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BACKGROUND: A clinical classification system has been developed to define the severity and
predict the prognosis of subjects with non-cystic fibrosis (CF) bronchiectasis. We aimed to identify
laboratory parameters that are correlated with the bronchiectasis severity index (BSI) and FACED
score. METHODS: The medical records of 107 subjects with non-CF bronchiectasis for whom BSI
and FACED scores could be calculated were retrospectively reviewed. The correlations between the
laboratory parameters and BSI or FACED score were assessed, and multiple-linear regression
analysis was performed to identify variables independently associated with BSI and FACED score.
An additional subgroup analysis was performed according to sex. RESULTS: Among all of the
enrolled subjects, 49 (45.8%) were male and 58 (54.2%) were female. The mean BSI and FACED
scores were 9.43 � 3.81 and 1.92 � 1.59, respectively. The serum albumin level (r � �0.49),
bilirubin level (r � �0.31), C-reactive protein level (r � 0.22), hemoglobin level (r � �0.2), and
platelet/lymphocyte ratio (r � 0.31) were significantly correlated with BSI. Meanwhile, serum
albumin (r � �0.37) and bilirubin level (r � �0.25) showed a significant correlation with the
FACED score. Multiple-linear regression analysis showed that the serum bilirubin level was inde-
pendently associated with BSI, and the serum albumin level was independently associated with both
scoring systems. Subgroup analysis revealed that the level of uric acid was also a significant variable
independently associated with the BSI in male bronchiectasis subjects. CONCLUSIONS: Several
laboratory variables were identified as possible prognostic factors for non-CF bronchiectasis. Among
them, the serum albumin level exhibited the strongest correlation and was identified as an inde-
pendent variable associated with the BSI and FACED scores. Key words: non-cystic fibrosis bron-
chiectasis; serum albumin; bronchiectasis severity index; FACED score. [Respir Care
2017;62(8):1075–1084. © 2017 Daedalus Enterprises]

Introduction

Bronchiectasis, a chronic respiratory disease defined as a
permanent dilatation of the bronchi due to recurrent inflam-

mation and infection of the airways, causes agonizing symp-
toms, including chronic cough, sputum production, and he-
moptysis.1 Cystic fibrosis is the most common inheritable
cause of bronchiectasis in western populations, and most bron-
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chiectasis studies have focused on cystic fibrosis. Non-cystic
fibrosis bronchiectasis (non-CF bronchiectasis) was regarded
as an orphan disease for decades. However, there is a grow-
ing interest in, and unmet need for, non-CF bronchiectasis
studies because the pathophysiology, treatment, and progno-
sis of non-CF bronchiectasis may be different from those of
cystic fibrosis.2 Data on the management of non-CF bronchi-
ectasis are lacking, and existing guidelines are based on
cystic fibrosis studies and expert opinion.3

Systematic assessment of disease severity is fundamen-
tal to understand the natural course of disease and will be
helpful to predict the prognosis of subjects with non-CF
bronchiectasis. The bronchiectasis severity index (BSI) and
FACED instruments have been developed to assess the
severity of non-CF bronchiectasis.4,5 The FACED score
encompasses 5 variables: Pseudomonas colonization, dys-
pnea scale, FEV1, age, and the number of affected lobes.
The BSI includes 9 variables, including the 5 variables of
the FACED score with the addition of body mass index,
hospital admission, exacerbation, and colonization with
other organisms. Both FACED and BSI scores are valid
for predicting the mortality of patients with non-CF bron-
chiectasis. However, it is not always feasible to calculate
these clinical scores in real practice.

