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Abstract

Background: Bronchiectasis in individuals with chronic obstructive pulmonary disease (COPD)
is associated with greater mortality. However, whether suspected bronchiectasis, defined as
incidental bronchiectasis on computed tomography (CT) plus clinical manifestation, is associated
with increased mortality in smoking individuals with normal spirometry and preserved ratio
impaired spirometry (PRISm) is unknown.

Objective: To determine the association between suspected bronchiectasis and mortality in
individuals with normal spirometry, PRISm, and obstructive spirometry.

Design: Prospective, observational cohort.
Setting: COPDGene Study.

Participants: 7662 non-Hispanic Black or White individuals, aged 45-80 years, with =10 pack-
years of smoking history. Participants who were former and current smokers were stratified into
normal spirometry (n=3277), PRISm (n=986), and obstructive spirometry (n=3399).

Measurements: CT-identified bronchiectasis was ascertained using artificial intelligence-based
measurements of airway-to-artery ratio >1 (AAR>1), a measure of bronchial dilatation. The
primary outcome of “suspected bronchiectasis” was defined as AAR>1 greater than 1% plus two
of the following: cough, phlegm, dyspnea, and history of =2 exacerbations.

Results: Among the 7662 participants (mean age, 60 years; 52% women), 1352 (17.6%) had
suspected bronchiectasis. During a median follow-up of 11 years, 2095 died (27.3%). 10-yr
mortality risk was higher in participants with suspected bronchiectasis, compared to those without
suspected bronchiectasis (normal spirometry, difference in mortality probability (Pr) 0.15 [95% CI
0.09 to 0.21]; PRISm, Pr 0.07 [CI, —0.003 to 0.15]; obstructive spirometry, Pr 0.06 [CI, 0.03 to
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0.09]). When only CT was used to identify bronchiectasis, the differences were attenuated in the
normal spirometry (Pr, 0.04 [CI, —0.001 to 0.08].

Limitations: Only two racial groups were studied; only one measurement was used to define
bronchiectasis on CT; symptoms of suspected bronchiectasis were nonspecific.

Conclusions: Suspected bronchiectasis was associated with a heightened risk of mortality in
individuals with normal and obstructive spirometry.

Funding: NHLBI

Introduction

Bronchiectasis is a clinical condition characterized by the pathological widening of airways
and repeated infection and inflammation cycles resulting in lung structural damage.(1-3)
The term bronchiectasis is also used to refer to the characteristic radiological appearance

of this clinical condition.(4) In 2009-2013, the prevalence of bronchiectasis in the United
States (US) was 139 cases per 100,000 persons.(5) Bronchiectasis is also a frequent
manifestation of chronic obstructive pulmonary disease (COPD), affecting 4%-72% of these
individuals.(6-9) Individuals with overlapping COPD-bronchiectasis conditions experience
more exacerbations and higher mortality risk than either condition alone.(8, 10-12)

In the US, COPD is mainly caused by exposure to cigarette smoking. Airflow obstruction

is the defining spirometric pattern of the disease.(13) Smoking individuals who do not

meet the spirometric criteria for COPD include those with normal spirometry and those
with a “restrictive” pattern known as “preserved ratio impaired spirometry (PRISm)”, which
has a prevalence of 5%-20% globally.(14, 15) Although these smoking individuals do not
fall into a disease category, they present with substantial structural lung abnormalities,
clinical impairments, and reduced quality of life.(14, 16—18) On computed tomography
(CT), incidental bronchiectasis (i.e., radiologic bronchiectasis in asymptomatic, mildly
symptomatic, or individuals without a physician-diagnosed condition) is found in 12%-30%
of smoking individuals participating in lung cancer screening programs and smoking-
related studies.(19-22) Lung cancer screening participants with more severe bronchiectasis
on CT had increased hospitalizations due to respiratory events. However, whether
incidental bronchiectasis along with clinical manifestations (hereafter termed “suspected”
bronchiectasis) is associated with increased mortality in smoking individuals without a
spirometry-based diagnosis of COPD has not been systematically evaluated.

