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Abstract

Background: Increasing numbers of patients are being diagnosed with bronchiectasis, yet much remains to
be elucidated about this heterogeneous patient population. We sought to determine the relationship between
nutrition and health outcomes in non-cystic fibrosis (non-CF) bronchiectasis, using data from the U.S.
Bronchiectasis Nontuberculous Mycobacterial Research Registry (U.S. BRR).

Methods: This was a retrospective, observational, longitudinal study using 5-year follow-up data from the BRR.
Bronchiectasis was confirmed on computed tomography (CT). We stratified patients into nutrition categories
using body mass index (BMI), and correlated BMI to markers of disease severity.

Results: Overall, n = 496 patients (mean age 64.6+13 years; 83.3% female) were included. At baseline
12.3% (n=61) were underweight (BMI<18.5kg/m?), 63.9% (n=317) had normal weight (BMI=18.5kg/m?
and <25.0kg/m?), 17.3% (n=86) were overweight (BMI=25.0kg/m? and <30.0kg/m?), and 6.5% (n=32) were
obese (BMIZSOkg/mQ). Men were overrepresented in the overweight and obese groups (25.6% and 43.8%
respectively, p<0.0001). Underweight patients had lower lung function (forced expiratory volume in 1 second
[FEV1] % predicted) than the other weight groups (64.5+22, versus 73.5+21, 68.5+20, and 76.5+21 in normal,
overweight, and obese groups respectively, p=0.02). No significant differences were noted between BMI groups
for other markers of disease severity at baseline, including exacerbation frequency or hospitalization rates. No
significant differences were noted in BMI distribution between patients with and without Pseudomonas, non-
tuberculous mycobacteria, or by cause of bronchiectasis. The majority of patients demonstrated stable BMI over
S years.

Conclusions: Although underweight patients with bronchiectasis have lower lung function, lower BMI does not
appear to relate to other markers of disease severity in this patient population.

Abbreviations: non-cystic fibrosis, non-CF; U.S. Bronchiectasis Research Registry, U.S. BRR; computed tomography, CT, body mass index,
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pulmonary disease, COPD; gastroesophageal reflux disease, GERD; Pseudomonas aeruginosa, P. aeruginosa; inflammatory bowel disease,
IBD; forced vital capacity, FVC; Mycobacterium avium complex, MAC; standard deviation, SD; analysis of variance, ANOVA; primary ciliary
dyskinesia, PCD; alpha-1 antitrypsin deficiency, AATD
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Introduction

Bronchiectasis is a clinical syndrome characterized
by chronic cough, usually productive of sputum,
punctuated by recurrent respiratory infections or
exacerbations, and marked by thickened, dilated
airways on computed tomography (CT) scan.!? It
frequently has a significant impact on patients’ quality
of life3> Awareness of the disease has increased
recently, as have incidence and prevalence.®” This is
likely in part due to better radiographic techniques
to recognize and diagnose bronchiectasis as well as
improved surveillance.®1% Recent data suggests that
morepatientsarebeingdiagnosedwithbronchiectasis;
between 340,000 and 520,000 are estimated to have
been diagnosed in the United States alone.!’> One
particular challenge is that the patient population is

very heterogeneous by geographic region, across age
groups, with regards to underlying etiologies, and in
sex predominance.l"?11°13 Asg a result, clinical trials
of novel therapies have proven difficult.>1%1? It is
important, therefore, to characterize sub-populations
(endotypes) of patients with bronchiectasis, thereby
allowing for more effective studies of new treatments
directed at infection, inflammation, and the other
aspects of the disease cycle.?1%20