Several biomarkers have been developed for the diagnosis,
evaluation of treatment response, and prediction of prognosis
of airway diseases. COPD and asthma are representative dis-
eases for which biomarker studies were extensively performed
for decades.6,7 The eosinophil counts in induced sputum can
effectively guide the dose of medication,8 and exhaled nitric
oxide can predict eosinophilic inflammation and steroid re-
sponsiveness.9 Meanwhile, the fibrinogen level is a well-es-
tablished blood biomarker in patients with COPD, predicting
mortality and the risk of exacerbation.10 Although proteomic
and metabolomic biomarkers are under investigation,11,12 fur-
ther studies are needed to establish their clinical implications
in airway diseases. Regarding biomarkers in patients with
non-CF bronchiectasis, scarce data exist to the best of our
knowledge. Thus, the aim of the current study was to dis-
cover blood biomarkers that may be useful to predict the
prognosis of subjects with non-CF bronchiectasis using the
BSI and FACED scores.

Methods

Study Population

The study group included 107 subjects with non-CF
bronchiectasis who visited Gyeongsang National Univer-
sity Hospital (Jinju, Korea) from July 2013 to August
2014. The diagnosis of bronchiectasis was made by high-
resolution computed tomography in subjects with a com-
patible clinical history. The morphologic criteria of high-
resolution computed tomography include (1) a larger size

of the bronchial internal diameter than the accompanying
pulmonary artery and (2) a lack of tapering of the bronchi
in the peripheral lungs.13 Clinical symptoms consistent
with bronchiectasis include chronic cough, productive spu-
tum, exertional dyspnea, and recurrent lower respiratory
infection.3 The exclusion criteria were as follows: (1) a
diagnosis of bronchiectasis based solely on partial lung
images of abdominal computed tomography; (2) inability
to verify the results of a pulmonary function test; (3) the
absence of sputum bacteriologic results; (4) traction bron-
chiectasis due to interstitial lung disease or other pulmo-
nary diseases; (5) non-tuberculous mycobacterial lung dis-
ease; and (6) coexistence of an active malignant disease.
The diagnosis of non-tuberculous mycobacterial lung dis-
ease was made according to the official statement of the
American Thoracic Society and the Infectious Disease So-
ciety of America guidelines.14 This study was approved by
the institutional review board of Gyeongsang National Uni-
versity Hospital (approval GNUH2016-02-005).

Data Collection and Study Design

All of the data were collected from a retrospective re-
view of the subjects’ medical records. Data on baseline
demographic characteristics and clinical variables, obtained
to calculate the BSI and FACED scores, included age,
body mass index, FEV1, Medical Research Council dys-
pnea score, modified Medical Research Council dyspnea
score, radiologic appearance of dilated bronchi (cylindri-
cal vs varicose vs cystic), number of affected lobes, Pseu-
domonas colonization, colonization with other organisms,

QUICK LOOK

Current knowledge

The bronchiectasis severity index and FACED score
are multidimensional scoring systems that were de-
veloped to define the severity of non-CF bronchiec-
tasis. Both scores accurately predicted exacerbation
and mortality of patients with non-CF bronchiectasis.
However, the association between laboratory vari-
ables and scoring systems was not validated.

What this paper contributes to our knowledge

In this retrospective study, several laboratory biomark-
ers, including serum albumin, bilirubin, hemoglobin,
C-reactive protein, platelet/lymphocyte ratio, and uric
acid, were significantly correlated with bronchiectasis
severity index and/or FACED score. Among these pa-
rameters, serum albumin showed the strongest and in-
dependent association with both scoring systems.
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number of hospital admissions, and number of exacerba-
tions. Comorbid diseases and laboratory values, including
the white blood cell count, neutrophil/lymphocyte ratio,
platelet count, platelet/lymphocyte ratio, and hematocrit,
as well as the serum levels of hemoglobin, protein, albu-
min, total bilirubin, uric acid, and C-reactive protein, were
also obtained. Spirometry was performed according to the
guidelines of the American Thoracic Society and Euro-
pean Respiratory Society.15 COPD was diagnosed by spi-
rometry if the post-bronchodilator FEV1/FVC was � 0.7
according to the Global Initiative for Chronic Obstructive
Lung Disease guidelines. Peripheral blood samples were
collected, and spirometry was conducted when the sub-
jects’ condition was considered clinically stable at the out-
patient department during their regular follow-up. Radio-
logic assessments of bronchiectasis were performed using
the modified Reiff score.16 The definition of chronic col-
onization was the isolation of bacteria in sputum � 2 times,
� 3 months apart within 1 y.5 Exacerbations were defined
as worsening symptoms, such as increasing sputum vol-
ume or purulence, worsening dyspnea, increased cough, or
increased fatigue/malaise.3

