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Background: As a disease characterized by chronic neutrophilic inflammation, various sputum biomarkers 
have been investigated in the association with the severity and prognosis of bronchiectasis. However, there 
is lack of data on the association between sputum interleukin-1beta (IL-1β), interleukin-8 (IL-8) and 
tumor necrosis factor-alpha (TNF-α) levels at clinical stable state and the clinical, spirometric and blood 
inflammatory parameters, as well as prognostic scores. The purpose of the study is to assess the association 
between sputum IL-1β, IL-8 and TNF-α levels at clinical stable state and various clinical and laboratory 
parameters in bronchiectasis.
Methods: A prospective study was conducted in a major regional hospital and tertiary respiratory referral 
centre in Hong Kong, including 44 Chinese patients with bronchiectasis. The correlation between stable 
state sputum IL-1β, IL-8 and TNF-α levels with various clinical, laboratory and spirometric parameters in 
bronchiectasis, as well as FACED [forced expiratory volume in one second (FEV1), age, chronic colonisation 
by Pseudomonas aeruginosa, radiological extension and dyspnoea]/E-FACED (FACED plus exacerbations) 
scores were assessed.
Results: Baseline sputum IL-1β level was found to have significant moderate positive correlation with 
baseline blood high sensitivity C-reactive protein (hs-CRP) level with Pearson correlation coefficient (r) of 
0.529 (P=0.001). Baseline sputum IL-8 level was found to have significant moderate positive correlation with 
baseline FACED and E-FACED score with r of 0.574 (P<0.001) and 0.539 (P<0.001) respectively. Baseline 
sputum TNF-α level was found to have significant moderate positive correlation with baseline FACED score 
with r of 0.520 (P<0.001). 
Conclusions: Sputum IL-1β and, IL-8 and TNF-α levels were shown to have significant correlation with 
various clinical, laboratory and spirometry parameters in bronchiectasis, as well as more severe disease as 
measured by FACED and E-FACED scores.
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Introduction

Bronchiectasis is  characterized by chronic airway 
inflammation, abnormal mucus clearance and bacterial 
colonization. The end result is progressive airway 
destruction and distortion (1-3). This destructive process 
perpetuates in a vicious cycle even when the initial insult has 
subsided, which is commonly due to an infective process like  
tuberculosis (4-6). 

In recent years, accumulated evidence suggested a central 
role of airway inflammation and immune dysregulation in 
the evolution of bronchiectasis (7). The most well reported 
airway inflammation in bronchiectasis is neutrophilic 
inflammation. It is characterized by abundance of 
neutrophils in sputum, bronchoalveolar lavage fluid and 
bronchial biopsy from patients with bronchiectasis (8). 
Various pro-inflammatory cytokines were shown to be 
responsible in the recruitment and trafficking of neutrophils 
to the bronchiectatic airways. These cytokines include 
interleukin-1beta (IL-1β) (9), interleukin-8 (IL-8) (10,11), 
tumor necrosis factor-alpha (TNF-α) (12), and leukotriene 
(LT) B4 (13). There was also in vitro model suggesting that 
sputum from patients with bronchiectasis could stimulate 
IL-6 production from normal human bronchial epithelial 
cells, mediated via TNF-α (14). Studies suggested the 
involvement of Th17 immunity in bronchiectasis, in which 
Th17-polarized CD4 T cells can respond to bacteria 
(especially Pseudomonas aeruginosa) in bronchiectatic airways 

by elaboration of IL-17, leading to downstream IL-8 
release from airway epithelial cells, neutrophil chemotaxis, 
mucus hypersecretion and formation of ectopic lymphoid  
follicles (3). This IL-17 driven pathway can further 
aggravate the vicious cycle in bronchiectasis. Studies 
demonstrated that airway neutrophilic inflammation as 
indicated by sputum neutrophil count at stable state was 
associated with worse lung function as measured forced 
expiratory volume in one second (FEV1), and disease 
severity as measured by bronchiectasis severity score (BSI) 
(15,16). Sputum elastase was also shown to be significantly 
correlated with 24-hour sputum volume, extent of 
bronchiectasis, FEV1 as percentage predicted, as well as 
sputum leukocyte count in stable bronchiectasis (5). Among 
patients who had Pseudomonas aeruginosa colonization, they 
had greater sputum neutrophilia and volume, with lower 
FEV1 and FEV1/forced vital capacity (FVC) ratio (15,16).

