by Student’s t-test for normally distributed variables or by Mann–Whitney
U test for non-normally distributed variables. Categorical variables were compared using Chi-squared test.
The relationship between FeNO levels and other variables, such as IgE, blood eosinophil count, blood
eosinophil percentage, HRCT scores, and in�ammatory marker level, was assessed by determining the
Spearman’s rank correlation coe�cients. P < 0.05 was de�ned as statistically signi�cant. Statistical
analyses and �gures were performed in GraphPad Prism 5.

Results

Study population
Eighty-nine patients with stable bronchiectasis were enrolled. The majority of the patients were female
(60.67%) and had an average age of 59.08 ± 15.09 years old. Total WBC and eosinophil counts were 7.87 
± 3.15/mm3 and 202.23 ± 257.65 cells/µL, respectively. CRP level and erythrocyte sedimentation rate
(ERS) were 14.17 ± 20.34 mg/L and 41.15 ± 20.34 mm/h, respectively. HRCT score was 14.27 ± 11.41.
The other details of the patients with bronchiectasis are shown in Table 1.
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Table 1
Baseline characteristics of study population

Parameter Bronchiectasis (N = 89)

Mean age, years 59.08 ± 15.09

Sex (M:F), n 35:54

Height (cm) 160.42 ± 8.13

Weight (kg) 53.08 ± 10.54

Body surface area (m2) 1.53 ± 0.16

BMI (kg/m2) 20.61 ± 3.74 (range 11.67–29.38 )

WBC (× 103/mm3) 7.87 ± 3.15

Total serum IgE (IU/mL) 131.36 ± 171.26

Blood eosinophil, absolute (cells/µL) 202.23 ± 257.65

Blood eosinophil percentage (%) 2.62 ± 2.35

CRP (mg/L) 14.17 ± 20.34

ESR (mm/h) 41.15 ± 20.34

HRCT score 14.27 ± 11.41

Note: Data are shown as mean ± standard deviation unless indicated otherwise. Abbreviations: M,
male; F, female; BMI, body mass index; WBC: white blood cell; CRP: C-reactive protein; ESR: erythrocyte
sedimentation rate; HRCT: high-resolution computed tomography.

Clinical Features And Pft Data Of Patients With
Bronchiectasis
The mean FEV1 (% predicted) was 56.17%±23.16%, and the mean ratio of FEV1/forced vital capacity
(FVC) was 65.58%±15.26%. This group of patients had a decreased diffusion capacity of the lung for
carbon monoxide with an average percentage of 60.89%±18.53%. Sixty-seven patients had BDR test, and
seven patients had an improvement of ≥ 12% in FEV1 after treatment with 400 µg inhalations of
salbutamol. Three among these patients had an absolute increase in FEV1 of > 200 mL. Twenty-two
patients had BHR test, and nine patients had positive response (PC20 ≤ 8 mg/mL). The average FeNO
value was 20.34 ± 9.97 ppb.(Table 2)
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Table 2
Clinical features and PFT data of patients with bronchiectasis

Parameter Bronchiectasis (N = 89)