Based on verified medical records, the BSI and FACED
scores were calculated in enrolled subjects with non-CF bron-
chiectasis. Laboratory values that were significantly corre-
lated with subjects’ BSI and FACED scores were analyzed.
An additional subgroup analysis was performed accord-
ing to sex.

Statistical Analysis

Unpaired t test and one-way analysis of variance were
used if the distribution was normal, or Mann-Whitney U
test and Kruskal-Wallis test were used if the distribution
was not normal to compare categorical variables. The cor-
relation coefficients and significance of the association
between 2 continuous variables were analyzed by Pear-
son’s correlation test when both variables were normally
distributed. Spearman’s rho correlation test was used when
one or both of the continuous variables were not normally
distributed. Multiple linear regression analysis was per-
formed to identify variables independently associated with
the dependent variables (ie, the BSI and FACED scores).
Only statistically significant variables in the correlation
test were entered into the multivariate analysis. A P value
� .05 was considered to indicate statistical significance.
Statistical analyses were performed using SPSS 21.0 for
Windows (SPSS, Chicago, Illinois).

Results

Baseline Characteristics

In total, 283 patients with non-CF bronchiectasis were
identified initially, of whom 226 underwent chest com-

puted tomography. An additional 119 patients were ex-
cluded for the reasons outlined in Figure 1. Finally, 107
subjects were enrolled for the final analysis. The mean age
of the enrolled subjects was 62.5 � 10.1 y, and 58 subjects
(54.2%) were female. The mean FEV1 was 1.78 � 0.68 L,
and the mean percent-of-predicted value of FEV1 was
67.8 � 23.0. Most subjects (71%) were never-smokers. A
history of hospital admissions and exacerbation was pres-
ent in 71 subjects (66.4%) and 78 subjects (72.9%), re-
spectively. There were 24 subjects (22.4%) with Pseu-
domonas colonization, and 13 subjects (12.1%) were
colonized with other organisms. Cylindrical bronchiectasis
was the most common pattern on high-resolution com-
puted tomography, followed by a cystic and varicose bron-
chiectasis pattern. The mean duration of disease in sub-
jects with non-CF bronchiectasis was 56.9 � 37.7 months.
The mean BSI and FACED scores of the enrolled subjects
were 9.43 � 3.81 and 1.92 � 1.59, respectively. The
distribution of subjects according to the tertiles of the BSI
and FACED scores is shown in Figure 2. The ranges of
scores for the low, intermediate, and high group according
to the BSI were 0–4, 5–8, and � 9 points, and those ac-
cording to the FACED score were 0–2, 3–4, and 5–7 points,
respectively.4,5. Subjects with a low FACED score pre-
dominated, whereas the high-score group predominated
according to BSI classification. COPD was present in 50.5%
of subjects with non-CF bronchiectasis. Other common
comorbid diseases included hypertension, diabetes, and
asthma (Table 1). A comparison of the characteristics of
the male and female subjects is provided in Table 1. Never-
smokers were more common, the number of exacerbations
in the previous year was lower, and COPD was less com-
monly present in female subjects than in male subjects
with non-CF bronchiectasis. Table 2 lists the laboratory
values of the enrolled subjects.

Fig. 1. Flow chart. CT � computed tomography, PFT � pulmonary
function testing.