Prior studies about mortality in the COPD-bronchiectasis overlap were carried out

only in participants with moderate-to-severe lung function impairment, which limits
generalizability, and, moreover, they relied on subjective CT measures of bronchiectasis.

(7, 8) (23) Visual inspection on CT is highly variable, time-consuming, and unable to

assess the entire bronchial tree. Advanced artificial intelligence-based, validated imaging
tools now enable quantifying airway-to-artery ratios (AARSs) throughout the entire bronchial
tree to identify bronchiectasis objectively.(11) In this study, we tested the hypothesis that
“suspected bronchiectasis” is associated with increased all-cause mortality in smoking
individuals with normal spirometry, PRISm, and obstructive spirometry. We based our
hypothesis on prior work demonstrating that airway dilation is associated with inflammation,
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recurrent infections, and pulmonary vascular changes that contribute to worse outcomes,
including mortality.(20, 24-27)

In this secondary analysis, we used data collected by the COPDGene (Genetic Epidemiology
of Chronic Obstructive Pulmonary Disease) Study (NCT00608764)(28), a study of patients
with COPD and non-COPD controls. Participants with COPD included outpatient clinic
patients, patients in registries, previous study participants, and COPD Foundation volunteers.
Participants without COPD included spouses and friends of study participants with COPD
and patients at primary care practices.

The study inclusion criteria for the participants with COPD were 45-80 years of age,
non-Hispanic White or non-Hispanic Black race/ethnicity, and current or former smoker of
>10 pack-years. Participants were excluded if they met any of the following criteria: history
of pulmonary disease except for asthma, previous surgical excision of at least one lung lobe
(or lung volume reduction procedure), active cancer under treatment, suspected lung cancer
(large or highly suspicious lung mass), metal in the chest, exacerbation of COPD treated
with antibiotics or steroids in the last month, recent eye surgery, myocardial infarction, other
cardiac hospitalization, recent chest or abdominal surgery, inability to use albuterol, history
of chest radiation therapy, and first or second-degree relative already enrolled in the study.
Participants in the control group had the same inclusion and exclusion criteria except they
did not have to have a smoking history.

Participants were recruited from local communities across 21 US clinical centers (See
Supplement for a list of centers) from November 2007 to April 2011. Participants with
COPD were recruited using several strategies, including outpatient clinics, word-of-mouth
communication with friends and spouses of patients with COPD, advertisements, and
outreach to community groups and If churches. Participants with a history of smoking

but without COPD were recruited from community groups.(17) All participants completed
questionnaires and underwent spirometry and standardized volumetric chest CT scanning at
baseline, 5 years (phase 1), and 10 years (phase 2).

For our analysis, we excluded those who did not have smoking history, resulting in a sample
7662 remaining participants with complete data on spirometry, AAR, and mortality (Figure
1), including those from three spirometry-based groups: Normal spirometry, PRISm, and
obstructive spirometry (i.e., COPD. The terms obstructive spirometry and COPD are used
interchangeably. See definitions below). All participants provided written informed consent
to participate. The Institutional Review Board at each participating clinical site approved the
protocol.

Mortality and vitality status

Mortality data were corroborated using searches of the Social Security Death Index (SSDI)
and through the Longitudinal Follow-up (LFU) program of COPDGene.(29) The death date
was also verified from other sources, including medical records, published obituaries, and

Ann Intern Med. Author manuscript; available in PMC 2024 April 03.


https://clinicaltrials.gov/ct2/show/NCT00608764

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Diaz et al.

Page 5

next-of-kin reports. Mortality or vitality status obtained via SSDI was back-censored for

3 months from the search date to account for the expected lag between the event and its
appearance in the SSDI record. For participants evaluated through the LFU program, the
dates of the most recent contact, including COPDGene phase 2 and phase 3 dates and dates
of LFU surveys between phase visits, were used to calculate the follow-up time.(30) The
survival time was calculated from the date of the baseline visit to the date of death or
censored at the most recent contact date before or on August 31, 2022, the close-out date of
the all-cause mortality dataset.

Identification of bronchiectasis

We identified suspected bronchiectasis based on a combination of clinical manifestations
reported on questionnaires and chest CT scans acquired at baseline.