One way to characterize bronchiectasis is the
Bronchiectasis Severity Index (BSI), which is a
validated tool that incorporates several different
patient features to stratify the disease, and thus
predict future outcomes such as hospitalization
risk and mortality.?! A component of the BSI is
body mass index (BMI). In the BSI derivation and
validation studies, patients with a BMI<18.5kg/
m? had a 31.0%, 4-year mortality rate, which was
significantly different compared to patients who
were of normal, overweight, and obese BMIs (9.1%,
7.0%, and 10.4%, 4-year mortality rates, respectively;
p<0.0001).21 This association between mortality
and low BMI was preserved when covariates were
taken into account, along with prior hospitalizations,
3 or more exacerbations per year, increasing age,
and FEV: % predicted.?! Data from other studies
support the notion that nutrition is important in
determining outcomes in bronchiectasis.?>2° For
example, lower BMI appears to be independently
associated with radiographic progression of
bronchiectasis, as measured by changes in Bhalla
scores over a 5-year follow-up period.?? Malnutrition
(defined as BMI<20kg/m? in one study) was shown
to be associated with decreased survival in patients
with end-stage respiratory disease, including
33 patients with bronchiectasis.?® Studies from
China suggest that a low BMI is associated with
higher mortality, while data from Turkey suggest
that better nutrition is beneficial for survival in
patients with bronchiectasis.?®?® Thus, identifying
patient endotypes using nutrition status might
help with clinical study stratification. Furthermore,
if lower nutrition is indeed associated with worse
outcomes, improving nutritional status of patients
with bronchiectasis might help improve the disease
outlook.

Patient registries are another tool to characterize
disease patterns, treatments, and outcomes in a
larger number of patients than is possible in single
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center studies.!* The U.S. Bronchiectasis and
Nontuberculous Mycobacterial Research Registry
(U.S. BRR) was created in 2008 for that purpose.”>2°
Over 2000 patients were enrolled in the BRR as of
January 2018, and that number continues to grow.
Several studies have been published from the BRR
data already to date.?’?? Such data provide an
opportunity to evaluate nutritional status in a large
number of patients with bronchiectasis from across
the United States, as well as the ability to compare
U.S. patient population data to that published from
other countries, as U.S. patients may have different
dietary and lifestyle characteristics.?21:24.25

Thus, the goal of this study was to evaluate
associations between the nutritional status of the
patients enrolled in the U.S. BRR and other markers
of bronchiectasis severity. We chose BMI as it has
been used to evaluate nutrition in patients with
other chronic respiratory diseases, such as chronic
obstructive pulmonary disease (COPD).2932 It is an
easily obtained and recorded measure for registry
purposes, especially when compared to other
techniques for measuring adiposity such as skin
fold thickness or imaging modalities.21:31:33:3% we
hypothesized that a substantial number of patients
enrolled in the U.S. BRR are underweight by BMI. We
furtherhypothesizedthatpatientswhoareunderweight
have more severe disease (higher frequency of
exacerbations and number of hospitalizations, with
lower lung function) as compared to patients who
were of normal BMI. Finally, we hypothesized
that other factors influence both BMI and disease
severity, specifically age, gender, smoking status,
race/ethnicity, cause of bronchiectasis if known,
infection with nontuberculous mycobacteria (NTM)
and/or Pseudomonas aeruginosa (P. aeruginosa), the
presence or absence of significant gastro-esophageal
reflux disease (GERD), and co-existent asthma or
COPD.9’21’35’36

Methods

This was a retrospective, observational, longitudinal
cohort study using 5-year follow up data from the
BRR. The BRR is a database of adult patients (218
years of age) with physician-established diagnoses
of non-CF bronchiectasis and/or NTM lung disease
from 15 academic medical centers across the United
States. Enrollment of patients was approved by the

institutional review board of each study site and
for the Data Coordinating Center. Registry data are
collected annually from available electronic medical
records using standardized data collection forms.”
Patients from the BRR were included in this study if
they had bronchiectasis confirmed on high resolution
CT and had follow-up visit data available over a 5-year
time period. Patients were excluded if they had cystic
fibrosis, congenital heart disease, inflammatory
bowel disease (IBD), human immunodeficiency virus
(HIV), a diagnosis of NTM without bronchiectasis, or
prior lung transplantation, as we felt these conditions
would make nutritional status difficult to interpret.
Based on the baseline visit BMI data, patients were
divided into 4 conventional nutrition categories as
used by the World Health Organization: underweight
(BMI<18.5kg/m?), normal weight (BMI>18.5kg/m?
and <25.0kg/m?), overweight (BMI=25.0kg/m? and
<30.0kg/m?), and obese (BMI=30.0kg/m?).3" We
evaluated the following markers of bronchiectasis
disease severity: the number of exacerbations
and hospitalizations over the preceding 2 vyears,
pulmonary function tests including forced expiratory
volume in 1 second (FEV1) and forced vital capacity
(FVC) (% predicted), a history of hemoptysis requiring
intervention, and a history of lung resection. Lung
function % predicted values were calculated by each
center and internal consistency was present which
would counter any discrepancies between different
reference equations used at different institutions.
Other disease and patient factors were examined
using baseline data: age, gender, race/ethnicity,
infection with P. aeruginosa and/or NTM, smoking
status, underlying cause of bronchiectasis, and
coexisting diagnoses of GERD, asthma, or COPD.
The majority of these characteristics were obtained
from the baseline visit data collection forms.
Infection with NTM was determined by having either
1 positive sputum culture growing any NTM species
at the baseline visit, or if the patient reported a prior
diagnosis of NTM infection. The data collection
form specifically queried Mycobacterium avium
complex (MAC), Mycobacterium abscessus, and
Mycobacterium kansasii, with the option to write-
in additional species under “other” P. aeruginosa
infection was measured as having 1 or more positive
sputum cultures at baseline.
We then categorized patients by whether their
BMI category at subsequent visits remained stable
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(within the same BMI category), had increased to a
higher category, or had decreased to a lower category
over the 5-year follow-up period. We also evaluated
whether patients had an increase in BMI by >2kg/m?,
a decrease in BMI by >2kg/m?, or a stable BMI over
the 5-year follow-up period.

