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Background: In the 2014 Global initiative for chronic Obstructive Lung Disease guidelines,
bronchiectasis was for the first time defined as a comorbidity of chronic obstructive pulmonary
disease (COPD), and this change has been retained in the 2015 update, which emphasizes the
influence of bronchiectasis in the natural history of COPD. The present meta-analysis was aimed
at summarizing the impact of bronchiectasis on patients with COPD.

Methods: Databases including Embase, PubMed, and the Cochrane Central Register of
Controlled Trials were searched comprehensively to identify all relevant human clinical
studies published until August 2014. Bronchiectasis was confirmed either by computed
tomography or high-resolution computed tomography. One or more clinicopathological or
demographical characteristics, including age, sex, smoking history, daily sputum produc-
tion, exacerbations, inflammatory biomarkers, lung function, and colonization by potentially
pathogenic microorganisms (PPMs), were compared between COPD patients with and
without bronchiectasis.

Results: Six observational studies with 881 patients were included in the meta-analysis. The
mean prevalence of bronchiectasis in patients with COPD was 54.3%, ranging from 25.6%
to 69%. Coexistence of bronchiectasis and COPD occurred more often in male patients with
longer smoking history. Patients with COPD and comorbid bronchiectasis had greater daily
sputum production, more frequent exacerbation, poorer lung function, higher level of inflam-
matory biomarkers, more chronic colonization by PPMs, and higher rate of Pseudomonas
aeruginosa isolation.

Conclusion: In spite of the heterogeneity between included studies and detectable publication
bias, this meta-analysis demonstrated the impact of bronchiectasis in patients with COPD in all
directions, indicating that coexistence of bronchiectasis should be considered a pathological
phenotype of COPD, which may have a predictive value.
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Introduction

With the increased use of computed tomography (CT) in the assessment of chronic
obstructive pulmonary disease (COPD), the presence of coexisting bronchiectasis is
being identified more frequently. Several studies have revealed a high prevalence of
bronchiectasis in patients with COPD, ranging from 20% to 69%.'* In the 2014 Global
initiative for chronic Obstructive Lung Disease (GOLD) guidelines, bronchiectasis
was for the first time defined as a comorbidity of COPD, and this change has been
retained in the 2015 update,® which emphasizes the influence of bronchiectasis in the
natural history of COPD.®
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There are evidences that bronchiectasis influences the
clinical outcomes of COPD. Studies have shown that patients
with COPD and comorbid bronchiectasis have higher risk
of becoming chronic sputum producers, have more purulent
sputum, have more airway or systemic inflammation, and
have more exacerbations.! 3710

The worse clinical outcomes in patients with COPD and
comorbid bronchiectasis may be associated with chronic
colonization of potentially pathogenic microorganisms
(PPMs). In earlier studies, PPMs were isolated more fre-
quently from the sputum of patients with COPD and comor-
bid bronchiectasis during the stable phase,” as well as during
acute exacerbation.*!°

However, in previous studies, controversial results on
clinical outcomes, such as lung function and exacerbations,
have been reported with relatively small patient populations
(44118 patients).!471%1-17 Hence, the present meta-analysis
was aimed at summarizing the reports on the comorbidity of
bronchiectasis and COPD and further clarifying the impact
of bronchiectasis on patients with COPD.

Methods

The recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) were
followed for conducting and the reporting of this review.'?
All analyses were performed on data of previously published
studies, and thus no ethical approval and patient consent
were required.

Search strategy for identification of

studies

A literature search was performed to identify the clinical
studies that addressed the impact of bronchiectasis in patients
with COPD. Databases including Embase, PubMed, and the
Cochrane Central Register of Controlled Trials were searched
comprehensively to identify all relevant human clinical studies
published until August 2014. The search strategy used was
as follows: ([“pulmonary disease, chronic obstructive”] OR
[“pulmonary” AND “disease” AND “chronic” AND “obstruc-
tive”] OR [“chronic obstructive pulmonary disease”] OR
[“COPD” AND (“bronchiectasis””) AND English [language]).

Study selection

Two investigators independently obtained the full texts of
potentially eligible manuscripts based on their titles and
abstracts. To avoid the double counting of patients recruited
in more than one study, the authors were contacted for inquiry
when necessary.