CT features consistent with bronchiectasis—Bronchiectasis on CT scans was
ascertained with AARs. The CT protocols of COPDGene have been described in a previous
report.(28) Assessment of AARs comprised the following five steps, with two of them
involving deep learning techniques (3 and 4, below),(11): 1) segmentation of the lungs;

2) three-dimensional (3D) reconstruction of the airway and vessel trees; 3) separation

of pulmonary arteries from pulmonary veins; 4) sizing of the airways and vessels; and

5) pairing of the airways and pulmonary arteries. Airway-and-artery pairs were selected

to compute AARs and determine the percentage of airways with AARs>1 (hereafter,
percentage of AAR>1) obtained from all airway-and-artery pairs with an artery cross-
sectional area =5 mm?, where higher the value greater the extent of airway enlargement

on CT. If a scan yielded 16,000 AARs and 160 were greater than 1, the percentage of
AAR>1 was 1%. In clinical and research settings, a cutoff point of AAR>1 is typically
used to mark a positive bronchiectasis diagnosis.(23) The intra-CT scan (i.e., running the
algorithm 3 times) and inter-kernel (i.e., image reconstruction for CT) intraclass correlation
coefficient for the percentage of AAR>1 was 1.00 and 0.82, respectively. Based on the
distribution of the percentage of AAR>1 in this cohort, the median value was used to define
bronchiectasis (i.e., presence, >1% vs absence, <1%), an approach previously reported.(11)
(See Supplement for additional details). As part of an improvement process, step 2 of the
above algorithm was enhanced by excluding the central airways (i.e., the main bronchi and
lobar bronchi) to decrease mismatching of the airway and nearby arteries that might result in
inaccurate AAR measurements.

Clinical manifestations of bronchiectasis—Information about clinical manifestations
was obtained with standardized questionnaires (available at www.copdgene.org). If a
participant responded “yes” to the questions “Do you usually have a cough (excluding
clearing of throat)?” and “Do you usually bring up phlegm from your chest?”, then the
participant was considered to have cough and phlegm, respectively. Dyspnea was evaluated
with the modified Medical Research Council (MMRC) Scale (range, 0-4) and dichotomized
as 0 vs =1. An exacerbation episode was defined as an increase or new onset of respiratory
symptoms (cough, phlegm, dyspnea) treated with antibiotics or systemic corticosteroids.(1)
The number of episodes the year before enrollment was recorded.
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Definition of suspected bronchiectasis—We combined the following clinical and
imaging criteria to designate that a participant has suspected bronchiectasis: 1) =2 of cough,
phlegm, mMRC dyspnea score =1, and =2 exacerbations in the year before enroliment

(31) and 2) percentage of AAR>1 greater than 1% (11). We defined 4 clinical/imaging
groups: 1) Non-suspected bronchiectasis (no criteria met); 2) Clinical manifestation only
(only met criterium 1); 3) CT manifestation only (only met criterium 2); and 4) Suspected
bronchiectasis (met both criteria).(11) Suspected bronchiectasis definition is not a physician-
based diagnosis, as the COPDGene study did not include patients with a history of this
condition. Additionally, the clinical feature of suppurative disease linked to bronchiectasis
was not assessed in this cohort. We applied the definition to participants with a history

of smoking without COPD because they usually experience symptoms and exacerbation
episodes and have structural lung damage (i.e., emphysema and bronchiectasis on CT) as
those with COPD, as previously demonstrated.(16, 17, 20) (See the Supplement for more
details).

Spirometric measure of lung function was performed before and after administering
bronchodilator albuterol.(32) Forced expiratory volume in one second (FEV1) and forced
vital capacity (FVC) after bronchodilator use was expressed as a percentage of predicted
values.(33) Spirometric groups were defined as follows: normal spirometry, FEV1:FVC ratio
>0.7 and FEV; 280%; PRISm, FEV1:FVC =0.7 and FEV1<80%; and obstructive spirometry,
FEV{:FVC<O0.7. In participants with COPD (i.e., obstructive spirometry), severity was
classified into four grades as per the Global Initiative for Obstructive Lung Disease (GOLD):
1 (mild), FEV1 % predicted =80; 2 (moderate), FEV1 % predicted =50 - <80; 3 (severe)
FEV1 % predicted =30 - <50; and 4 (very severe), FEV1 % predicted <30.(13)