FVC (% predicted) 69.79 ± 20.32

FEV1 (% predicted) 56.17 ± 23.16

FEV1/FVC 65.58 ± 15.26

PEF (% predicted) 50.43 ± 23.56

MEF (% predicted) 39.06 ± 33.86

MEF25 (% predicted) 37.26 ± 42.82

MEF50 (% predicted) 35.0 ± 32.82

MEF75 (% predicted) 39.71 ± 27.03

MVV (% predicted) 61.71 ± 36.59

VC (% predicted) 67.48 ± 18.89

TLC (% predicted) 89.31 ± 19.33

RV (% predicted) 132.35 ± 43.21

RV/TLC (% predicted) 56.51 ± 12.63

DLCO (% predicted) 60.89 ± 18.53

BDR test 67

≥ 12% increase in FEV1 7

≥ 12% + ≥200 mL in FEV1 3

≥ 12% + ≥400 mL in FEV1 0

BHR test

Positive BHR test

22

9

FeNO (ppb) 21.74 ± 12.74

Notes: The measured pulmonary function values are presented as a predictive percentagData are
shown as mean ± standard deviation unless indicated otherwise. Abbreviations: FEV1, forced
expiratory volume in 1 s; FVC, forced vital capacity; PEF, peak expiratory �ow; MEF, maximal mid-
expiratory �ow; MEF25, forced expiratory �ow after 25% of the FVC; MEF50, forced expiratory �ow
after 50% of the FVC; MEF75, forced expiratory �ow after 75% of the FVC; MVV, maximal voluntary
ventilation; VC, vital capacity; RV, residual volume; TLC, total lung capacity; DLCO, diffusion capacity
of the lung for carbon monoxide; PFT, pulmonary function test; BDR, bronchodilator reversibility; BHR,
bronchial hyper-responsiveness test; FeNO, fractional exhaled nitric oxide; ppb, parts per billion.
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Clinical Features Of Patients In Different Subgroups Of
Bronchiectasis
The subjects were divided into the bronchiectasis alone (60.67%), bronchiectasis with emphysema
(20.22%), and bronchiectasis with asthma groups (19.10%) according to the HRCT scans, clinical data,
pulmonary function data, and BHR or BDR test analytical data. Emphysema is de�ned as the diffused
low-attenuation areas of the lung below the density threshold of − 950 Houns�eld unit[22]. Patients with
only localized emphysema were excluded. The diagnosis of asthma was based on the combination of
medical history and the criteria of the Global Initiative for Asthma (GINA[23]. No signi�cant differences
were observed with regard to age, gender, height, weight, body mass index, blood eosinophil count, and
IgE level among these groups. The bronchiectasis alone group showed higher levels of systemic
in�ammatory markers, such as ESR, than the other two groups (P < 0.05). The presence of emphysema in
bronchiectasis has been associated with a higher air�ow obstruction as manifested by the lower FEV1 (%
predicted), FEV1/FVC, peak expiratory volume (PEF, % predicted), and forced expiratory �ow after 75% of
the FVC (MEF75, % predicted) in the bronchiectasis with emphysema group than in the other two groups.
The bronchiectasis with asthma group showed higher FeNO levels than the other two groups (P < 0.001).
The detailed data of the patients in the three groups are listed in Table 3.
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Table 3
Clinical features of patients in different subgroups of bronchiectasis

Parameter Bronchiectasis

alone (N = 54)

Emphysema
(N =18)

Asthma (N = 
17)