Inclusion and exclusion criteria

Manuscripts were included in this meta-analysis if they met
the following criteria: 1) According to the GOLD guidelines,
COPD was defined as follows: postbronchodilator ratio of
forced expiratory volume in 1 second/forced vital capacity
(FEV /FVC) of <70% in a patient with a smoking history
of >10 pack-years;° 2) bronchiectasis was confirmed either
by CT or high-resolution CT (HRCT), and patients with
known cause of bronchiectasis were excluded; and 3) one or
more clinicopathological or demographical characteristics,
including age, sex, smoking history, daily sputum produc-
tion, exacerbations, inflammatory biomarkers, lung func-
tion, and colonization by PPMs, were compared between
COPD patients with and without bronchiectasis. Conference
abstracts, case reports, editorials, and narrative reviews were
excluded in this meta-analysis.

Data extraction

Two investigators independently extracted the following data
from the selected studies: the first author’s name and year of
publication; patients’ age, sex, smoking history, daily sputum
production, and exacerbations in previous year; albumin
and C-reactive protein (CRP) levels; postbronchodilator
FEV % predicted and postbronchodilator ratio of FEV /
FVC; and rate of PPM colonization and rate of Pseudomonas
aeruginosa isolation. The quality of included studies was
evaluated according to the Agency for Healthcare Research
and Quality standard."

Statistical analysis

The meta-analysis was conducted using the open source
Review Manager (RevMan) software (Version 5.3.4, available
at the Web site http://ims.cochrane.org/revman/download).

Irrespective of the presence of heterogeneity between
studies, the random-effects model was used to combine
individual effect-size estimates. The relationship between
clinicopathological or demographical profiles, including sex,
daily sputum production, rate of PPM colonization, and rate of
P. aeruginosa isolation, and coexistence of bronchiectasis in
COPD were assessed using the inverse variance method, and
effect estimates were assessed as odds ratio (OR)** and 95%
confidence interval (95% CI). Differences in age, smoking
history, exacerbation in previous year, levels of albumin and
CRP, postbronchodilator FEV % predicted, and postbron-
chodilator ratio of FEV /FVC between COPD patients with
and without bronchiectasis were estimated using the inverse
variance method, and contrasts were expressed in the form
of weighted mean difference (WMD) and 95% CI. For those
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manuscripts without standard deviation (SD), an average SD
was estimated using the methods described by Hozo et al.?!

To test the interstudy heterogeneity, the chi-square
value was calculated for the assumption of homogeneity.
The fixed-effects model was chosen when there was no
heterogeneity, while the random-effects model was chosen
when there was heterogeneity. Publication bias was assessed
using funnel plots.

Results

Search results

Through database search, 742 potentially relevant articles
were identified. After reviewing the abstracts and full texts, 12
manuscripts about bronchiectasis in patients with COPD
were found.#¢11-1721.22 Of those, six studies met the inclusion
criteria, which included patients with COPD and comorbid
bronchiectasis (n=550) and patients with COPD and without
comorbid bronchiectasis (n=331).14711-13 The flow diagram
of the database search is represented in Figure 1.

742 Records
identified
through
database
searching

A 4

742 Records
screened

671 Records
excluded

60 Full-text
articles
excluded, with
reasons

71 Full-text

articles assessed
for eligibility

¥ Data were not compared
11 Studies between bronchiectasis
included in group and nonbronchiectasis
qualitative > group!®15-17
synthesis Only mulilogistic regression
results™
A 4
6 Studies
included in
quantitative
synthesis
(meta-analysis)

Figure | Flow diagram of search strategy and study selection.

The mean prevalence of bronchiectasis in patients with
COPD was 54.3% (range: 25.6%—-69%). HRCT was used
to diagnose bronchiectasis in all studies, except in the study
by Gatheral et al* wherein a part of patients were diagnosed
with bronchiectasis using CT images of 2—-3 mm slice thick-
ness (134 patients out of 406 patients, 33%) or 5—7 mm slice
thickness (106 patients out of 406 patients, 26%). In their
study, the comparative analysis of results of CT images
with different slice thicknesses showed no underdetection of
abnormalities in thicker CT sections; therefore, their analysis
was performed irrespective of the used CT slice thickness.
The characteristics of all included studies are summarized
in Tables 1 and 2. The quality evaluation of included studies
is shown in Table 3.

Demographic characteristics

Patients with COPD and comorbid bronchiectasis were older
than those without bronchiectasis (WMD: 1.8 years; 95% CI:
0.05 to 3.55; P=0.04; Figure 2); although there was a publica-
tion bias detected in the funnel plot (Figure S1). Meta-analysis
of five studies providing sex information showed a higher
prevalence of coexistence of bronchiectasis in male COPD
patients (OR: 1.62; 95% CI: 1.15 to 2.28; P=0.006; Figure 3).
Smoking history in COPD patients with bronchiectasis was
also significantly longer than those without bronchiectasis
(WMD: 4.63 pack-years; 95% CI: 1.61 to 7.65; P=0.003;
Figure 4). Funnel plots of these two parameters showed no
observable publication bias (Figures S2 and S3).