SERUM ALBUMIN IN BRONCHIECTASIS

RESPIRATORY CARE • AUGUST 2017 VOL 62 NO 8 1077



Factors Correlated With BSI and FACED Score

Among the various laboratory values, 5 factors, includ-
ing the serum albumin level, bilirubin level, hemoglobin
level, C-reactive protein level, and platelet/lymphocyte ra-
tio, were significantly correlated with the BSI. Factors
significantly correlated with the FACED score were the
serum albumin and bilirubin level (Table 3). The serum
albumin and bilirubin levels significantly correlated with
both the BSI and FACED scores. The correlation coeffi-
cients of the serum albumin were higher than those for the
other variables. Multiple-linear regression analysis identi-
fied variables independently associated with the BSI and
FACED scores. The serum albumin and bilirubin levels
were independent variables associated with the BSI score.
The serum albumin level was the only variable indepen-
dently associated with the FACED score (Table 4). The
serum albumin level was significantly different among sub-
jects with mild, intermediate, and severe BSI scores. The
association between serum bilirubin level and BSI was
weak and statistically insignificant. There were not signif-
icant differences for FACED score in the serum albumin
and bilirubin level across severity groups (Fig. 3). Addi-
tional subgroup analysis according to sex showed that uric
acid was significantly correlated and independently asso-
ciated with the BSI in male subjects with non-CF bron-
chiectasis (Tables 3 and 5).

Discussion

The current study aimed to identify laboratory variables
that show a significant correlation with the BSI and FACED
scores of subjects with non-CF bronchiectasis; in other
words, our main objective was to indirectly uncover
possible prognostic factors using well-validated prog-
nostic scoring systems. The serum albumin level, bili-
rubin level, C-reactive protein level, platelet/lympho-

cyte ratio, and hemoglobin level showed significant
correlations with the BSI and/or FACED score, imply-
ing that these laboratory variables could be used as
prognostic factors. The serum albumin level showed a
significant correlation with both scoring systems, and
the degree of correlation was higher than that for the
other factors. After multivariate analysis, the serum al-
bumin level achieved a significant independent associ-
ation with the BSI and FACED scores.

We enrolled 107 subjects with non-CF bronchiectasis
who visited a single tertiary referral hospital in South Ko-
rea. The demographic and clinical characteristics of our
subjects showed many similarities with those of subjects
from other studies. In many previous reports, non-CF bron-
chiectasis occurred more commonly in females than in
males.4,17-19 Morrissey and Harper20 reported that non-CF
bronchiectasis is more common and virulent in females
because of different immune responses. Correspondingly,
slightly more female subjects were enrolled in this study.
Female subjects showed relatively higher lung function, a
lower number of exacerbations, and lower uric acid and
C-reactive protein levels compared with the male subjects
in this study. Loebinger et al,21 meanwhile, reported that
male sex was an independent predictor of long-term mor-
tality in subjects with bronchiectasis. The prognostic dif-
ference between male and female subjects needs to be
validated in the future.

The current study showed that chronic colonization with
Pseudomonas was present in 22.4% of the enrolled sub-
jects. The frequency of Pseudomonas isolation in subjects
with non-CF bronchiectasis is 12–31% according to a re-
view article by King et al.22 They reported that the colo-
nization of Haemophilus influenza is as common as that of
Pseudomonas. However, colonization with Haemophilus
was uncommon in this study (data not shown).

An overlap between COPD and bronchiectasis has been
highlighted because the 2 diseases coexist frequently, and
patients with both diseases show increased mortality.23

Bronchiectasis and COPD have common clinical features,
including cough, sputum, and exacerbation. However, the
pathogenesis, diagnostic tools, and treatment modality are
somewhat different. Over half of the subjects with non-CF
bronchiectasis had spirometry-diagnosed COPD as a co-
morbid disease in this study. Because 71.0% of the sub-
jects were never-smokers, the interaction between bron-
chiectasis and COPD may be more vital. Previous studies24,25

proved that bronchiectasis increased the mortality of subjects
with COPD and vice versa. More studies are needed to
assess the impact of COPD on the prognosis of subjects
with bronchiectasis.