Statistical Analysis

Descriptive statistics were calculated for the overall
study sample and stratified by the baseline BMI
categories. All results were reported as frequencies
and proportions for categorical variables, and as
means (+ standard deviation [SD]) for continuous
variables. Values of the demographic and clinical
characteristics were compared between the BMI
groups using analysis of variance (ANOVA) for
continuous variables, and Chi-square/Fisher exact
tests for categorical variables. Post-hoc comparison
of adjusted standardized residuals was used to
determine the source of the statistically significant
Chi-square tests for categorical variables. Post-
hoc analyses using Dunn’s tests were used after
statistically significant ANOVAs for continuous
variables.

A negative binomial regression model was fit for
frequency of exacerbations in the past 2 years prior
to enrollment among participants with stable BMI
category over time, adjusted for age, gender, presence
of Pseudomonas and NTM infection.

Multinomial logistic regression model was fit for
the baseline BMI categories adjusted for age, gender,
race, history of smoking, GERD, COPD, asthma,
baseline FEV1% predicted, and NTM. The variable
selection was driven by clinical importance and
significance of the association with the outcome in
the unadjusted analyses.

Missingdataanalysescompared selectdemographic
and clinical characteristics between the participants
who had 5 years of follow-up data and that were
included in the analyses, and those participants with
incomplete data and that were hence excluded from
the analyses. The significance level for all analyses
was set at 0.05. The analyses were performed using
SAS v.9.4 (Cary, North Carolina) and SPSS version 25
(Armonk, New York).

Results

Overall, 2461 patients were enrolled in the U.S. BRR
at the start of the study in January 2018 (Figure 1).
After application of exclusion criteria, this study
included 2307 patients, of whom 615 patients had 5
consecutive follow-up visits. Of these, 497 patients
had bronchiectasis confirmed on high-resolution
CT with either dilated or thickened airways.
After excluding 1 patient without a baseline BMI
measurement, the final study sample included 496
patients. Table 1 displays baseline demographics
of the study population. The majority of patients
(83.3%) were female, and mean age of patients was
65+13 years. White patients comprised 92% of the
patient population, while the second largest race
represented was Asian patients (5.4%, n=27). Only
13 patients (2.6%) identified as black race, and only
12 patients (2.4%) identified as other race (including
multiple races). Very few patients (n=15 in total)
identified as Hispanic ethnicity. At the baseline visit,
the mean BMI was 22.84kg/m? (SD=4.37) across all
496 included patients; 61 (12.3%) were underweight
by BMI, 317 (63.9%) were of normal weight, 86
(17.3%) were overweight, and 32 (6.5%) were obese.
A greater proportion of men were represented in
the overweight and obese groups compared to
underweight and normal BMI categories. The
patients’ age did not significantly differ among BMI
groups. A significantly larger percentage of the small
number of Asian patients were in the underweight
BMI category (16.4% of all underweight patients,
p=0.003). The underweight group of patients had
significantly lower lung function than the other
weight groups (FVC % predicted 68.8%+21.1%,
p<0.0001 and FEV: % predicted 64.5%+22.18%,
p=0.02) (Table 2), however no significant differences
were measured among the different BMI groups with
regards to exacerbation frequency, hospitalizations,
or lung resections.