Clinical features

Figures 5 and 6 show that patients with COPD and comor-
bid bronchiectasis exhibited more daily sputum production
(OR: 2.30; 95% CI: 1.66 to 3.19; P<<0.00001; Figure 5) and
more exacerbations (WMD: 1.54 times in the previous year;
95% CI: 0.56 to 2.53; P=0.002; Figure 6) than COPD patients
without bronchiectasis. Publication bias was observed in
exacerbation, but not in daily sputum production (Figures S4
and SS5).

Lung function

COPD patients with bronchiectasis showed a lower FEV /
FVC ratio (WMD: —8.05%; 95% CI: —10.65 to —5.45;
P<0.00001; Figure 7), and airway obstruction was more
severe with a lower postbronchodilator FEV % predicted
in this group of patients (WMD: —11.06; 95% CI: —18.27
to —3.85; P=0.003; Figure 8). However, funnel plots showed
a significant publication bias in the FEV /FVC ratio and
postbronchodilator FEV % predicted (Figures S6 and S7).
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Table | Characteristics of included studies

Publication Time frame of
patients’ recruitment

Study Authors

number year

Severity of COPD

Parameters under study

| Fujimoto 2006 September 2002 to

etal' September 2004

2 Martinez- 2011 January 2004 to

Garcia et al’ December 2006

3 Bafadhel et al' 2011 Not mentioned

4 Martinez- 2013 January 2004 to

Garcia et al'? February 2007

5 Tulek etal'> 2013 January 2010 to

May 2012

[ Gatheral etal* 2014 January 1998 to

September 2008

Moderate, severe

Moderate, severe

Not mentioned

Moderate, severe

Mild, moderate,
severe, very severe

Not mentioned

Sex, age, smoking history, onset of symptoms, BMI,

o, -antitrypsin, eosinophil counts, daily sputum production,
exacerbation rate, hospitalization rate, post-BD FEVI/FVC,
post-BD FEV,, TLC, PaO,, PaCO,, response to [3,-agonist
Sex, age, smoking history, onset of symptoms, daily
sputum production, daily treatments, dyspnea MRC,
exacerbation in previous year, acute antibiotic treatments,
acute oral steroid treatments, fibrinogen, albumin, CRP,
o, -antitrypsin, post-BD FEV /FVC, post-BD FEV , PPM
colonization, Pseudomonas aeruginosa isolates, Haemophilus
influenzae isolates

Sex, age, smoking history, daily sputum production,
sputum total cell count, exacerbation in previous year,
BMI, SGRQ score, CRQ score, VAS score, ICS dosage,
post-BD FEV /FVC, post-BD FEV,

Sex, age, smoking history, onset of symptoms, daily
sputum production, daily treatments, BMI, dyspnea MRC,
exacerbation in previous year, acute antibiotic treatments,
acute oral steroid treatments, all-cause mortality, albumin,
CRP, o, -antitrypsin, post-BD FEV /FVC, post-BD FEV,,
post-BD FVC, PPM colonization, Pseudomonas aeruginosa
isolates, Haemophilus influenzae isolates

Age, smoking history, onset of symptoms, daily sputum
production, exacerbation in previous year, albumin, CRP,
ESR, post-BD FEV,/FVC, post-BD FE, V,, post-BD FVC
Sex, age, onset of symptoms, daily sputum production,
post-BD FEV,/FVC, post-BD FEV , PPM colonization,
Pseudomonas aeruginosa isolates, Haemophilus influenzae
isolates, respiratory admissions per year, nonrespiratory
admissions per year, age at death

Abbreviations: BMI, body mass index; CRP, C-reactive protein; COPD, chronic obstructive pulmonary disease; CRQ, Chronic Respiratory Disease Interviewer-Administered
Questionnaire; ESR, erythrocyte sedimentation rate; ICS, inhaled corticosteroid; MRC, Medical Research Council; post-BD FEV‘/FVC, ratio of postbronchodilation forced
expiratory volume in | second and forced vital capacity; post-BD FEV , postbronchodilation forced expiratory volume in | second; PPM, potentially pathogenic microorganisms;
SGRQ, Saint George’s Research Questionnaire score; TLC, total lung capacity; VAS, visual analog scale.