P
value

Mean age (years) 58.17 ± 15.73 65.72 ± 13.57 54.94 ± 12.95 0.0802

Sex (M:F), n 17:37 11:7 7:10 0.088

Height (cm) 159.69 ± 8.96 161.17 ± 7.26 161.94 ± 6.02 0.557

Weight (kg) 51.37 ± 10.52 53.33 ± 9.21 58.24 ± 10.77 0.062

Body surface area (m2) 1.51 ± 0.17 1.55 ± 0.15 1.61 ± 0.15 0.138

BMI (kg/m2) 20.14 ± 3.81 20.49 ± 3.07 22.21 ± 3.93 0.083

FVC (% predicted) 68.31 ± 21.02 66.56 ± 15.48 77.88 ± 21.52 0.180

FEV1 (% predicted) 57.44 ± 22.57 45.22 ± 22.10 63.71 ± 23.29 0.048

FEV1/FVC 68.74 ± 15.32 55.78 ± 15.27 65.94 ± 10.66 0.006

PEF (% predicted) 52.80 ± 24.70 36.06 ± 12.81 58.12 ± 23.28 0.009

MEF (% predicted) 43.93 ± 39.04 26.11 ± 20.69 37.29 ± 23.02 0.150

MEF25 (% predicted) 44.61 ± 51.77 20.39 ± 15.64 31.76 ± 20.28 0.096

MEF50 (% predicted) 39.39 ± 38.72 21.89 ± 17.90 35.12 ± 18.98 0.147

MEF75 (% predicted) 41.69 ± 27.84 24.11 ± 14.66 49.94 ± 28.69 0.011

MVV (% predicted) 63.41 ± 41.64 53.94 ± 29.64 64.53 ± 24.50 0.603

VC (% predicted) 66.15 ± 20.09 64.33 ± 13.00 75.06 ± 19.18 0.174

TLC (% predicted) 85.89 ± 19.96 98.13 ± 17.56 90.90 ± 15.53 0.088

RV (% predicted) 125.13 ± 42.19 152.19 ± 42.15 133.80 ± 
43.63

0.589

RV/TLC (% predicted) 55.59 ± 12.01 61.50 ± 13.41 52.80 ± 13.19 0.166

Notes: The measured pulmonary function values are presented as a predictive percentage. Data are
shown as mean ± standard deviation unless indicated otherwise. Abbreviations: FEV1, forced
expiratory volume in 1 s; FVC, forced vital capacity; PEF, peak expiratory �ow; MEF, maximal mid-
expiratory �ow; MEF25, forced expiratory �ow after 25% of the FVC; MEF50, forced expiratory �ow
after 50% of the FVC; MEF75, forced expiratory �ow after 75% of the FVC; MVV, maximal voluntary
ventilation; VC, vital capacity; RV, residual volume; TLC, total lung capacity; DLCO, diffusion capacity
of the lung for carbon monoxide; PFT, pulmonary function test; BDR, bronchodilator reversibility; BHR,
bronchial hyper-responsiveness test; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; M,
male; F, female; BMI, body mass index; WBC, white blood cell; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein.
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Parameter Bronchiectasis

alone (N = 54)

Emphysema
(N =18)

Asthma (N = 
17)

P
value

DLCO (% predicted) 59.69 ± 16.81 57.75 ± 22.50 72.00 ± 17.26 0.436

WBC (× 103/mm3) 8.13 ± 3.56 8.21 ± 2.60 6.74 ± 1.99 0.283

Total serum IgE (IU/mL) 142.34 ± 
185.69

97.09 ± 99.63 139.84 ± 
234.17

0.798

Blood eosinophil, absolute
(cells/µL)

172.34 ± 
160.17

136.67 ± 108.47 250.00 ± 
176.26

0.145

Blood eosinophil percentage (%) 2.49 ± 2.19 2.15 ± 1.76 3.66 ± 3.26 0.193

CRP (mg/L) 16.70 ± 23.71 8.19 ± 7.74 11.91 ± 15.79 0.371

ESR (mm/h) 49.64 ± 27.78 23.00 ± 21.89 30.10 ± 29.58 0.033

FeNO (ppb) 16.98 ± 8.35 23.78 ± 9.83 34.71 ± 17.31 < 
0.001

HRCT score 15.02 ± 11.48 13.59 ± 10.85 12.36 ± 12.33 0.717

Notes: The measured pulmonary function values are presented as a predictive percentage. Data are
shown as mean ± standard deviation unless indicated otherwise. Abbreviations: FEV1, forced
expiratory volume in 1 s; FVC, forced vital capacity; PEF, peak expiratory �ow; MEF, maximal mid-
expiratory �ow; MEF25, forced expiratory �ow after 25% of the FVC; MEF50, forced expiratory �ow
after 50% of the FVC; MEF75, forced expiratory �ow after 75% of the FVC; MVV, maximal voluntary
ventilation; VC, vital capacity; RV, residual volume; TLC, total lung capacity; DLCO, diffusion capacity
of the lung for carbon monoxide; PFT, pulmonary function test; BDR, bronchodilator reversibility; BHR,
bronchial hyper-responsiveness test; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; M,
male; F, female; BMI, body mass index; WBC, white blood cell; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein.

Comparison of HRCT scores among the three groups
The three groups had no signi�cant difference in HRCT scores( Fig. 1).

Comparison of FeNO levels among the three groups
The FeNO levels among the three groups were signi�cantly different (P < 0.05). The FeNO value of the
bronchiectasis with asthma group was 34.71 ± 17.31 ppb, which was signi�cantly higher than those of
the other groups (P < 0.001, Fig. 2).