Other covariates

Data on demographics (sex, race, body mass index [BMI]) and clinical information (current
smoking status, pack-years smoked, comorbidities, and oxygen saturation) were collected
with standardized questionnaires and procedures. Participants self-reported their race. (18)
Seven comorbidities were included (hypertension, coronary artery disease, congestive heart
failure, stroke, diabetes mellitus, high cholesterol, and cancer [i.e., lung, colon, breast,
bladder, and prostate cancers]) and collapsed as a count variable termed the number of
comorbidities (see Supplement for more details).(18) Oxygen saturation was taken at rest
with a pulse oximeter.

Statistical methods

The association between suspected bronchiectasis and all-cause mortality was assessed with
Cox proportional hazard regression analysis. Our a priori multivariable model included

12 groupings, each made of a combination of one of four clinical/imaging and one

of three spirometric groups to allow interactions between those groups. The covariates
included age, sex, race, BMI, pack-years, smoking status (current vs. former), the number
of comorbidities, oxygen saturation, FEV after bronchodilator use, CT measures of
emphysema and airway wall thickness, and CT scanner make/model. A robust sandwich

Ann Intern Med. Author manuscript; available in PMC 2024 April 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Diaz et al.

Page 7

estimate of the covariance matrix was applied to handle clustered death events within
clinical centers. The adjusted probabilities of death were calculated with the direct
standardization method.(34) We evaluated proportionality assumptions by visual inspection
and multiplying each covariate by the log transform of the follow-up time. The assumed
proportionality did not present major violations, and the model fit was adequate. Analyses
were performed using the SAS 9.4 (SAS Institute, Cary, NC) software.

Role of the funding source

Results

The funding source had no role in the design, conduct, and analysis of the current study and
in the decision to submit the manuscript for publication.

Participants Characteristics

Of the 10305 COPDGene study participants, 107 had no smoking history and 2536 of
the remaining participants were excluded for missing data, leaving a sample size of 7662
(Figure 1). Characteristics of excluded participants who had a smoking history due to
missing data and the distribution of those lost to follow-up are provided in Supplement
Tables 1 and 2.

Among the 7662 study participants, the median number of AARs per CT was 16285
(interquartile range [IQR], 11940-21396]), yielding a median percentage of AAR>1 of 1%
[IQR, 0-3]. The distribution of AARs across clinical/imaging and spirometry-based groups
is shown in Supplement Figure 1. 1352 (17.6%) and 2893 (37.7%) participants met the
criteria for suspected bronchiectasis and non-suspected bronchiectasis, respectively, and
their characteristics and distribution across the 3 spirometric groups is shown in Table 1
and Supplement Figure 2. 1889 (24.6%) and 1528 (20%) participants met the criteria for
Clinical manifestation only and CT manifestation only and their characteristics are provided
in Supplement Table 3. Among those with suspected bronchiectasis, the median percentage
of AAR>1 was 4% in both the obstructive spirometry GOLD stage 1-2 (mild to moderate
COPD, n = 392) and 3-4 (severe-to-very severe COPD, n = 499).

Association between suspected bronchiectasis and all-cause mortality across spirometry-
based groups

In a median follow-up of 11.0 years (IQR, 6.2-12.4), 2095 (27.3%) participants died.

In adjusted models (Table 2), suspected bronchiectasis vs non-suspected bronchiectasis
was associated with a higher risk of all-cause mortality in all spirometry-based groups
(difference in 10-yr mortality probability (Pr), 0.15, 0.07, and 0.06 for normal, PRISm,
and obstructive groups, respectively). In PRISm, the estimate was similar to the obstructive
group’s, but the confidence interval crossed zero (Table 2 and Figure 2). The mortality
risk estimates were similar when using the seven comorbidities separately in the adjusted
model (Supplemental Table 4). Further analyzing the obstructive (i.e., COPD) group,

the association between suspected bronchiectasis and all-cause mortality was comparable
between mild-to-moderate (GOLD 1-2, Pr 0.29 [95%CIl 0.26 to 0.32]) and severe-to-very
severe COPD (GOLD 3-4, Pr 0.28 [95%CI 0.25 to 0.31])
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Secondary Analysis