Inflammatory biomarkers

CRP level was higher in COPD patients with bronchiectasis
compared with those without bronchiectasis (WMD: 6.11;
95% CI: 0.26 to 11.95; P=0.04; Figure 9). However, a
significant publication bias was detectable by funnel plots
(Figure S8). Albumin level was lower in COPD patients
with bronchiectasis compared with those without the same
(WMD: —0.14; 95% CI: —0.23 to —0.06; P=0.001; Figure 10),
and no publication bias was observed (Figure S9).

Microbiological study

COPD patients with bronchiectasis were at increased risk
of having chronic PPM colonization, compared with those
without bronchiectasis (OR: 7.33; 95% CI: 4.61 to 11.67;
P<0.00001; Figure 11). Moreover, P. aeruginosa was more
frequently isolated in COPD patients with bronchiectasis

(OR: 3.5; 95% CI: 1.89 to 6.47; P<<0.0001; Figure 12).
Funnel plots showed no observable publication bias for these
two variables (Figures S10 and S11).

Sensitivity analysis

In the study by Gatheral et al* HRCT was not performed for
each enrolled patient, which might lead to underestimation
of the prevalence of bronchiectasis, although the authors had
confirmed that there was no underdetection of bronchiectasis
in their study. As the study by Gatheral et al* had a signifi-
cant weightage in meta-analysis, a sensitivity analysis was
carried out for five studies excluding the study by Gatheral
et al.* The sensitivity analysis showed that the meta-analysis
results on age, sex, daily sputum production, lung function,
and PPM isolation did not change after excluding the study

by Gatheral et al (Figures S12—S18).
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Table 2 Radiological characteristics of COPD patients in the included studies

Study number CT slice thickness

N (with/without
bronchiectasis)

Diagnostic criteria of bronchiectasis

| I mm collimation at
10 mm intervals

2 I mm collimation at
10 mm intervals

3 I mm collimation at
10 mm intervals

4 I mm collimation at
10 mm intervals

5 I mm collimation at
10 mm intervals

6 I mm or 2.5 mm or 5 mm
or 7 mm collimation at
10 mm intervals

44/39

53/39

33/13

115/86

27126

278/128

Method of Goddard et al®

1) Lack of tapering of bronchi, 2) dilation of
bronchi when the internal diameter was larger
than that of the adjacent pulmonary artery,

3) visualization of the peripheral bronchi
within | cm of the costal pleural surface or
adjacent mediastinal pleural surface

1) Lack of tapering of bronchi, 2) dilation of
bronchi when the internal diameter was larger
than that of the adjacent pulmonary artery,

3) visualization of the peripheral bronchi
within | cm of the costal pleural surface or
adjacent mediastinal pleural surface

1) Lack of tapering of bronchi, 2) dilation of
bronchi when the internal diameter was larger
than that of the adjacent pulmonary artery,

3) visualization of the peripheral bronchi
within | cm of the costal pleural surface or
adjacent mediastinal pleural surface

Bhalla scoring system?*

1) Lack of tapering of bronchi, 2) dilation of
bronchi when the internal diameter was larger
than that of the adjacent pulmonary artery,

3) visualization of the peripheral bronchi
within | cm of the costal pleural surface or
adjacent mediastinal pleural surface

Note: Refer Table | for details of studies.

Abbreviations: COPD, chronic obstructive pulmonary disease; CT, computed tomography.

Table 3 Evaluation of quality of included studies

Agency for Healthcare Research and Quality standard

Study number

for cross-sectional study quality | 2 3 4 5 6
Define the source of information Yes Yes Yes Yes Yes Yes
List inclusion and exclusion criteria for exposed and unexposed Yes Yes Yes Yes Yes Yes
subjects (cases and controls) or refer to previous publications

Indicate time period used for identifying patients Yes Yes No Yes Yes Yes
Indicate whether or not subjects were consecutive if not Yes Yes Yes Yes Yes Yes
population based

Indicate if evaluators of subjective components of study were Yes Yes No No Yes No
masked to other aspects of the status of the participants

Describe any assessments undertaken for quality assurance No Yes No No Yes Yes
purposes

Explain any patient exclusions from analysis Yes Yes Yes Yes Yes Yes
Describe how confounding was assessed and/or controlled Unclear Yes Unclear Yes Yes Unclear
If applicable, explain how missing data were handled in the - - - Yes - -
analysis