Other patient characteristics postulated to affect
nutrition and thus disease severity were compared
across BMI categories at baseline, including infection
with NTM and/or P. aeruginosa, underlying cause of
bronchiectasis (including primary ciliary dyskinesia
[PCD], alpha-1 antitrypsin deficiency [AATD],
rheumatological disease, and immunodeficiency),
smoking status, and a diagnosis of GERD, COPD,
and/or asthma. No significant difference existed in
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Figure 1. Inclusion and Exclusion
Criteria of Patients in Study Population

2461 patients
Exclusion criteria: enrolled in registry
= 31 with NTM only at start of study
= 34 with congenital heart
disease P
= 5 with cystic fibrosis
= 57 with IBD ¥y
= 15 with HIV
= 12 with prior lung transplant 2307 patients
1692 patients without 5
consecutive follow up visits
¥

615 patients with 5
consecutive follow
up visits

118 patients with
‘none’/’unknown’/’missing’
data for dilated or thickened

airways on HRCT ) 4

497 patients with
bronchiectasis confirmed on
HRCT
(“dilated” or thickened airways)

1 patient missing baseline BMI |
data

n =496

NTM= nontuberculous Mycobacterial; IBD=inflammatory bowel disease;
HRCT=high-resolution computed tomography; BMI= body mass index

baseline BMI distribution between patients with and
without P. aeruginosa, as well as between patients
with and without NTM (Table 3). Rates of known
causes of bronchiectasis, including PCD (n=14),
AATD (n=10), known rheumatological disease (n=30),
and immunodeficiency (n=24), were not significantly
differentacrossall BMIgroups,althoughnumberswere
relatively small. A significantly higher proportion of
obese patients (75%) carried a diagnosis of GERD as
compared to other BMI categories (p=0.0015) (Table
3). A significantly lower percentage of underweight
patients (11%,) had been diagnosed with asthma
compared to patients in other BMI categories
(p=0.02). A greater proportion of patients carrying
a diagnosis of COPD and those reporting smoking

history were observed as BMI category increased
(although not statistically significant, p=0.06 and
p=0.153 respectively).

Ofthe 496 patients, 406 participantshad BMIfollow-
up data available over the 5-year period. Analysis of
missing data did not reveal significant differences
between patients with missing longitudinal BMI
data compared to those with complete BMI data
(Supplemental Table S1). At the end of the 5-year
period, the majority of patients (n=347, 85.5%) had a
stable BMI category, whereas 5.9% of patients (n=24)
had increased their BMI category, and 8.6% (n=35)
had decreased their BMI category. Evaluation by
absolute change in BMI at the end of the 5-year period
also revealed that most patients (n=347, 85.5%) had
a stable BMI, whereas 5.4% of patients (n=22) had a
BMI that increased by >2kg/m?, and 9.1% of patients
(n=37) had a BMI that decreased by >2kg/m?. Given
these small numbers, further statistical analyses
related to disease outcomes were not performed.

The results of the multivariable regression analyses
showed that when controlling for age, race, baseline
FEV1% predicted, smoking history, and history of
GERD, COPD, and asthma, female patients had 3.19
times the odds to have low BMI compared to male
patients (95% CI:1.87-5.45). Similarly, Asian patients
had 4.78 times the odds for low BMI compared to
white patients (95% CI: 1.69-13.55) adjusting for
age, gender, baseline FEV1% predicted, smoking
history, and history of GERD, COPD, and asthma. The
ordinal logistic regression model showed adequate fit
to the data on the score test for the proportional odds
assumption (X2 (DF=22)=29.79, p=0.12).

The results of the negative binomial regression
did not reveal significant associations between
number of exacerbations in the past 2 years prior to
enrollment and BMI category (p=0.30), age (p=0.24),
gender (p=0.29), or NTM status among the patients
with stable BMI. Significant positive association was
found between number of exacerbations in the past 2
years and presence of P. aeruginosa: IRR=1.51 (95%
CI: 1.11-2.04), p<0.01. The criteria for assessing
goodness of fit showed adequate fit of the model to
the data using deviance (scaled deviance) value/DF
and Pearson Chi-Square (Scaled Pearson) value/DF.
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Table 1. Select Demographic Characteristics of the Study Population,
Overall and by Body Mass Index Categories?