While different sputum cytokines and inflammatory 
markers can be measured in sputum sample, their clinical 
relevance is yet to be determined. A pediatric study suggested 
that symptom scores correlated with FEV1 and sputum IL-8 
levels. There was also a significant correlation between high 
resolution computed tomography (HRCT) severity scores 
and symptoms, FEV1, sputum IL-8 and TNF-α levels (17). 

There was one study suggesting that sputum cell counts, 
IL-8 and IL-13 correlated with distinct clinical and functional 
measurements of disease severity. In that study, they showed 
that sputum IL-8 levels were higher in subjects with frequent 
exacerbations. It also correlated with sputum neutrophil 
level, the extent of bronchiectasis in HRCT and post-
bronchodilator FEV1. On the other hand, sputum IL-13 level 
was shown to be correlated with sputum eosinophil level and 
bronchodilator reversibility (18). However, the value of sputum 
IL-1β and TNF-α were not assessed in previous studies. They 
also did not assess the correlation of the sputum inflammatory 
cytokines level with FACED (FEV1, age, chronic colonisation 
by Pseudomonas aeruginosa, radiological extension and 
dyspnoea)/E-FACED (FACED plus exacerbations) score, as 
well as blood inflammatory markers.

There has been limited clinical data on how various 
sputum cytokines and inflammatory markers correlate with 
the disease severity and other blood inflammatory markers. 
As such, we aim to investigate the association between 
sputum IL-1β, IL-8 and TNF-α level at clinical stable and 
the severity of bronchiectasis, as well as the level of blood 
inflammatory markers. We present this article in accordance 
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-24-573/rc).

Highlight box

Key findings
• Baseline sputum interleukin-1beta (IL-1β) level had significant 

moderate positive correlation with baseline blood high sensitivity 
C-reactive protein level, FACED score and E-FACED score. 
And baseline sputum tumor necrosis factor-alpha (TNF-α) level 
was found to have significant moderate positive correlation with 
baseline FACED score.

What is known and what is new? 
• Sputum biomarkers have been investigated in their association with 

severity and prognosis of bronchiectasis.
• This study is the first report of association and correlation between 

sputum IL-1β, interleukin-8, and TNF-α levels at stable state and 
clinical, spirometry, blood parameters, as well as prognostic scores. 

What is the implication, and what should change now? 
• The findings from this study suggest the clinical value of the 

severity of airway inflammation as measured by sputum cytokines 
in stable state bronchiectasis.

https://jtd.amegroups.com/article/view/10.21037/jtd-24-573/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-573/rc
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Methods

This was a prospective clinical study conducted in Hong 
Kong. Patients with bronchiectasis that have follow up 
in the adult Respiratory Specialty Clinic at Queen Mary 
Hospital, Hong Kong were recruited from 1st October to 
31st December 2021. Subjects above the age of 18 years 
with confirmed diagnosis of bronchiectasis based on 
(HRCT were included). Patients with co-existing systemic 
inflammatory diseases were excluded. 

Fresh sputum sample was collected from the patients 
at clinical stable state and stored at −70 ℃ within 15 min 
of collection until ultracentrifugation (100,000 g for  
30 min at 4 ℃) to obtain the sol phase used for enzyme-
linked immunosorbent assay of cytokines including IL-
1β and IL-8, TNF-α levels using commercially available 
kits (19). Samples were added to a 96-well plate (R&D 
Systems, Minneapolis, MN, USA) coated with monoclonal 
antibody against one of the cytokines and incubated for  
2 hours at room temperature. The samples were then 
removed and washed three times with buffer, and an 
enzyme-linked antibody specific for a particular cytokine is 
added to each well and incubated at room temperature for 
2 hours. After a final wash to remove all unbound antibody, 
a substrate solution was added to each well and incubated 
for 20 min before the reaction is terminated by adding a 
“stop solution” (1 M sulfuric acid). The optical density was 
determined by using a plate reader at 450 nm that reflects 
the concentration of the cytokines. Experiments were 
conducted in triplicates.