We also conducted an analysis using the objective radiologic metric alone. The percentage
of AAR>1 was categorized into quartiles. All-cause mortality increased with increasing
quartiles (Q) of AAR>1 among normal and obstructive spirometric groups; among
participants with PRISm, the mortality trended to rise from Q1 to Q2, but estimates

were similar across Q2-Q4 (Supplement Table 5). Participants meeting the criteria for CT
manifestation only vs those with non-suspected bronchiectasis had a higher risk of all-cause
mortality across the 3 spirometric groups, but the differences were attenuated among those
with normal spirometry and the Cls for the differences were wider and crossed zero in
normal and PRISm groups (Table 2, Supplement Figure 3). The association of Clinical
manifestation only with all-cause mortality is shown in Supplement Table 6 and Supplement
Figure 4. Supplement Figure 5 shows 10-yr adjusted mortality for all 4 clinical/imaging
groups across the 3 spirometric groups.

Discussion

In over 7600 COPDGene participants with a history of smoking followed for over 11

years, we found that suspected bronchiectasis is associated with higher all-cause mortality.
Participants with normal and obstructive spirometry meeting the criteria for suspected
bronchiectasis had an increased risk of all-cause mortality, compared to the non-suspected
bronchiectasis group. In participants with PRISm, the increase in mortality risk was
inconclusive. Additionally, when only objective CT measures of bronchiectasis were used,
compared to the non-bronchiectasis group, the associated risk of mortality was substantially
attenuated and not significant in the normal spirometry group.

This study represents one of the largest systematic evaluations of suspected bronchiectasis
in distinct spirometry-based groups of smoking individuals. Our study provides new insights
into the association of suspected bronchiectasis and mortality by including two understudied
groups of individuals with a history of smoking, those with normal spirometry and

PRISm, and by using objective CT measurements applied to a large, well-characterized
cohort. We found that participants with a history of smoking with normal spirometry
meeting the criteria for suspected bronchiectasis have a 15% higher risk of all-cause
mortality. The prognostic value of suspected bronchiectasis relies on combining the
objective measurements of airway dilation on CT, the AARs>1, with subjective clinical
manifestations; thus, the findings should be interpreted cautiously, as the respiratory
symptoms are not specific to any airway disease. Further, we found no evidence that

in smokers with normal spirometry CT manifestations of bronchiectasis alone (Table 2)
portend an adverse prognosis.

The association between suspected bronchiectasis and higher risk of death can be explained
by several factors: systemic inflammation that is shared by cigarette smoking and the airway
abnormality; vascular changes (such as small pulmonary vessel pruning associated with
bronchiectasis); frequent acute exacerbations; and sputum pathogens (e.g., Pseudomonas
aeruginosa).(20, 25, 35-37) Further studies are needed to understand the relationship
between bronchiectasis, tobacco smoke, and clinical outcomes in smoking populations with
preserved lung function.
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We also find that participants with a history of smoking and with obstructive spirometry
(i.e., COPD) and suspected bronchiectasis have a heightened risk of all-cause mortality.
While these findings confirm prior observations, our studies also advance the investigations
by including the full spectrum of COPD severity, allowing us to perform subgroup
analysis.(8, 10-12, 38) The mortality risk of suspected bronchiectasis is similar in mild-to-
moderate and severe-to-very severe COPD, a novel finding involving mild COPD, the most
common form of the disease.(15) Further insight is that the presence of the radiographic
airway abnormality alone, as objectively measured with AARs>1, is also associated with

a 4% increase in mortality risk compared to those with non-suspected bronchiectasis

(Table 2). Tobacco smoke induces not only inflammation and remodeling of the airways
but also pulmonary vascular changes (e.g., vasoconstriction, vasodilation, pruning, and
remodeling of pulmonary arteries),(6, 20) raising the possibility that AARs also represent
a “bronchovascular” process. Altogether, prior (8, 10-12, 38) and current findings support
lung imaging as a potential tool to evaluate COPD, which can improve patient care because
bronchiectasis is typically ruled in or ruled out with CT images.(31) Further work is needed
to fully understand how the CT measures of AAR change over time and whether any
treatments may halt the structural damage to the airways.