Correlation of FeNO with blood eosinophil, IgE, systemic
in�ammatory markers, PFT and HRCT score
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Signi�cant negative correlations were found between FeNO levels and ESR (p = 0.02, r = − 0.338; Fig. 3),
between FeNO levels and HRCT scores (p = 0.04, r = − 0.229; Figs. 3F), and between FEV1 (% predicted)
and HRCT scores (p = 0.0007, r = − 0.3629; Fig. 3G). A signi�cant positive correlation was found between
ESR and HRCT scores (p = 0.0001, r = 6326; Fig. 3I). No signi�cant correlation was demonstrated between
FeNO levels and blood eosinophil, CRP, or IgE (Table 3, Figs. 3A–C, 3E, and 3H).

Discussion
We performed a retrospective study of patients with bronchiectasis. All 89 patients underwent HRCT, PFT,
BDR or BHR, and FeNO tests. Bronchiectasis severity was assessed using the simpli�ed HRCT scoring
system. FEV1 (% predicted) and FEV1/FVC were 56.17%±23.16% and 65.58%±15.26%, respectively. This
condition means that a large proportion of patients with bronchiectasis demonstrated an obstructive
functional impairment. The overall levels of FeNO in the bronchiectasis groups, except the bronchiectasis
with asthma group, were lower than 25 ppb, which is the lowest cut-off value in the recent guidelin[20].
This �nding means that non-eosinophilic in�ammatory process could be related to the pathogenesis of
bronchiectasis. Seven patients had an improvement of ≥ 12% in FEV1 after treatment with 400 µg
inhalations of salbutamol, and nine patients showed airway hyperactivity, which means that a certain
proportion of the patients have asthma or asthmatic characteristics.

The general relationship among asthma, emphysema, and bronchiectasis remains unclear[24]. Increasing
degrees of chronic airway obstruction followed by emphysema may be seen and labeled as COPD as
bronchiectasis progresses. Eighteen (20.22%) patients with bronchiectasis had emphysema. The
presence of emphysema in bronchiectasis was associated with a higher air�ow obstruction level as
manifested by the lower FEV1 (% predicted), FEV1/FVC, PEF (% predicted), and MEF75 (% predicted) in
bronchiectasis with emphysema group compared with the other two groups. The genetic overlap between
emphysema and bronchiectasis is associated with alpha-1 antitrypsin de�ciency; the biomarker of alpha-
1 antitrypsin level is associated with disease severity[25].The presence of emphysema in bronchiectasis
may lead to more frequent exacerbations, decreased quality of life, and reduced survival[11]. The causal
relationship between bronchiectasis and emphysema needs to be adequately evaluated in longitudinal
studies.

Some patients with bronchiectasis may have eosinophilia, elevated IgE, and at least partially reversible
airway obstruction or hyper-responsiveness, which suggest an asthmatic component [26]. Sixty-seven
patients had BDR test, and seven patients had an improvement of ≥ 12% in FEV1 after receiving 400 µg
inhalations of salbutamol. Three of these patients had an absolute increase in FEV1 of > 200 mL. Twenty-
two patients had BHR test, and nine patients had a positive response. In our study, the diagnosis of
asthma was based on a combination of medical history and GINA criteria. Seventeen patients with
bronchiectasis had asthma. Among these 17 patients, three patients had true positive BDR reversibility
(improvement of ≥ 12% in FEV1 and an increase of > 200 mL), and nine patients had a positive BHR test.
The other �ve patients with a history of asthma had severe air�ow limitations and thus were not able to
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achieve a positive BDR result. We conclude that patients with bronchiectasis and asthma experienced
airway remodeling after long-term treatment with dual or triple inhalation, and this remodeling resulted in
decreased airway reversibility. Hence, reversibility is an important feature of asthma to some extent, but it
is not the most important and only feature identifying asthma in patients with bronchiectasis. The
prevalence of asthma was 19.10% in the patients with bronchiectasis in our study. A. Padilla-Galo et al
reported a high prevalence of bronchiectasis in patients with uncontrolled asthma[26]. We need to focus
on the high prevalence of asthma or asthma characteristics in patients with bronchiectasis. In our study,
FeNO was signi�cantly higher in the bronchiectasis with asthma group than in the other two groups (P < 
0.01). FeNO is a sensitive, reproducible, and noninvasive marker for directly detecting eosinophilic airway
in�ammation[27]. Endotyping to guide therapy has attracted much attention in bronchiectasis
management, and biomarkers may be useful in identifying patients with bronchiectasis who may bene�t
from directed anti-in�ammatory treatment. Bronchiectasis with asthma or asthma features represent a
treatable trait for targeted therapy.