The co-primary outcomes were the correlation of 
sputum IL-1β, IL-8 and TNF-α levels with FACED score, 
E-FACED score; modified Medical Research Council 
(mMRC) dyspnoea scale, number of exacerbations in the 
subsequent 1 year; spirometry values (FEV1 in litre and as 
percentage predicted); blood neutrophil count, lymphocyte 
count, neutrophil to lymphocyte ratio (NLR), C-reactive 
protein (CRP) and high sensitivity C-reactive protein (hs-
CRP) level at stable state. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Institutional Review 
Board of the University of Hong Kong and Hospital 
Authority Hong Kong West Cluster (No. UW19-624). 
Informed consents were obtained.

The sample size was calculated with reference to a previously 
published study on the correlation with inflammatory markers 
in induced sputum and clinical characteristics in children with 
bronchiectasis (17). In that study, symptom scores correlated 

with sputum IL-8 levels (r=0.67, P<0.05). A sample size of 17 
would have α of 0.05, β of 0.15 and sample correlation of 0.67.

Statistical analysis

Numeric data based on demographic features and sputum 
cytokines results were presented as mean ± standard 
deviation (SD) for the values that were normally distributed. 
The values were presented as median and interquartile range 
(IQR) if they were not normally distributed. The categorical 
variables were presented as frequencies and percentages. 
The relationship between sputum IL-1β, IL-8, TNF-α 
levels and mMRC dyspnoea scale, FACED score, E-FACED 
score, number of exacerbations in the follow-up period of  
1 year, spirometry values, blood inflammatory markers levels 
were assessed using the Pearson’s correlation coefficient 
metrics. Statistical significance was determined at the level 
of P≤0.05. All statistical analyses were performed using the 
26th version of SPSS statistical package.

Results

A total of 44 Chinese patients with bronchiectasis managed 
in Queen Mary Hospital were included. 

Baseline characteristics

The mean age was 70.2±8.6 years. There were more females 
(68.2%) and never-smokers (86.4%). The mean body mass 
index (BMI) was 22.3±4.2 kg/m2. The mean FEV1 was 
1.73±0.65 L (90%±24%). Multilobar involvement, defined 
as those with disease in more than 2 lobes, were seen in 
38.6% of the patients. The median mMRC dyspnea scale was 
1 (IQR, 1–2) with 4 (9.1%) of the patients having mMRC 
dyspnea scale ≥2, which will be scored 1 in FACED and 
E-FACED score. The median FACED and E-FACED score 
were 3 (IQR, 2–4) and 3 (IQR, 2–4) respectively. The median 
sputum IL-1β and IL-8, TNF-α levels at baseline were 2.10 
(IQR, 0.81–4.44) ng/mL, 13.48 (IQR, 6.43–22.0) ng/mL and 
6.86 (IQR, 1.35–19.35) pg/mL, respectively. The results are 
summarized in Table 1. 

Sputum IL-1β 

Baseline sputum IL-1β level was found to have significant 
positive correlation with baseline blood hs-CRP level, 
number of all bronchiectasis exacerbation and hospitalized 
bronchiectasis exacerbation in the follow-up of 1 year, 
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baseline mMRC dyspnoea scale, FACED score, E-FACED 
score, baseline blood neutrophil count and NLR with 
Pearson correlation coefficient (r) of 0.529 (P=0.001). 