The BSI and FACED scoring systems were developed
by 2 different research groups. We found a different pat-
tern in terms of disease severity classification between the
BSI and FACED instruments; 66.4% of our subjects were

Fig. 2. Subject distribution according to FACED score and bron-
chiectasis severity index (BSI).
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in the low FACED score group, whereas the low BSI
group included only 13.1% of the subjects. The classifi-
cations of the systems were found to be comparable in a
report of Minov et al,26 which showed that 43.2 and 45.9%
of subjects belonged to the low-BSI and low-FACED score
groups, respectively. However, larger multi-center Eu-
ropean cohorts showed that the subjects were predom-
inantly classified as a moderate-to-severe group based
on BSI classification, and a mild bronchiectasis group
predominated according to the BSI classification.27 Brill
et al17 reported that 28% of subjects with non-CF bron-
chiectasis were classified into the low BSI group, but they

did not discuss the FACED score in their study. Although
both scoring systems accurately predict the mortality of
subjects with non-CF bronchiectasis,4,5 a discrepancy could
exist in terms of severity classification; however, the clin-
ical importance of this phenomenon remains unclear.

The importance of systemic inflammation and conse-
quent systemic comorbidities are well-established in pa-
tients with COPD.28 To date, the evidence of systemic
inflammation in patients with non-CF bronchiectasis is
insufficient. However, a few studies have suggested that
systemic inflammatory responses are increased in stable
bronchiectasis subjects. The plasma concentration of

Table 1. Baseline Characteristics of the Study Subjects With Non-Cystic Fibrosis Bronchiectasis

Characteristics All Subjects (N � 107) Male (n � 49) Female (n � 58) P*

Age, mean � SD y 62.5 � 10.1 62.1 � 10.3 62.9 � 10.1 .66
Body mass index, mean � SD kg/m2 21.7 � 3.40 22.0 � 3.87 21.5 � 2.97 .38
FEV1/FVC, mean � SD 68.5 � 12.8 66.0 � 12.9 70.6 � 12.5 .06
FEV1, mean � SD L 1.78 � 0.68 1.96 � 0.81 1.63 � 0.52 .02
FEV1, mean � SD % predicted 67.8 � 23.0 63.1 � 24.2 71.7 � 21.4 .052
Smoking status, n (%) �.001

Current smoker 7 (6.5) 6 (12.2) 1 (1.7)
Former smoker 24 (22.4) 23 (46.9) 1 (1.7)
Never-smoker 76 (71.0) 20 (40.8) 56 (96.6)

History of respiratory hospitalization, n (%) .83
Yes 71 (66.4) 32 (65.3) 39 (67.2)
No 36 (33.6) 17 (34.7) 19 (32.8)

History of exacerbation, n (%) .32
Yes 78 (72.9) 38 (77.6) 40 (69.0)
No 29 (27.1) 11 (22.4) 18 (31.0)

Number of exacerbations in previous y, mean � SD 1.46 � 1.48 1.98 � 1.81 1.02 � 0.93 .001
Chronic colonization with Pseudomonas, n (%) .99

Yes 24 (22.4) 11 (22.4) 13 (22.4)
No 83 (77.6) 38 (77.6) 45 (77.6)

Chronic colonization with other organism, n (%) .07
Yes 13 (12.1) 9 (18.4) 4 (6.9)
No 94 (87.9) 40 (81.6) 54 (93.1)

Number of affected lobes, mean � SD 3.24 � 1.52 3.39 � 1.46 3.12 � 1.58 .37
Pattern of bronchiectasis, n (%) .46

Cylindrical 68 (63.6) 34 (69.4) 34 (58.6)
Varicose 4 (3.7) 2 (4.1) 2 (3.4)
Cystic 35 (32.7) 13 (26.5) 22 (37.9)

FACED score, mean � SD 1.92 � 1.59 2.18 � 1.54 1.69 � 1.61 .11
BSI, mean � SD 9.43 � 3.81 10.1 � 4.09 8.90 � 3.50 .12
Comorbid diseases, n (%)