Overall Sample Underweight  Normal Overweight Obese  p-Value
N=496 N=61 N=317 N=86 N=32
(12.30%)  (63.91%) (17.34%) (6.45%)
Age in years Mean (SD) 64.6 (13.3) 65.1 (15.9) 64.7 (13.0) 64.1(12.9) 64.0 (12.8) 0.742
Gender, n (%)
Female 413 (83.3) 55 (90.2) 276 (87.1) 64 (74.4) 18 (56.3)  <.0001
Male 83 (16.7) 6(9.8) 41 (12.9) 22 (25.6) 14 (43.8)
Race, n (%)
White 456 (91.9) 48 (78.7) 300 (94.6) 79 (91.9) 29 (90.6) 0.001
Black 13 (2.6) 1(1.6) 8 (2.9) 2(2.3) 2(6.3) 0.563
Asian 27 (5.4) 10 (16.4) 13 4.1) 4 4.7) - 0.003
Other (including multiple races) 12 (2.4) 2(3.3) 6(1.9) 3 (3.5 1(3.1) 0.041
Hispanic Ethnicity, n (%) 153.2) - 8(2.7) 5(6.2) 2(6.9) 0.142

Data available n=465

%n=496

SD=standard deviation

Discussion

As bronchiectasis has been increasingly diagnosed in
recent years, it has become important to understand
the endotypes within this very heterogeneous
population.>191%20 One approach is to identify
sub-groups of patients of varying nutritional status.
Nutrition has been associated with outcomes in
other pulmonary diseases including cystic fibrosis
as well as COPD.313%38 10w BMI has previously
been linked to increased mortality in patients with
bronchiectasis in Europe, China, and Turkey.?!2%2°
We specifically looked at BMI in the U.S. BRR patient
population to further elucidate the role of nutrition
in bronchiectasis disease severity. Patients were only
included if they had bronchiectasis confirmed on
high resolution CT, as this has been acknowledged as
the gold standard for diagnosis.>***! As nutritional
status may vary over time, we included patients with
at least 5 years of consecutive data available in the
registry; this study surprisingly revealed that the
majority of examined patients maintained a stable
BMI over this period. We recognize that excluding
patients without 5 years of data limited the number
of patients we could include in the study, but we felt it
important to structure the study this way as we were
interested in not just nutritional status at baseline,
but also in nutrition trends; specifically, any change
in nutritional status over time.

We hypothesized that there would be a substantial
number of patients enrolled in the U.S. BRR who
are underweight as measured by BMI. This Lady
Windermere description is often noted as the common
patient phenotype.*? Interestingly and surprisingly,
fewer patients than expected were underweight, and
the majority of patients (63.9%) were of normal BMI
with a mean BMI of 22.84kg/m? (SD=4.37) for the
study population as a whole. This mean BMI was
slightly lower than the mean BMI of the overall BRR
cohort at time of analysis (23.5kg/m?, SD=5.69), but
both means fell within the normal BMI range. The
mean BMI of patients enrolled in the BRR at the time
of the “First Look at the U.S. BRR” study publication
was also similar, at 23.2kg/m? (SD:5.7).9 The BMI
distribution of our study population is still different
from the average U.S. population. In the United
States, about a third of older adults (age=65 years
old) were estimated to be obese by BMI according
to 2007-2010 National Health and Nutrition
Examination Survey data, compared to 6.5% of
patients in our study population (Table 1).43 We also
hypothesized that being underweight by BMI would
be associated with markers of increased disease
severity. Indeed, patients who were underweight did
have lower lung function than normally nourished or
overweight patients, as has been noted before.>* The
association of low BMI and specifically low fat-free
mass in disease severity and mortality in COPD has
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Table 2. Clinical Outcomes and Markers of Disease Severity Measured at
Baseline by Body Mass Index Category

Overall Sample Underweight

N=496

(12.30%)
29 (55.8)

Any pulmonary exacerbations 276 (62.6)
in the past 2 years, n (%)

Data available n=441

Normal  Overweight Obese  p-Value

N=61 N=317 N=86 N=32

(63.91%)
186 (64.4)

(17.34%)
42 (59.2)

(6.45%)
19 (65.5) 0.699

Hospitalizations for pulmonary 85(19.3)
illness or exacerbation in the
past 2 years, n (%)