0.400 (P=0.01), 0.427 (P=0.008), 0.426 (P=0.004), 0.446 
(P=0.004), 0.399 (P=0.01), 0.318 (P=0.04) and 0.461 
(P=0.002). It had negative correlation with baseline FEV1 
in litre and percentage predicted, as well as baseline blood 
lymphocyte count with r of −0.348 (P=0.03), −0.441 
(P=0.005), −0.307 (P=0.04), respectively. The results are 
summarized in Table 2 and Figures 1,2.

Sputum IL-8

Baseline sputum IL-8 level was found to have significant 
moderate positive correlation with baseline FACED and 
E-FACED score with r of 0.574 (P<0.001) and 0.539 
(P<0.001) respectively. It has weak positive correlation with 
baseline mMRC dyspnoea scale with r of 0.309 (P=0.04) 
and moderate negative correlation with baseline FEV1 
in percentage predicted with r of −0.440 (P=0.005). The 
results are summarized in Table 3 and Figure 3.

Sputum TNF-α 

Baseline sputum TNF-α level was found to have significant 
moderate positive correlation with baseline FACED score, 
with baseline E-FACED and mMRC dyspnoea scale with r 
of 0.520 (P<0.001), 0.477 (P=0.002) and r of 0.335 (P=0.03) 
respectively. It has negative correlation with baseline FEV1 
percentage predicted with r of −0.445 (P=0.005). The 
results are summarized in Table 4 and Figure 4.

Sputum IL-1β, IL-8 and TNF-α levels

Sputum IL-1β, IL-8 and TNF-α levels were found to be 
strongly and significantly correlated with each other. The r 
for IL-1β and IL-8 was 0.715 (P<0.001), 0.748 (P<0.001) for 
IL-1β and TNF-α, 0.654 (P<0.001) for IL-1β and TNF-α.

Discussion

To our best knowledge, it is the first report of the 
association and correlation between sputum inflammatory 
markers with IL-1β, IL-8 and TNF-α level at clinical 
stable and severity of bronchiectasis and the level of 
blood inflammatory markers. The higher the sputum 
inflammatory markers are, the more severe the disease, as 
evidenced by higher mMRC dyspnea scale, lower FEV1, 
higher FACED score and E-FACED score; as well as 
higher blood inflammatory markers including CRP, hs-
CRP and NLR. The findings from this study suggest the 

Table 1 Baseline demographic and clinical characteristics of all the 
included subjects (n=44)

Patient characteristics Values

Age (years) 70.2±8.6

Female 30 (68.2)

Never-smokers 38 (86.4)

Body mass index (kg/m2) 22.3±4.2

FEV1 (L) 1.73±0.65

FEV1 (% predicted) 90±24

FVC (L) 2.44±0.84

FVC (% predicted) 95±19

Extent of involvement ≥3 lobes 17 (38.6)

Baseline mMRC dyspnoea scale 1 [1–2]

Number of patients with mMRC dyspnoea scale ≥2 4 (9.1)

Pseudomonas aeruginosa colonization 16 (36.4)

Number of exacerbations in the past 1 year 7 (15.9)

Number of hospitalized exacerbations in the past 
1 year

2 (4.5)

Exacerbations in the follow period of 1 year 14 (31.8)

Hospitalized exacerbations in the follow period of 
1 year

8 (18.2)

Baseline blood leucocyte count (× cells/µL) 6.96±2.43

Baseline blood neutrophil count (× cells/µL) 4.41±2.31

Baseline blood lymphocyte (× cells/µL) 1.83±0.54

Baseline neutrophil to lymphocyte ratio 2.27 [1.57–3.12]

Baseline hs-CRP level (mg/dL) 0.57±0.15

Baseline FACED score 3 [2–4]

Baseline E-FACED score 3 [2–4]

Baseline sputum IL-1β level (ng/mL) 2.10 [0.81–4.44]

Baseline sputum IL-8 level (ng/mL) 13.48 [6.43–22.0]

Baseline sputum TNF-α level (pg/mL) 6.86 [1.35–19.35]