A large study in US adults found that current smoking status and high and low BMI were
associated with PRISm. Compared with individuals with normal spirometry, PRISm has
poorer clinical outcomes.(14) In this study, we found that in PRISm, the adjusted mortality
risks of suspected bronchiectasis and CT manifestation only were not conclusively increased
compared to non-suspected bronchiectasis (Table 2); although the sample size of PRISm was
smaller than the other two spirometric groups, our analysis shows that other factors, such as
the number of comorbidities, current smoking and airway wall thickness (data not shown),
were more likely to explain risk of all-cause mortality than suspected bronchiectasis.

This study has several limitations. One, this is an observational study; hence, conclusions
about the causality between suspected bronchiectasis and death cannot be made. Second, the
COPDGene cohort enrolled only non-Hispanic White and non-Hispanic Black participants,
so the study findings may not be generalizable to all racial and ethnic groups. Third,

the COPDGene study performed volumetric chest CT scans with sub-millimetric slice
thickness allowing the deployment of an algorithm to quantify AARs. Such an imaging
protocol might not be routinely acquired in clinical settings. Fourth, we used only airway
dilation as a radiologic feature in the suspected bronchiectasis definition, which might

have underestimated the burden of airway abnormality on CT. Fifth, despite adjustment

for multiple potential confounders, including the number of comorbidities, there may have
been residual and unmeasured confounding factors (e.g., sputum pathogens) that might have
affected the association of interest. Sixth, missing data for some variables, such as CT
measures of emphysema and airway wall thickness, could have affected the estimates for the
association between suspected bronchiectasis and all-cause mortality.
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Conclusions

Our study reveals that individuals with a history of smoking who have normal spirometry
and COPD meeting the imaging and clinical criteria for suspected bronchiectasis have an
increased risk of all-cause mortality. These findings support including lung imaging as a tool
for clinically defining bronchiectasis and for COPD workup to improve patient care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Baseline COPDGene participants, 10305

Non-smoking participants, 107

Smoking participants, 10198

Participants with missing data, 2536

»| -Spirometry data, 66
-CT unavailable, 296
-CT inadequate quality/technical issue, 1762
-Loss to mortality/vital status follow-up, 412

Smoking participants with complete

spirometry, AAR, and follow-up data, 7662

L

Participants with normal Participants with Participants with obstructive
spirometry, 3277 PRISm, 986 spirometry, 3399
Figure 1.

Flowchart of participants selection and their spirometry-based group distribution.

Abbreviations, PRISm, preserved ratio impaired spirometry.
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Years of follow up

Figure2.
Mortality curve plots by suspected bronchiectasis status across spirometry-based groups.

L eft, participants with a history of smoking and normal spirometry (defined as FEV1/FVC
ratio 0.7 and FEV1 % predicted =80). Middle, participants with a history of smoking and
preserved ratio impaired spirometry (defined as FEV1/FVC >0.7 and FEV, % predicted
<80). Right, participants with a history of smoking and obstructive spirometry (defined

as FEV1/FVC <0.7). Data are from a Cox survival model adjusted for age, sex, race,

body mass index, smoking status, pack-years smoked, the number of comorbidities, FEV,
after bronchodilator use, oxygen saturation, CT measures of emphysema and airway wall
thickness, and CT scanner make/model. Suspected bronchiectasis was defined as >1% of
bronchi with an airway-to-artery ratio >1 on chest computed tomography scans plus =2

of the following: cough, phlegm, dyspnea, and history of >2 exacerbations. Participants
meeting criteria for suspected bronchiectasis (blue lines) have an increased risk of all-cause
mortality compared to those without suspected bronchiectasis (red lines) across the 3
spirometric groups. Horizontal broken lines mark estimated probabilities of 10-yr mortality.
Vertical broken lines mark the 10-yr follow-up.
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Characteristics of participants across spirometry-based groups by suspected bronchiectasis status *