Data available n=441

13 (25.0)

55 (19.0) 13 (18.3) 4(138) 0.249

Number of pulmonary 1.62 (2.2)
exacerbations in the past 2
years, Mean (SD)

Data available n=415

1.16 (1.4)

1.68 (2.3) 1.742.6) 1.70(2.1) 0.640

Number of hospitalizations in 0.30 (0.8)
the past 2 years, Mean (SD)

Data available n=437

0.37 (0.7)

0.25 (0.6) 044 (1.5) 0.28(0.8) 0.583

Pre-Bronchodilator: FEV1%
predicted, Mean (SD)
Data available n=448

71.87 (21.1)

64.49 (22.2)

73.54 (20.8) 68.54 (20.1) 76.48 (21.3)  0.019

Pre-Bronchodilator: FVC%
predicted, Mean (SD)
Data available n=442

80.79 (18.6)

68.76 (21.1)

83.34 (16.9) 78.82(20.3) 82.03(17.4) <.0001

FEV; (L)/FVC(L), Mean (SD)
Data available n=444

0.68 (0.1)

0.72 (0.1)

0.68 (0.1) 0.66 (0.1)  0.70(0.1) 0.025

SD=standard deviation; FEVi=forced expiratory volume in 1 second; FVC=forced vital capacity

been described in the literature, but the underlying
mechanics have not been fully elucidated.31** Loss
of muscle mass in patients with lower nutritional
status (specifically, fat-free mass index) has been
hypothesized to contribute to worsening of lung
function in patients with COPD; increased metabolic
demand from poor respiratory function has also been
theorized to contribute to low weight and muscle
mass in this patient population.3***%6 Potentially,
these mechanisms are also active in underweight
patients with bronchiectasis.>?

Despite this association of lower BMI with lower
lung function, lower BMI did not appear to be
associated with what are considered the main markers
of disease severity and those that are considered to
affect disease prognosis: hospitalization rates and
frequency of exacerbations. Of note, the frequency
of exacerbations in our subgroup was lower than
the frequency of exacerbations over the preceding

2 years that was reported in the U.S. BRR “First
Look” paper (1.62+2.2, compared with 3.0+2.7).°
We may have not detected an association between
BMI and exacerbations because of low frequency
of exacerbations in this subgroup, or perhaps the
subgroup in this study was somehow different than
the larger group in the U.S. BRR. We discuss some
limitations of the study relevant to this observation
(including possible selection bias) below.

There are few other published data in regards to BMI
and hospitalizations. One study from China (n=339
patients) did show that BMI was an independent
predictor of hospitalization; that is, underweight
patients with bronchiectasis had increased risk
of hospitalization.?* It should be noted that this
was a multi-center study of Chinese patients, with
somewhat different study population characteristics
compared to our current study. For example, there was
a slightly higher percentage of underweight patients
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Table 3. Select Comorbidities and Microbiology Results at Baseline by

Body Mass Index Category

Overall Sample Underweight
N=61

N=496

(12.30%)

Normal  Overweight Obese
N=317 N=86 N=32
(63.91%)  (17.34%)  (6.45%)

p-Value

Pseudomonas aeruginosa,® 124 (35.4) 11 (29.7) 86 (37.6) 20 (32.8) 7 (30.4) 0.732
n (%) Data available n=350

NTM,® n (%) 271 (54.6) 34 (55.7) 180 (56.8) 46 (53.5) 11 (34.4) 0.068
Data available n=496

Ever diagnosed with GERD, 235 (48.5) 24 (40.7) 142 (45.9) 45 (52.9) 24 (75.0) 0.002
n (%) Data available n=485

Ever diagnosed with COPD, 92 (20.0) 8 (14.6) 57 (19.1) 18 (23.4) 9 (30.0) 0.060
n (%) Data available n=460

Ever diagnosed with asthma, 123 (26.6) 6 (10.7) 84 (27.9) 23 (30.3) 10 (33.3) 0.021
n (%) Data available n=463

Current or former smoker, 181 (39.1) 17 (29.8) 115 (38.3) 33 (43.4) 16 (53.3) 0.153
n (%) Data available n=463

Ever diagnosed with AATD, 10 (2.2) 2(3.5) 6 (2.0) - 2(6.7) 0.127
n (%) Data available n=466