Date are presented as mean ± standard deviation or n (%) or median 
[interquartile range]. FEV1, forced expiratory volume in one second; 
FVC, forced vital capacity; mMRC, modified Medical Research 
Council; hs-CRP, high sensitivity C-reactive protein; FACED, FEV1, 
age, chronic colonisation by Pseudomonas aeruginosa, radiological 
extension and dyspnoea; E-FACED, FACED plus exacerbations; 
IL-1β, interleukin-1beta; IL-8, interleukin-8; TNF-α, tumor necrosis 

factor-alpha.
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Table 2 Correlation of sputum IL-1β level with clinical, spirometry and blood inflammatory markers

Clinical and laboratory parameters Pearson correlation coefficient P value

FEV1 −0.348† 0.03*

FEV1 (% predicted) −0.441‡ 0.005*

Baseline mMRC dyspnoea scale 0.426‡ 0.004*

Number of exacerbations in the follow period of 1 year 0.400‡ 0.01*

Number of hospitalized exacerbations in the follow period of 1 year 0.427‡ 0.008*

Baseline blood leucocyte count 0.271 0.08

Baseline blood neutrophil count 0.318† 0.04*

Baseline blood lymphocyte −0.307† 0.04*

Baseline neutrophil to lymphocyte ratio 0.461‡ 0.002*

Baseline hs-CRP level 0.529‡ 0.001*

Baseline FACED score 0.446‡ 0.004*

Baseline E-FACED score 0.399† 0.01*

*, statistically significant; †, weak correlation; ‡, moderate correlation. IL-1β, interleukin-1beta; FEV1, forced expiratory volume in one 
second; mMRC, modified Medical Research Council; hs-CRP, high sensitivity C-reactive protein; FACED, FEV1, age, chronic colonisation 
by Pseudomonas aeruginosa, radiological extension and dyspnoea; E-FACED, FACED plus exacerbations.

Figure 1 Scatter plots of the correlation between sputum IL-1β level and (A) baseline blood hs-CRP level, (B) baseline blood neutrophil 
count, (C) baseline blood lymphocyte count, (D) baseline NLR. IL-1β, interleukin-1beta; hs-CRP, high sensitivity C-reactive protein; NLR, 
neutrophil to lymphocyte ratio. 
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Figure 2 Scatter plots of the correlation between sputum IL-1β level and (A) baseline FACED score, (B) baseline E-FACED score, (C) 
baseline FEV1 in litre, (D) baseline FEV1 percentage predicted. IL-1β, interleukin-1beta; FACED, FEV1, age, chronic colonisation by 
Pseudomonas aeruginosa, radiological extension and dyspnoea; E-FACED, FACED plus exacerbations; FEV1, forced expiratory volume in 
one second. 

possible clinical value of measuring these sputum cytokines 
in stable state bronchiectasis to reflect the severity of airway 
inflammation with clinical correlations.

As a disease with chronic neutrophilic inflammation, the 
role of sputum neutrophil count and neutrophil elastase 
level had been studied and shown to be associated with 
more severe disease. However, other sputum cytokines 
including IL-1β, IL-8 and TNF-α are less well studied. This 
could partly be related to the cost and availability of these 
tests. But the role of sputum inflammatory markers shall 
not be underestimated as they are directly reflecting the 
degree of airway inflammation, while blood inflammatory 
markers could be affected by non-respiratory tract 
conditions including infection and inflammatory disorders. 
Our result suggested that these sputum cytokines to be 
good inflammatory markers to correlate well with various 
markers of disease severity, including blood inflammatory 
markers, spirometric values, number of bronchiectasis 
exacerbation and FACED/E-FACED score. The long-term 

prognostic value of these sputum cytokines, especially the 
variability at stable state, as well as the values and variability 
at acute exacerbation of bronchiectasis are worth exploring.