Summarize patient response rates and completeness of data Yes Yes Yes Yes Yes Yes
collection

Clarify what follow-up, if any, was expected and the percentage Yes - - Yes - Yes

of patients for which incomplete data or follow-up was obtained

Note: Refer Table | for details of studies.
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Study or subgroup  With bronchiectasis Without bronchiectasis Weight Mean difference  Year Mean difference
Mean SD Total Mean SD  Total IV, random, 95% CI IV, random, 95% CI
Fujimoto et al' 68.4 1.7 44 68.3 1.8 39 30.8% 0.10(-0.66, 0.86) 2006 ——
Bafadhel et al' 69.7 12.8 33 68 132 13 3.8% 1.70 (-6.70, 10.10) 2011 >
Martinez-Garcia et al” 72.6 8.7 53 69.1 9.7 39 12.7% 3.50 (-0.34,7.34) 2011 —
Martinez-Garcia et al’® 71.4 8.5 115 68.8 93 86 19.5% 2.60 (0.09, 5.11) 2013
Tulek et al? 68 7.3 27 68 73 26 12.3% 0.00(-3.93,3.93) 2013 _—
Gatheral et al* 72.6 " 278 69 1 128 20.8% 3.60 (1.30, 5.90) 2014 —_—
Total (95% Cl) 550 331 100%  1.80 (0.05, 3.55) .
Heterogeneity: 72=2.43; y?=12.94, df=5 (P=0.02); I>=61% ! f + {
Test for overall effect: Z=2.02 (P=0.04) -10 -5 0 5 10

Without bronchiectasis With bronchiectasis

Figure 2 Forest plot of mean difference of age in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; SD, standard deviation; COPD, chronic obstructive pulmonary disease; IV, inverse variance.

Study or subgroup  With bronchiectasis Without bronchiectasis Weight Odds ratio Year Odds ratio
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI

Fujimoto et al'' 34 44 25 39 11.9%  1.90 (0.73, 4.98) 2006 R
Martinez-Garcia et al” 52 53 39 39 2.5% 0.44 (0.02, 11.17) 2011 + >
Bafadhel et al' 28 33 8 13 3.4% 3.50(0.81,15.19) 2011 >
Martinez-Garcia et al'® 107 115 75 86 11.8% 1.96 (0.75, 5.11) 2013 o B
Tulek et al™ 0 0 0 0 Not estimable 2013
Gatheral et al* 165 278 64 128 70.4%  1.46 (0.96, 2.22) 2014 —il—
Total (95% Cl) 523 305 100%  1.62(1.15, 2.28) B
Total events 386 21
Heterogeneity: x2=2.17, df=4 (P=0.70); I>=0% f t t t t y

wa - 0.1 0.2 0.5 1 2 5 10
Test for overall effect: Z=2.74 (P=0.006) Without bronchiectasis  With bronchiect

Figure 3 Forest plot of odds ratios of sex in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; M-H, Mantel-Haenszel method.
Study or subgroup  With bronchiectasis Without bronchiectasis Weight Mean difference  Year Mean difference
Mean SD Total Mean SD Total 1V, fixed, 95% CI IV, fixed, 95% CI

Fujimoto et al" 46.6 5.1 39 41.8 10.7 39 65.7% 4.80(1.08,8.52) 2006 ——
Martinez-Garcia et al’ 69.8 401 53 60.6 334 39 4.0% 9.20(-5.85, 24.25) 2011 +
Bafadhel et al' 52 483 33 35 19.6 13 2.4%  17.00 (-2.62, 36.62) 2011 +
Tulek et al'? 34.2 1.5 27 325 18 26 13.6% 1.70 (-6.47,9.87) 2013 —_—
Martinez-Garcia et al'® 62.1 319 115 58.8 25.9 86 14.2% 3.30 (-4.70, 11.30) 2013 _
Gatheral et al* 0 0 0 0 0 0 Not estimable 2014
Total (95% Cl) 267 203 100% 4.63 (1.61, 7.65) g
Heterogeneity: 4?=2.49, df=4 (P=0.65); 1*=0% f t t ;
Test for overall effect: Z=3.01 (P=0.003) -20 -10 0 10 20

Without bronchiectasis With bronchiectasis

Figure 4 Forest plot of mean difference of smoking history (pack-years) in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; IV, inverse variance; SD, standard deviation.