Ever diagnosed with primary 24 (5.2 1(1.8) 17 (5.7) 3(3.9) 3(10.0) 0.128
immunodeficiency, n (%)

Data available n=465

Ever diagnosed with 14 (3.0) - 11 (3.6) 339 - 0.361
Kartagener’s

syndrome or PCD, n (%)

Data available n=466

Ever diagnosed with a 30 (6.4) 2(3.5) 19 (6.3) 7 (9.01) 2(6.7) 0.076

rheumatologic disease,” n (%)
Data available n=466

aDefined as one or more positive cultures at baseline

PNTM (+) patients defined as those with either a reported history of pulmonary NTM disease and/or those with one or more NTM

isolates in respiratory specimen cultures at baseline

“Rheumatologic disease including rheumatoid arthritis, Sjogren’s syndrome

NTM=non-tuberculous mycobacteria; GERD=gastro-esophageal reflux disease; COPD=chronic obstructive pulmonary disease;

AATD=alpha-1 antitrypsin deficiency; PCD=primary ciliary dyskinesia

(29%) compared to our study population, as well as a
higher proportion of male patients (42% versus 17%
in our study), with no significant difference in BMI
distribution for male and female patients.

Our study also revealed that Asian race was
significantly associated with a lower BMI when
controlling for other variables. There has been much
debate and controversy over implementing ethnicity-
specific BMI parameters to define being overweight
and obese, specifically in Asian nations where lower
BMIs would be considered overweight or obese
as compared to the classifications used in white
patients.*” One strategy would be to recategorize

Asian patients in our study by ethnicity specific
BMI categories, if known. Overall, patients of Asian
race from our study comprised a small percentage
of our sample size (n=27, or 5.4%). Our initial study
question stemmed from the hypothesis that the U.S.
population may show different trends with relation to
BMI compared to other populations that have been
studied. These results suggest that the Asian patients
with bronchiectasis might be distinctive within the
U.S. population, and may explain why the results from
our predominantly white study population differ from
the results of Qi et al.?%

We also hypothesized that other factors would
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influence BMI. Infections clearly play a role in
bronchiectasis severity and disease course over time,
with several studies showing that chronic infection
with P. aeruginosa has been associated with increased
exacerbation frequency and hospitalizations, and
decreased quality of 1ife3%304®  This study also
confirmed the association of infection with P
aeruginosa and increased exacerbation frequency
in patients with stable BMI. However, despite the
clinical importance of Pseudomonas infection, the
data from this study did not show any relationship
between the presence of Pseudomonas and nutrition
status.

In addition to P. aeruginosa, mycobacterial
infection is a common problem in patients with
bronchiectasis.”*?°®  Studies have shown that
in patients with NTM, having a lower BMI was
associated with increased clinical deterioration and
radiographic progression.®!"®? Our study did not,
however, show any differences in BMI distribution
between patients with and without NTM. That is to
say, the majority of patients fell within the normal BMI
category regardless of NTM status (defined as either
a reported history of pulmonary NTM disease and/
or one or more NTM isolates in respiratory specimen
cultures at baseline, which may not reflect clinically
significant NTM infection). The “First Look at the U.S.
BRR” study reported that patients with bronchiectasis
and NTM had lower BMIs on average compared to
other patients with bronchiectasis without NTM,
although both groups did fall within the normal
BMI range.” Thus, using BMI categorization rather
than absolute BMI number may account for why our
study did not appreciate a statistically significant
difference between patients with NTM and patients
without NTM.

Compared to the stereotype of the tall, thin, female
patient with bronchiectasis, there were more male
patients represented in the overweight and obese
categories. In addition to Asian race, cumulative
odds regression analysis revealed that female sex
was also significantly associated with low BMI when
controlling for other variables.

Asalluded to previously,in addition to looking at the
cross-sectional data, we examined the longitudinal
BMI data from those patients with at least 5 years
of follow-up visits. We postulated that patients with
a decline in BMI (as defined by a change in BMI
category - for example, from normal to underweight;

and separately defined by an absolute change in BMI
by an increase or decrease in >2kg/m?) would have
increased markers of disease severity as compared to
patients whose BMI remained stable, or probably less
commonly, increased. Surprisingly, our data revealed
that, for the majority of patients, BMI remained stable
by absolute BMI number and by BMI category. This
suggests that either patients with bronchiectasis
have a more stable nutritional status that one might
expect, or that a longer period of study and/or larger
sample size may be required to see differences in
nutritional status and disease outcome measures.
The small subset of patients that did have a decline
in weight may represent an important sub-endotype
within bronchiectasis, warranting further evaluation
with larger numbers of patients.