In the recent years, there have been growing interest 
in the research on phenotyping of airway diseases, 
especially with the use of blood and sputum inflammatory 
markers (20-22). The correlation with the blood and 
sputum inflammatory markers have also been extensively 
studied (23,24). However, similar studies are lacking in 
bronchiectasis. While there is limited evidence in some 
sputum cytokines such as sputum IL-8 and IL-13 and 
clinical/functional measurements of disease severity, the 
results were not comprehensive enough. Compared with 
other airway diseases, bronchiectasis is well known to be 
associated with chronic productive cough with significant 
amount of sputum. This makes the use of sputum cytokines 
to monitor disease severity and progress feasible. In other 
airway diseases such as asthma, induced sputum may be 
needed in order to measure sputum inflammatory markers 
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Table 3 Correlation of sputum IL-8 level with clinical, spirometry and blood inflammatory markers

Clinical and laboratory parameters Pearson correlation coefficient P value

FEV1 −0.215 0.19

FEV1 (% predicted) −0.440‡ 0.005*

Baseline mMRC dyspnoea scale 0.309† 0.04*

Number of exacerbations in the follow period of 1 year 0.232 0.17

Number of hospitalized exacerbations in the follow period of 1 year 0.233 0.17

Baseline blood leucocyte count 0.145 0.35

Baseline blood neutrophil count 0.148 0.34

Baseline blood lymphocyte −0.102 0.51

Baseline neutrophil to lymphocyte ratio 0.215 0.16

Baseline hs-CRP level 0.219 0.21

Baseline FACED score 0.574‡ <0.001*

Baseline E-FACED score 0.539‡ <0.001*

*, statistically significant; †, weak correlation; ‡, moderate correlation. IL-8, interleukin-8; FEV1, forced expiratory volume in one second; 
mMRC, modified Medical Research Council; hs-CRP, high sensitivity C-reactive protein; FACED, FEV1, age, chronic colonisation by 
Pseudomonas aeruginosa, radiological extension and dyspnoea; E-FACED, FACED plus exacerbations. 

Figure 3 Scatter plots of the correlation between sputum IL-8 and (A) FACED score, (B) E-FACED score, (C) baseline FEV1 in 
percentage. IL-8, interleukin-8; FACED, FEV1, age, chronic colonisation by Pseudomonas aeruginosa, radiological extension and dyspnoea; 
E-FACED, FACED plus exacerbations; FEV1, forced expiratory volume in one second.
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Table 4 Correlation of sputum TNF-α level with clinical, spirometry and blood inflammatory markers

Clinical and laboratory parameters Pearson correlation coefficient P value

FEV1 −0.312 0.053

FEV1 (% predicted) −0.445‡ 0.005*

Baseline mMRC dyspnoea scale 0.335† 0.03*

Number of exacerbations in the follow period of 1 year 0.056 0.74

Number of hospitalized exacerbations in the follow period of 1 year 0.005 0.98

Baseline blood leucocyte count −0.051 0.74

Baseline blood neutrophil count −0.040 0.80

Baseline blood lymphocyte −0134 0.39

Baseline neutrophil to lymphocyte ratio 0.020 0.90

Baseline hs-CRP level 0.073 0.68

Baseline FACED score 0.520‡ <0.001*

Baseline E-FACED score 0.477‡ 0.002*

*, statistically significant; †, weak correlation; ‡, moderate correlation. TNF-α, tumor necrosis factor-alpha; FEV1, forced expiratory volume 
in one second; mMRC, modified Medical Research Council; hs-CRP, high sensitivity C-reactive protein; FACED, FEV1, age, chronic 
colonisation by Pseudomonas aeruginosa, radiological extension and dyspnoea; E-FACED, FACED plus exacerbations.