Study or subgroup With bronchiectasis Without bronchiectasis Weight Odds ratio Year Odds ratio
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Fujimoto et al'" 38 44 29 39 9.0%  2.18(0.71, 6.70) 2006 —
Bafadhel et al' 0 0 0 0 Not estimable 2011
Martinez-Garcia et al” 34 53 14 39 12.4% 3.20 (1.35, 7.57) 2011 —_—
Tulek et al'? 27 27 26 26 Not estimable 2013
Martinez-Garcia et al'® 84 115 44 86 29.2% 2.59(1.43,4.67) 2013 ——
Gatheral et al* 225 278 88 128 49.4% 1.93(1.20, 3.11) 2014 ——
Total (95% Cl) 490 292 100%  2.30 (1.66, 3.19) <&
Total events 381 175
Heterogeneity: y2=1.24, df=3 (P=0.74); I’=0% f t y 1
Test for overall effect: Z=5.03 (P<0.00001) 0.01 0.1 1 10 100

Without bronchiectasis  With bronchiectasis

Figure 5 Forest plot of odds ratios of daily sputum production in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; M—H, Mantel-Haenszel method.
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Study or subgroup With bronchiectasis Without bronchiectasis Weight Mean difference  Year Mean difference
Mean SD Total Mean SD Total IV, random, 95% CI IV, random, 95% CI
Fujimoto et al'* 1.36 0.35 44 0.7 0.22 39 21.8% 0.66(0.54,0.78) 2006 =
Bafadhel et al’ 4.6 06 33 3.7 0.9 13 20.5% 0.90 (0.37, 1.43) 2011 -
Martinez-Garcia etal” 4.87 3.82 53 2.36 2.28 39 16.1% 2.51(1.26, 3.76) 2011 —
Martinez-Garcia et al’®  1.88 213 115 1 1.48 86  20.7% 0.88(0.38,1.38) 2013 =
Tulek et al'? 3.3 1.03 27 0.3 0.5 26 20.9% 3.00(2.57,3.43) 2013 -
Gatheral et al* 0 0 0 0 0 0 Not estimable 2014
Total (95% Cl) 272 203 100% 1.54 (0.56, 2.53) <O
Heterogeneity: 72=1.15; ¥?=110.26, df=4 (P<0.00001); />=96% I t t J
Test for overall effect: Z=3.07 (P=0.002) -10 -5 0 5 10

Without bronchiectasis With bronchiectasis

Figure 6 Forest plot of mean difference in exacerbations in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; IV, inverse variance; SD, standard deviation.

Study or subgroup  With bronchiectasis Without bronchiectasis Weight Mean difference Year Mean difference
Mean SD Total Mean SD Total IV, random, 95% CI IV, random, 95% CI

Fujimoto et al'" 43.5 16 44 51.6 1.8 39 22.9% -8.10 (-8.84, -7.36) 2006 -

Martinez-Garcia et al” 45.1 119 53 51.2 101 39 13.7% -6.10(-10.61, —1.59) 2011 _—

Bafadhel et al' 48.4 23 33 59 3 13 21.0% -10.60 (-12.41,-8.79) 2011 —

Martinez-Garcia et al® 50.5 129 115 552 11.8 86 16.6% —4.70 (-8.13,-1.27) 2013 —_—

Tulek et al'? 48.1 10.9 26 64.8 6.2 26 13.0% -16.70 (-21.52,-11.88) 2013 +—=——

Gatheral et al* 53.5 16.7 135 55 16 63 12.9% -1.50 (-6.35, 3.35) 2014 PR E—

Total (95% Cl) 406 266 100%  -8.05 (-10.65, —5.45) -

Heterogeneity: 72=7.57; ¥*=30.84, df=5 (P<0.0001); /?>=84% !

Test for overall effect: Z=6.06 (P<0.00001) -20 -10 0 10 20

With bronchiectasis Without bronchiectasis

Figure 7 Forest plot of mean difference of postbronchodilator FEV /FVC% in COPD patients with and without bronchiectasis.