COPD 54 (50.5) 30 (61.2%) 24 (41.4) .041
Hypertension 27 (25.2) 11 (22.4) 16 (27.6) .54
Diabetes 19 (17.8) 9 (18.4) 10 (17.2) .88
Cardiovascular disease 5 (4.7) 3 (6.1) 2 (3.4) .51
Bronchial asthma 24 (22.4) 11 (22.4) 13 (22.4) .99
Previous history of tuberculosis 28 (26.2) 15 (30.6) 13 (22.4) .34
Depression 6 (5.6) 1 (2.0) 5 (8.6) .14

* P values represent differences between male and female subjects.
BSI � bronchiectasis severity index
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TNF-� was reported to be higher in non-CF bronchiectasis
subjects than in healthy controls, and the level of TNF-�
showed a significant correlation with the C-reactive pro-
tein level, erythrocyte sedimentation rate, and peripheral
blood neutrophil count.29 The authors also showed that the
concentration of TNF-� was associated with the disease
severity of non-CF bronchiectasis,29 suggesting a possible

prognostic role of systemic inflammatory biomarkers in
non-CF bronchiectasis, similar to COPD. Gale et al30 re-
ported that the plasma interleukin-6 level was elevated,
and the albumin level was reduced, in subjects with non-CF
bronchiectasis compared with those in control subjects,
and Ergan Arsava et al31 reported that the C-reactive pro-
tein level, white blood cell count, and fibrinogen level

Table 2. Laboratory Findings of the Study Subjects

Values All Subjects (N � 107) Male (n � 49) Female (n � 58) P*

White blood cell, 109/L 7.11 � 2.34 7.62 � 2.55 6.68 � 2.07 .038
Neutrophil, % 59.3 � 11.4 60.4 � 10.9 58.4 � 11.9 .37
Lymphocyte, % 30.6 � 10.3 28.8 � 9.64 32.1 � 10.6 .10
NLR 2.54 � 2.55 2.60 � 1.84 2.49 � 3.05 .82
Platelet, 109/L 255.9 � 80.6 252.6 � 83.3 258.7 � 78.8 .70
PLR 138.0 � 66.0 132.9 � 52.1 142.4 � 76.0 .46
Hemoglobin, g/dL 12.6 � 1.62 13.2 � 1.75 12.2 � 1.34 .001
BUN, mg/dL 14.1 � 7.55 15.3 � 8.98 13.1 � 5.99 .14
Creatinine, mg/dL 0.75 � 0.34 0.91 � 0.43 0.62 � 0.15 �.001
Uric acid, mg/dL 4.76 � 1.63 5.64 � 1.75 4.01 � 1.06 �.001
Total protein, g/dL 7.13 � 0.57 7.18 � 0.59 7.09 � 0.56 .44
Albumin, g/dL 4.11 � 0.52 4.03 � 0.60 4.18 � 0.45 .15
Total bilirubin, mg/dL 0.54 � 0.33 0.60 � 0.38 0.48 � 0.26 .052
C-reactive protein, mg/L 8.21 � 11.1 11.3 � 13.1 5.64 � 8.27 .01

Data are means � SD.
* P values represent differences between male and female subjects.
NLR � neutrophil/lymphocyte ratio
PLR � platelet/lymphocyte ratio
BUN � blood urea nitrogen