Figure 4 Scatter plots of the correlation between sputum TNF-α level and (A) baseline FACED score, (B) baseline E-FACED score, 
(C) baseline FEV1 percentage predicted. TNF-α, tumor necrosis factor-alpha; FACED, FEV1, age, chronic colonisation by Pseudomonas 
aeruginosa, radiological extension and dyspnoea; E-FACED, FACED plus exacerbations; FEV1, forced expiratory volume in one second.
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level, which has the potential risks of bronchospasm. It 
also needs to be done by specially trained physiotherapists 
or nurses. This adds up to extra costs of measuring 
sputum cytokines values in asthma and chronic obstructive 
pulmonary disease (COPD). As a disease known to produce 
significant amount of sputum in the majority of patients, 
sputum cytokines can much easily be measured and the 
value of their level worth further research in larger scale 
study with prolonged follow-up period. The levels of 
sputum cytokines level may also help in phenotyping of 
bronchiectasis, which is one of the areas that is being studied 
more extensively in recent years (25-27). Our study suggested 
that sputum IL-1β, IL-8 and TNF-α to be reliable markers 
that correlate with the clinical features in bronchiectasis that 
carry prognostic implications. Our finding also provides 
insights on how the use of various sputum cytokines 
correlates in the clinical features with prognostic implications 
in bronchiectasis. Apart from the three cytokines we 
examined, there are other sputum inflammatory markers that 
can be measured, and it is worthwhile to know about their 
role in bronchiectasis in future.

While these sputum inflammatory biomarkers are not 
yet widely used in clinical setting due to the availability 
issue, with further development of technology, they could 
emerge as potential biomarkers to monitor the clinical 
status of bronchiectasis. The measurement of these 
sputum biomarkers can reflect the degree of the airway 
inflammation in bronchiectasis, and serial measurement may 
allow the clinicians to know about the disease status. It may 
also allow clinicians to assess the response to treatment by 
monitoring the levels of the sputum inflammatory markers 
before and after started the treatment (28,29). Thinking one 
step further, the potential development of volatile organic 
compounds (VOCs) based disease monitoring might be 
possible, through the knowledge discovered in this study. 
Animal study suggested that 1-butanol and 1-pentanol were 
increased in TNF-α treated rats (30). Whether patients 
with elevated sputum TNF-α also had elevated 1-butanol, 
1-pentanol and other VOCs would be an area that worth 
researchers to explore as it might bring about revolution in 
diagnostic measures by VOCs in bronchiectasis.

There are a few limitations in our study. Firstly, this 
study involved only a single centre. However, being a 
tertiary medical centre, the respiratory unit received 
referrals from all other health care facilities across the 
territory. Patients diagnosed with bronchiectasis were 
managed in a designated bronchiectasis clinic in our centre. 
Secondly, the levels of sputum cytokines were measured at 

different times. But all of them were measured when the 
patients were at clinical stable state, so as for the blood 
tests in these patients. Their level shall be representative 
enough. In this study, while we demonstrated the significant 
correlation between sputum IL-1β, IL-8 and TNF-α 
level at clinical stable with the severity of bronchiectasis 
and other the level of blood inflammatory markers, the 
correlation was at best to be moderate. Ideally, a significant 
and strong correlation shall allow the implementation 
of the biomarkers to be used in clinical setting. One of 
the possible reasons for only moderate but not strong 
correlation was observed could be related to the different 
inflammatory phenotypes in bronchiectasis. In recent 
years, eosinophilic phenotypes become increasingly being 
reported in bronchiectasis, which has different behavior 
and prognosis with neutrophilic bronchiectasis (25,31-33). 
As sputum IL-1β, IL-8, and TNF-α are markers related 
to neutrophilic inflammation, it is possible that the level 
of these cytokines was elevated in a greater degree in 
neutrophilic than eosinophilic bronchiectasis. However, due 
to the limited sample size in this study, we were not able to 
further analyze the correlation among different phenotypes. 
A dedicated large-scale study shall be conducted to assess 
this correlation. Furthermore, heterogeneity of systemic 
inflammatory proteins not adequately explained by 
differences in disease aetiology or severity was observed in 
prior study, which could explain for this phenomenon (33).

Conclusions

Sputum IL-1β, IL-8, and TNF-α levels were shown to have 
significant correlation with various clinical, laboratory and 
spirometry parameters in bronchiectasis, as well as more 
severe disease as measured by FACED and E-FACED 
scores.
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