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in | second; FVC, forced vital capacity; IV,

variance; SD, standard deviation.
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Figure 8 Forest plot of mean difference of postbronchodilator FEV % predicted in COPD patients with and without bronchiectasis.

inverse

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FEVI%, forced expiratory volume in | second; IV, inverse variance; SD, standard

deviation.
Study or subgroup  With bronchiectasis  Without bronchiectasis Weight Mean difference Year Mean difference
Mean SD Total Mean SD Total IV, random, 95% CI IV, random, 95% CI
Fujimoto et al' 0 0 0 0 0 0 Not estimable 2006
Bafadhel et al' 0 0 0 0 0 0 Not estimable 2011
Martinez-Garcia et al” 9.9 455 53 52 409 39 15.0% 4.70(-7.62,17.02) 2011
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Test for overall effect: Z=2.05 (P=0.04) Without bronchiectasis With bronchiectasis

Figure 9 Forest plot of mean difference of CRP in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; |V, inverse variance; SD, standard deviation.
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Mean SD Total Mean SD Total IV, fixed, 95% CI IV, fixed, 95% CI
Fujimoto et al'* 0 0 0 0 0 0 Not estimable 2006
Martinez-Garcia et al” 4.14 039 53 4.31 026 39 42.4%  -0.17 (-0.30,-0.04) 2011
Bafadhel et al' 0 0 0 0 0 0 Not estimable 2011
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With bronchiectasis Without bronchiectasis

Figure 10 Forest plot of mean difference of albumin in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; IV, inverse variance; SD, standard deviation.
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Figure |1 Forest plot of odds ratios of chronic PPM colonization in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; M—-H, Mantel-Haenszel method; PPM, potentially pathogenic microorganisms.

Study or subgroup  With bronchiectasis Without bronchiectasis Weight Odds ratio Year Odds ratio
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Fujimoto et al'' 0 0 0 0 Not estimable 2006
Bafadhel et al' 0 0 0 0 Not estimable 2011
Martinez-Garcia et al” 6 53 1 39 7.4% 4.85(0.56, 42.05) 2011 -
Martinez-Garcia et al'® 15 115 4 86 28.7% 3.08 (0.98, 9.62) 2013 e
Tulek et al'? 0 0 0 0 Not estimable 2013
Gatheral et al* 53 278 8 128 63.9%  3.53(1.63,7.67) 2014 —a—
Total (95% CI) 446 253 100% 3.50 (1.89, 6.47) i
Total events 74 13 f , \ .
Heterogeneity: 4°=0.14, df=2 (P=0.93); I>=0% 0 65 0'2 1 5 2'0

Test for overall effect: Z=4.00 (P<0.0001)

Without bronchiectasis  With bronchiectasis

Figure 12 Forest plot of odds ratios of Pseudomonas aeruginosa isolation in COPD patients with and without bronchiectasis.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; M—H, Mantel-Haenszel method.

Discussion

COPD is an airway disease with a variable clinical course that
is not well predicted based solely on the usual objective tests
such as spirometry.’ Research has been conducted to iden-
tify specific COPD phenotypes. An emerging area of COPD
phenotype research is the use of radiologic imaging to cat-
egorize patients into different phenotypes based on the degree
of emphysema and bronchial wall thickening, a prominent
imaging feature of bronchiectasis."''*-" The “emphysema
hyperinflation phenotype” was relatively well established in
previous studies, defining patients with COPD who present
with dyspnea and intolerance to exercise as the predominat-
ing symptoms, accompanied by signs of hyperinflation.?®
However, the role of bronchiectasis in COPD remains unclear.

In this meta-analysis, we tried to clarify the impact of coexis-
tence of bronchiectasis in patients with COPD.

The present study as well as previous studies showed a
high rate of coexistence of bronchiectasis and COPD, which
could be explained by overlapped pathological mechanisms.
In both bronchiectasis and COPD, neutrophils and T lym-
phocytes are the predominant inflammatory cells;?*3 the
neutrophils release proteases, which cause pulmonary struc-
ture damage, whereas T lymphocytes lead to enlargement of
peribronchial lymph nodes and chronic airway inflammation,
resulting in airflow obstruction.’'** In contrast, only 4% of
COPD patients in the ECLIPSE cohort had bronchiectasis,
which may be secondary to the fact that patients with other
pulmonary conditions were excluded.®
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In the present study, it was shown that coexistence of
bronchiectasis and COPD happened more often in elder
male patients with longer smoking history. This finding is
consistent with the consideration that tobacco exposure is
one of the most important causes of chronic bronchiolitis,
the latter being considered to be the fundamental pathogenic
mechanism of bronchiectasis.** 3¢