Limitations of the study include the challenge
of incomplete data in the setting of a retrospective
longitudinal study, which limited the sample size.
We attempted to compare patients who had missing
data to those who had complete data, to verify that
there was not a systematic issue of attrition bias,
bearing in mind that limitations of the data collection
methodology means that the exact reason that data
were missing is unknown. As previously noted,
restricting the patient population to only those with at
least 5 years of follow up data rather than all patients
with baseline data did limit the number of patients
we included in the study and may have introduced
selection bias; however, for this initial study we
wanted to evaluate the change in nutritional status
over time. The potential of selection bias remains, as
our subgroup may have differences from the larger
U.S. BRR study population given differences seen in
exacerbation frequency between the 2 groups.’ As
documented deaths were low in this study, we are not
able to draw conclusions regarding mortality, and
our retrospective longitudinal study approach was
not intended to examine this question. As data were
obtained from patients from tertiary institutions,
these results may not be generalizable. While multi-
center studies allow for larger study populations to be
enrolled, the potential for heterogeneity of practices
between institutions Another limitation
which had the potential to influence the findings is
the exclusion of patients with IBD; however, they
comprised a small portion of the registry population
(3%) as a whole and a similarly small number in our
study population.

exists.
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As the bronchiectasis community continues to
learn more about the disease and patient endo/
phenotypes, further elucidation of the mechanism
and pathophysiology of disease outcomes and their
interrelatednessisimportant, especially in the context
of the development of new therapies. BMI is only one
surrogate for describing a patient’s complex state of
nutrition. Itdoesnotaccount forbody shape variations
and composition (such as muscle mass and adipose
tissue distribution).®® The loss of muscle mass, rather
than loss of fat, has been implicated as the driver of
worse outcomes in patients with COPD.3%45:46 Thys,
future studies may need to address other measures to
better define nutritional status and body composition,
such as bioelectrical impedance, dual-energy X-ray
absorptiometry, CT, and magnetic resonance imaging
that can describe fat-free mass.®>3°3 For example,
fat-free mass is one measure which was found to
better correlate with nutritional status in a subset
of patients with bronchiectasis requiring long-term
oxygen.32 C-reactive protein and other markers of
inflammation are also of interest as far as interplay
between nutritional status and disease outcomes
in respiratory illness, including bronchiectasis.?3
These remain important avenues of investigation,
as ultimately, among other therapies, nutritional
interventions might offer opportunities for benefit in
the disease over time.

Future directions for study, which have the
potential to overcome some of the limitations of
this initial registry study, include longer follow-
up intervals, larger sample sizes, and broadening
patient inclusion criteria to incorporate patients with
lung transplantation or other underlying conditions
such as IBD. Additionally, as the U.S. BRR continues
to grow and as, for example, more data on patients
with NTM lung disease become available, it should
prove advantageous to re-examine the role of NTM
infection and nutrition. Ideally, one would like to
evaluate patients who met American Thoracic Society
criteria for NTM requiring treatment. Therapies for
NTM may have a variety of side effects, including
gastrointestinal symptoms which potentially have
an impact on nutritional status.>* Another direction
for future study would be to evaluate rates of
Pseudomonas acquisition from baseline over time
in patients with declining weight compared to those
with stable or increasing weight. Studies using more
advanced methodology to evaluate nutritional status

should be quite informative. Ongoing investigation
of nutrition in European populations, building on the
role of BMI as part of the BSI, and other populations
across the globe may help elucidate suggested
differences in nutritional status by race.

In conclusion, this study shows that the majority
of patients with bronchiectasis in the United States
are of normal BMI. Although underweight patients
with bronchiectasis have lower lung function than
normally nourished or overweight patients, lower
BMI does not appear to relate to other markers of
disease severity in this patient population. Gender
and race seem to independently influence nutritional
status of patients with bronchiectasis. Larger sample
sizes and longer study periods, along with more
refined techniques to measure nutritional status and
body composition, are needed to further evaluate the
role of nutrition in bronchiectasis.
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