Table 3. Correlation Coefficient for Continuous Variables

Variables
BSI, All Subjects

FACED Score,
All Subjects

BSI, Male
Subjects

FACED Score,
Male Subjects

BSI, Female
Subjects

FACED
Score, Female

Subjects

r P r P r P r P r P r P

White blood cell 0.06 .55 0.16 .10 0.16 .28 0.13 .37 �0.13 .34 0.16 .23
Neutrophil 0.09 .36 0.10 .32 0.31 .033 0.30 .038 �0.13 .34 �0.10 .46
Lymphocyte �0.13 .20 �0.14 .15 �0.30 .040 �0.33 .02 0.07 .63 0.08 .57
NLR 0.08 .43 0.12 .22 0.26 .07 0.31 .033 �0.14 .31 �0.09 .51
Platelet 0.19 .053 0.15 .13 0.23 .11 0.22 .13 0.15 .25 0.08 .53
PLR 0.31 .001 0.14 .16 0.38 .007 0.34 .02 0.30 .02 �0.02 .89
Hemoglobin �0.20 .036 �0.10 .33 �0.29 .046 �0.33 .02 �0.25 .059 �0.06 .66
BUN �0.09 .36 �0.09 .37 �0.17 .24 �0.24 .10 �0.07 .61 �0.03 .81
Creatinine �0.12 .22 �0.03 .77 �0.39 .008 �0.37 .009 �0.11 .41 0.02 .90
Uric acid �0.07 .47 0.04 .71 �0.37 .008 �0.20 .17 0.14 .29 0.14 .29
Total protein �0.11 .26 �0.10 .33 �0.07 .64 �0.02 .89 �0.18 .18 �0.17 .20
Albumin �0.49 �.001 �0.37 �.001 �0.64 �.001 �0.57 �.001 �0.29 .03 �0.17 .20
Total bilirubin �0.31 .001 �0.25 .01 �0.41 .004 �0.39 .006 �0.30 .02 �0.23 .08
C-reactive protein 0.22 .02 0.17 .09 0.23 .12 0.28 .050 0.18 .18 0.04 .80

BSI � bronchiectasis severity index
NLR � neutrophil/lymphocyte ratio
PLR � platelet/lymphocyte ratio
BUN � blood urea nitrogen
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were increased in bronchiectasis subjects with bacterial
colonization. Although the current study did not aim to
compare the inflammatory markers between bronchiecta-
sis subjects and control subjects, our results showed that
systemic inflammatory biomarkers, including the C-reac-
tive protein level and platelet/lymphocyte ratio, were pos-
itively correlated with the severity of non-CF bronchiec-
tasis.

Serum bilirubin and uric acid levels are known to play
important roles in human respiratory disease through an-
tioxidant activity. A high level of serum uric acid was
associated with a decreased incidence of COPD and lung

cancer,32 and the uric acid level was negatively associated
with the severity of COPD.33 Horsfall et al34 reported that
a high level of serum bilirubin was associated with a low
risk of COPD and lung cancer, similar to uric acid. A
significant association between the serum bilirubin level
and disease severity and progression of COPD was also
proven by Apperley et al.35 The current study revealed that
the level of serum bilirubin was negatively correlated with
the BSI. Furthermore, the serum bilirubin level was inde-
pendently and significantly associated with the BSI in mul-
tivariate linear regression analysis. The level of serum uric
acid showed a negative correlation and was independently

Table 4. Multiple Linear Regression Analysis of the Laboratory Variables Associated With the Bronchiectasis Severity Index and FACED
Scores

Dependent Variables Explanatory Variables � Coefficient 95% CI P

BSI PLR 0.01 �0.01 to 0.02 .37
Hemoglobin (g/dL) 0.37 �0.09 to 0.83 .11
Albumin (g/dL) �3.78 �5.23 to �2.33 �.001
Bilirubin (mg/dL) �3.50 �5.56 to �1.43 .001
C-reactive protein (mg/L) 0.02 �0.04 to 0.08 .52

FACED score Albumin (g/dL) �1.18 �1.72 to �0.65 �.001
Bilirubin (mg/dL) �0.84 �1.71 to 0.02 .055

BSI � bronchiectasis severity index
PLR � platelet/lymphocyte ratio

Fig. 3. Differences of serum albumin and bilirubin level according to the severity groups.
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associated with BSI in male subjects with non-CF bron-
chiectasis in this study. These results indicate that inter-
actions between oxidative stress and antioxidant activity
are vital in the progression of non-CF bronchiectasis.