The most significant results of the meta-analysis were
the high OR of chronic PPM colonization and P. aeruginosa
isolation (7.33 and 3.59, respectively). However, it should be
noted that “chronic colonization” was replaced by “persistent
infection” in the study by Gatheral et al* this replacement
could lead to the increased rate of chronic PPM colonization
in the present meta-analysis. However, sensitivity analysis
showed no difference after excluding the study by Gatheral
et al.* Previous studies have not confirmed the significant
association between P. aeruginosa and bronchiectasis in
patients with COPD.?” With this meta-analysis of patients
with COPD (n=742), the association of chronic PPM coloni-
zation, as well as P. aeruginosa isolation, with bronchiectasis
in COPD patients has been definitely determined. According
to the hypothesis of Cole,® it is possible that the presence
of PPM and concomitant proteolytic products is responsible
for triggering the mechanism that generates bronchiectasis,
along with the chronic inflammation of the bronchial mucosa
secondary to this phenomenon in some patients with COPD.
Moreover, P. aeruginosa, one of the most important PPMs,
has been isolated from 3% to 20% of patients with COPD and,
more frequently, from patients with severe disease and during
exacerbations.**? P. aeruginosa isolation has been associ-
ated with higher 3-year mortality, more hospital admissions
in the previous year, higher BODE index scores, and more
systemic steroid treatment.”* In the present meta-analysis,
two of the included studies provided information about treat-
ment during exacerbation, which indicated that patients with
COPD needed more acute oral steroid treatments along with
acute antibiotic treatments.”"* Unfortunately, data were not
enough to carry out a meta-analysis about the exacerbation
treatments.

Permanent dilatation of the airways and impairment of
mucociliary clearance may result in bacterial colonization
in patients with bronchiectasis. Chronic airway infection,
in turn, triggers an intense inflammatory response.” Higher
levels of sputum interleukin (IL)-6 and IL-8 were associated
with coexistence of bronchiectasis in COPD.’ Due to the lack
of enough studies, meta-analysis could not be performed on
airway inflammatory cytokines. Thus, we tried to carry out
the meta-analysis of some systemic biomarkers. The results

showed a lower albumin level and a higher CRP level in
patients with COPD and comorbid bronchiectasis, indicating
a higher level of acute phase protein and anti-acute phase
protein.

Bronchiectasis, as a result of the interaction of chronic
PPM colonization and systemic inflammation, leads to dis-
tinctive clinical features, including more sputum production,
frequent exacerbations, and more severe airway obstruction,
as indicated in the present meta-analysis. As Martinez-Garcia
et al”® mentioned in their study, the presence of bronchiecta-
sis in patients with COPD has a greater correlation with the
parameters of patients with COPD with chronic bronchitis
phenotype (thicker bronchial wall, greater daily sputum
production, and a high number of exacerbations) than those
with the emphysematous phenotype.

All the above-mentioned factors may lead to an elevated
mortality in patients with COPD and comorbid bron-
chiectasis. Regrettably, only a few studies described the
mortality data, and they were not enough to conduct a meta-
analysis. The study of Martinez-Garcia et al'* showed a
higher mortality in patients with COPD and comorbid bron-
chiectasis (n=201), with an adjusted hazard ratio of 1.15. The
study of Goeminne et al'® also showed a higher mortality in
patients with bronchiectasis and comorbid COPD.

Recently, Hurst et al** mentioned a new concept named
COPD-bronchiectasis overlap syndrome in their review
article. Considering the high prevalence of coexistence of
bronchiectasis with COPD, as well as its poorer prognosis,
the authors suggested that anatomical airway abnormalities
of bronchiectasis in patients with COPD are best consid-
ered a phenotype of the COPD disease spectrum, and when
managed in these patients, some treatments for bronchiectasis
exacerbation, such as inhaled antibiotics including antip-
seudomonal agents, should be considered, but with a shorter
course.

There are some limitations in our meta-analysis. First,
there were significant biases for several outcomes, including
age, exacerbation, lung function, and CRP level, as shown
in funnel plots. This may be related to the publication bias
and the small number of included studies. The limitation
of search language and outcome bias may also play a role
in these biases. Second, there were detectable interstudy
heterogeneities in the meta-analysis, which were difficult
to avoid as the number of included studies was too small.
Among the six included studies, CT was used instead of
HRCT in one of the studies to assess the patients. Although
there was no underdetection of bronchiectasis, as the authors
declared in their study, HRCT still showed a higher accuracy
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in diagnosing minor and mild bronchiectasis.* Alternatively,
different diagnosis criteria between studies may influence the
results as well. Third, due to lack of data, meta-analyses of
quality of life, treatment, sputum characteristics, blood gas
parameters, and mortality were not performed.

Conclusion

Although with some limitations, this meta-analysis high-
lighted the impact of bronchiectasis in patients with COPD
in all directions. Coexistence of bronchiectasis should be
considered a pathological phenotype of COPD, which may
have a predictive value.
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