Preserved ratio impaired

Characteristic Normal spirometry spirometry (PRISm) Obstructive spirometry
Non-suspected Suspected Non-suspected Suspected Non-suspected Suspected
bronchiectasis bronchiectasis bronchiectasis bronchiectasis bronchiectasis bronchiectasis
(n=1598) (n=296) (n=399) (n=165) (n=896) (n=891)

Age, yr. 57+8 56+8 59+8 56+8 64+8 63+9

Women, n (%) 945 (59) 118 (40) 256 (64) 75 (45) 539 (60) 303 (34)

Men, n (%) 653 (41) 178 (60) 143 (36) 90 (55) 357 (40) 588 (66)

Non-Hispanic

Black, n (%) 526 (33) 172 (58) 117 (29) 98 (59) 155 (17) 234 (26)

Non-Hispanic

White, n (%) 1072 (67) 124 (42) 282 (71) 67 (41) 741 (83) 657 (74)

BMI 28.6 £5.5 305+6.7 30.5+6.0 35.9+8.0 27.7+56 29.1+6.9

Current Smoking

Status, n (%) 792 (50) 218 (74) 206 (52) 122 (74) 325 (36) 338 (38)

Former Smoking

Status, n (%) 806 (50) 78 (26) 193 (48) 43 (26) 571 (64) 553 (62)

Pack-Years

Smoked 35.9+20.0 39.8+22.1 41.62 £22.3 48.1+32.1 4724235 55.9+30.7

Cough, n (%) 144 (9) 246 (83) 16 (4) 128 (78) 59 (7) 638 (72)

Phlegm, n (%) 128 (8) 232 (78) 28 (7) 112 (68) 72 (8) 699 (78)

mMRC dyspnea

score =1, n (%) 334 (21) 237 (80) 139 (35) 153 (93) 406 (46) 831 (93)

>2 Exacerbations
the year before
enrollment, n (%) | 4 (0.3) 31 (10) 1(0.3) 31(19) 9(1) 292 (33)
Comorbidities, n
(%)
Hypertension, n

(%) 645 (40) 145 (49) 211 (53) 115 (70) 484 (54) 563 (63)
Coronary Artery

Disease, n (%) 108 (7) 34 (11) 48 (12) 38(23) 101 (11) 183 (21)
Congestive

Heart Failure, n

(%) 17 (1) 6(2) 9(2) 18 (11) 20 (2) 64 (7)
Stroke, n (%) 21 (1) 5(2) 9(2) 9 (5) 24 (3) 37 (4)
Diabetes, n (%) 170 (11) 57 (19) 72 (18) 59 (36) 87 (10) 149 (17)
High

Cholesterol, n (%) | 630 (39) 106 (36) 201 (50) 76 (46) 443 (49) 443 (50)
Cancer, n (%) 80 (5) 15 (5) 25 (6) 11(7) 85(9) 111 (12)
Mean number of

comorbidities 11+11 12+13 14+£13 20£15 14+12 1714

FEV1, L 28+0.6 29107 20+0.5 20+0.6 1.8+0.7 14+07

FEV1 %

predicted 96.9+11.2 97.4+11.8 720+7.0 66.5+ 11 66.9+21.1 47.6£20.2

FVC, L 35+0.8 3.7x10 27%0.6 26+0.8 31+10 29+10
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Preserved ratio impaired

Characteristic Normal spirometry spirometry (PRISm) Obstructive spirometry
Non-suspected Suspected Non-suspected Suspected Non-suspected Suspected
bronchiectasis bronchiectasis bronchiectasis bronchiectasis bronchiectasis bronchiectasis
(n=1598) (n=296) (n=399) (n=165) (n=896) (n=891)

FVC % predicted 96.1+11.6 96.0 £12.6 73179 68.4+11.3 88.0+£19.1 74.6 £19.0

FEV1/FVC Ratio | 0.79 £0.05 0.80 £ 0.06 0.76 £ 0.05 0.76 £ 0.05 0.57£0.12 0.48 £0.13