Not only the nutritional status, but also the inflamma-
tory response, is responsible for hypoalbuminemia.36

Chronic respiratory diseases increase energy expenditure
because of an elevated work load with respect to breath-
ing. Simultaneously, chronic systemic and airway inflam-
mation leads to hypoalbuminemia via the elevated transfer
of albumin to the extravascular compartment. Hypoalbu-
minemia is associated with increased morbidity and mor-
tality in chronic respiratory diseases, including COPD and
cystic fibrosis. Malnutrition was associated with worse
lung function,37 and a low level of serum albumin was a
predictor of low FEV1 in subjects with cystic fibrosis.38

The prognostic importance of albumin is more evident in
subjects with COPD. A low level of serum albumin was an
independent predictor of a prolonged hospital stay and
mortality in subjects with COPD exacerbation.39,40 Fur-
thermore, Chen et al41 reported that hypoalbuminemia was
a strong risk factor for acute respiratory failure in subjects
with COPD. The level of serum albumin showed an inde-
pendent negative association with both the BSI and FACED
scores in this study. Although these results cannot confirm
the prognostic significance of the serum albumin level, it
is highly possible that serum albumin plays a role in sub-
jects with non-CF bronchiectasis.

Some limitations of the current study need to be ac-
knowledged. First, this study was a retrospective observa-

tional analysis of previous medical records. Thus, many
subjects were excluded because pulmonary function and
sputum bacteriologic test data were absent, consequently
resulting in the inclusion of a relatively small number of
subjects. There is a chance that many subjects with milder
disease were excluded because pulmonary function and
sputum studies may not be performed in asymptomatic
patients with non-CF bronchiectasis. Second, the causal
relationship between the laboratory markers and disease
severity score is unclear because the study used a cross-
sectional design. Although the level of serum albumin was
an independent predictor of disease severity, longitudi-
nal analysis will be needed for further confirmation.
Third, this study was indirectly aiming to discover prog-
nostic biomarkers using the BSI and FACED scores.
Finally, the etiology of non-CF bronchiectasis could not
be verified. The etiologies of non-CF bronchiectasis are
diverse, and different clinical features may exist accord-
ing to phenotype. Nevertheless, this is the first study
that verified the clinical usefulness of serum albumin in
subjects with non-CF bronchiectasis based on the BSI
and FACED scores.

Conclusions

Among numerous laboratory variables, including the
serum albumin level, bilirubin level, hemoglobin level,
C-reactive protein level, platelet/lymphocyte ratio, and uric
acid level, all of which showed a significant correlation
with the BSI and/or FACED score, the level of serum

Table 5. Multiple Linear Regression Analysis of the Laboratory Variables in Male Subjects With Non-Cystic Fibrosis Bronchiectasis

Dependent Variables Explanatory Variables � Coefficient 95% CI P

BSI Neutrophil (%) 0.06 �0.30 to 0.42 .75
Lymphocyte (%) 0.10 �0.32 to 0.52 .63
PLR 0.01 �0.02 to 0.03 .51
Hemoglobin (g/dL) 0.39 �0.29 to 1.06 .26
Creatinine (mg/dL) 1.12 �1.68 to 3.92 .42
Uric acid (mg/dL) �0.66 �1.30 to �0.01 .045
Albumin (g/dL) �4.36 �6.33 to �2.40 �.001
Bilirubin (mg/dL) �3.00 �5.61 to �0.39 .03

FACED score Neutrophil (%) �0.10 �0.24 to 0.05 .19
Lymphocyte (%) �0.17 �0.35 to 0.01 .07
NLR �0.25 �0.65 to 0.15 .22
PLR �0.00 �0.01 to 0.01 .73
Hemoglobin (g/dL) 0.08 �0.21 to 0.37 .59
Creatinine (mg/dL) �0.65 �1.71 to 0.31 .18
Albumin (g/dL) �1.58 �2.41 to �0.75 �.001
Bilirubin (mg/dL) �0.80 �1.85 to 0.25 .13

BSI � bronchiectasis severity index
PLR � platelet/lymphocyte ratio
NLR � neutrophl/lymphocyte ratio
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albumin was the marker most strongly (and independently)
associated with non-CF bronchiectasis severity. Thus, the
serum albumin level may serve as a simple and relevant
prognostic biomarker in subjects with non-CF bronchiec-
tasis.
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