In this study, we used a “simpli�ed” HRCT scoring system to assess the disease severity of patients with
bronchiectasis and found no statistically signi�cant difference in the HRCT scores among the three
groups. This �nding indicates that the radiographic severity in clinical practice does not seem to be
necessarily associated with the clinical phenotype of bronchiectasis[27]. In our study, a signi�cant
negative correlation was observed between HRCT score and FEV1 (% predicted) (p = 0.0007, r = − 0.3629).
FEV1 (% predicted) is related to large-airway lesions and is an indicator of airway obstruction severity. The
repeatability of CT is poor because of the radiation risk and cost effectiveness. Conventional lung
function tests, such as FEV1 (% predicted), which re�ects airway obstruction, can be used as a convenient
and rapid method to assess the severity of bronchiectasis during the follow-up period.

A signi�cant negative correlation was found between HRCT scores and FeNO levels (p = 0.04, r = − 0.229).
The overall levels of FeNO in the bronchiectasis groups were lower than 25 ppb except for the
bronchiectasis with asthma group (34.71 ± 17.31 ppb). The level of FeNO in patients with bronchiectasis
decreased with increasing HRCT score for disease severity. FeNO is associated with airway eosinophilic
in�ammation and is negatively correlated with neutrophilic count in the induced sputum in patients with
non-CF bronchiectasis[28]. This �nding indicates that bronchiectasis severity is associated with
increased non-eosinophilic in�ammation.

Bronchiectasis without asthma or asthmatic features may present different in�ammatory patterns. In our
study, the bronchiectasis alone group showed higher levels of systemic in�ammatory markers (e.g., ESR),
which suggest a higher level of systemic chronic in�ammation, than the other two groups (p < 0.05). A
signi�cant positive correlation was found between ESR and HRCT scores (p = 0.0001, r = 0.6326), and a
negative correlation was found between ESR and FeNO levels (p = 0.02, r = − 0.338). The elevation of
systemic in�ammatory markers was associated with disease severity. The results suggested that
systemic in�ammation in patients with bronchiectasis is related to disease severity. ESR can be an easy-
to-use method and a useful marker for assessing disease severity in patients with bronchiectasis. No
previous study has demonstrated a correlation between ESR and HRCT scores before.
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This study has several limitations. First, the work was a retrospective, single-center study that involves a
relatively small number of patients. Second, this study focused on the baseline characteristics of patients
with bronchiectasis. Lastly, the results may have still been affected by other treatments, although the
patients discontinued their treatments within 72 h prior to blood test, PFT, and FeNO test.

Conclusions
 In conclusion, a remarkable proportion of patients with bronchiectasis have emphysema and asthma.
Biomarkers (e.g., FeNO) and conventional lung function tests (e.g., FEV1) should be routinely used for
phenotyping bronchiectasis for potential targeted therapy. ESR can be used as a biomarker to re�ect the
level of systemic inflammation and bronchiectasis severity. Additional studies are required to elucidate
the clinical importance of the role of ESR and FeNO in the assessment of treatment response and the
progression of bronchiectasis after anti-inflammatory therapy.
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Figures

Figure 2

HRCT value among the different groups of bronchiectasis. Note: Given is the median with interquartile
range.

Figure 3

FeNO value among different groups of bronchiectasis (*P < 0.001, **P < 0.01, ***P < 0.05) Note: Given is
the median with interquartile range. Abbreviations: FeNO, fractional exhaled nitric oxide
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Figure 5

Correlation of FeNO with blood eosinophil, IgE, systemic inflammatory markers, PFT and HRCT score.