Oxygen

Saturation at rest,

% 97.1+18 96.9+2.9 96.6 +£2.2 96.1+2.6 95.8+2.9 94.4+37

Emphysema on

CT, % 18+24 20+238 13+25 19+31 8.6 £10.3 15.2+134

Airway wall

thickness, mm 2.04+£0.41 2.02+0.55 2.37+£0.46 2.69+0.74 2.41+0.47 2.90 £ 0.65

AAR>1, % 0.0 [0.0-0.0] 45[3.0-7.0] 0.0 [0.0-0.0] 4.0[3.0-6.0] 0.0[0.0-1.0] 4.0[3.0-7.0]

Abbreviations: BMI, body mass index; mMMRC, modified Medical Research Council; FEV1, forced expiratory volume in one second; FVC, forced
vital capacity; CT, computed tomography; AAR, airway to artery ratio.

*
Data are presented as mean + standard deviation and frequency (percentages) for continuous and categorical variables, except for AAR>1, which

is presented as median [interquartile range]

fRace and ethnic group were reported by the participant. Only non-Hispanic White and non-Hispanic Black participants were included.

'tEmphysema on CT was measured as the percentage of voxels <-950 Hounsfield Units.

§Airvvay wall thickness was measured on CT as the square root of the wall area of an ideal 10-mm-inner-perimeter airway

The number of participants with missing data for the overall cohort: pack-years of smoking, 2; mMMRC scale, 10; hypertension, 1; stroke, 2; oxygen
saturation at rest, 3; CT measures of emphysema and airway wall thickness, 309.
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Association of suspected bronchiectasis and CT manifestation only with 10-yr all-cause mortality across
spirometry-based groups.*

Spirometry- | Non-suspected CT manifestation only Suspected bronchiectasis Differencein adjusted all-cause
based bronchiectasis mortality
group
10-yr 10-yr 10-yr CT Suspected
cumulative cumulative cumulative | manifestation | bronchiectasis
N;?Eiera?]ft s adjusted N;rr{;zera?]ft s adjusted N:rrngler azft s adjusted only vs Non- vsNon-
p P all-cause p P all-cause P p all-cause suspected suspected
mor tality mortality mortality bronchiectasis | bronchiectasis
who total probability | who total probability | who total probability | probability probability
died (95% ClI) died (95% ClI) died (95% ClI) (95% ClI) (95% ClI)
Normal 0.20 (0.18 0.25(0.21 0.35(0.29 0.04 (-0.001 0.15 (0.09 to
spirometry | 176 | 1598 | 15 0.03) 107 [ 731 | t5°0.08) 68 1 2% | {5041 0 0.08) 0.21)
0.23(0.19 0.30(0.23 0.30 (0.23 0.07 (-0.01to | 0.07 (-0.003
PRISm 76139 | 5027 4l 1 149 | 450.36) 511185 | 450.37) 0.15) 0 0.15)
Obstructive 0.20 (0.18 0.24 (0.22 0.26 (0.24 0.04 (0.01to 0.06 (0.03 to
spirometry | 2% | 8% | t0022) 291 [ 648 | 170.26) 486 | 891 [ 450.28) 0.07) 0.09)

*

Estimates represent 10-yr adjusted cumulative probability of all-cause mortality from a Cox model that included a variable combining 4 clinical/
imaging groups and 3 spirometry-based groups as main exposure. Clinical/imaging groups: 1) non-suspected bronchiectasis (ref); 2) Clinical
manifestation only; 3) CT manifestation only; and 4) Suspected bronchiectasis. Spirometry-based groups: normal, PRISm, obstructive). Covariates
included age (continuous), sex (women (ref) vs men), race (Black (ref) vs White), BMI (continuous), current smoking status (former (ref) vs
current), pack-years of smoking (continuous), oxygen saturation (continuous), the number of comorbidities (continuous), FEV1 (continuous),

CT measures of emphysema (continuous) and airway wall thickness (continuous), and CT scanner make/model (5 groups). Clinical center was
included in the “ID” statement and the option “covs (aggregate)” was specified in the proc PHREG statement to obtain the robust sandwich
estimates of the covariance matrix. Adjusted probabilities were calculated using the direct standardization method (baseline variables and “dirad;j”
statements of the PHREG procedure of SAS). See the main text for additional statistical details.
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