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ABSTRACT

RATIONALE: Physical activity, lung function, and grip strength are associated with
exacerbations, hospitalizations, and mortality in people with chronic obstructive pulmonary
disease (COPD). We tested whether baseline inflammatory biomarkers were associated with
longitudinal outcomes of these physiologic measurements.

METHODS:

The COPD Activity: Serotonin Transporter, Cytokines, and Depression (CASCADE) study was
a prospective observational study of individuals with COPD. Fourteen inflammatory biomarkers
were measured at baseline. Participants were followed for 2 years. We analyzed associations
between baseline biomarkers and FEV, physical activity, and grip strength.

We used a hierarchical hypothesis testing procedure to reduce type I error. We used
Pearson correlations to test associations between baseline biomarkers and longitudinal changes
in the outcomes of interest. We used Fisher’s linear discriminant analysis to test if linear
combinations of baseline biomarkers predict rapid FEV; decline. Finally, we used linear mixed
modeling to test associations between baseline biomarkers and outcomes of interest at baseline,
year 1, and year 2; models were adjusted for age, smoking status, baseline biomarkers, and
FEV..

RESULTS: 302 participants (age 67.5 £ 8.5 years, 19.5% female, 28.5% currently smoking)
were included. Baseline biomarkers were not associated with longitudinal changes in grip
strength, physical activity, or rapid FEV; decline. Higher IL-6 and CRP were associated with

lower physical activity at baseline and these relationships persisted at year 1 and year 2.
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CONCLUSION: Baseline inflammatory biomarkers did not predict changes in lung function or

physical activity, but higher inflammatory biomarkers were associated with persistently low

levels of physical activity.
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INTRODUCTION: Chronic obstructive pulmonary disease (COPD) is characterized by fixed

airflow obstruction on spirometry, a history of exposure to noxious stimuli such as cigarette
smoke, and chronic respiratory symptoms.! COPD is associated with chronic lung and systemic
inflammation, and once the inflammatory process is established, it often persists despite smoking
cessation or removal of other inciting factors.? Lung function decline and respiratory symptoms
similarly can progress despite removal of noxious stimuli, and faster lung function decline is also
associated with increased mortality and COPD hospitalizations.>* Despite these well-established
associations, attempts to identify inflammatory biomarkers that predict lung function decline

have been unsuccessful.’

Another important prognostic marker in COPD is physical activity. Reduced physical activity is
common in people with COPD and is associated with faster lung function decline, increased
rates of COPD hospitalizations and rehospitalizations, and higher mortality.> Associations
between systemic inflammation and physical activity among people with COPD are complex. At
least one study found that higher physical activity is associated with higher systemic
inflammation'®, while others have found that decreased physical activity and hand grip strength
are associated with higher systemic inflammation.!!"'* Exercise interventions in COPD have
been shown to decrease systemic inflammation.!> Exercise-physical activity relationships may be
also be influenced by body mass index, malnutrition, and duration between the end of physical

activity and measurement of inflammation. %!

Reducing lung function decline and increasing physical activity are important targets in people

with COPD, but interventions thus far have been only modestly successful. With an objective to
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identify potential etiologic and therapeutic pathways, we tested the hypothesis that higher
systemic inflammation is associated with faster lung function decline and reductions in physical

activity and strength.

METHODS:

A full description of the statistical analysis methods is included in the supplement.

Participants. The COPD Activity: Serotonin Transporter, Cytokines, and Depression
(CASCADE) study (NCT01074515) was an observational study of subjects with COPD to study
the biologic effects and functional consequences of depression in people with COPD.!8-2° Full
inclusion and exclusion criteria have been published previously'®, but briefly, inclusion criterial
were: 1) a diagnosis of COPD based upon post-bronchodilator spirometry [forced expiratory
volumes in 1-second (FEV)/forced vital capacity (FVC) ratio <0.7 and FEV| <80% predicted];
2) greater than 10 pack-years current or past cigarette smoking; 3) no acute exacerbation of
COPD in the last 4 weeks, and 4) ability to speak, read, and write in English. Because
CASCADE was a study of inflammation, those with other conditions that could cause changes in
inflammation were excluded. These conditions included other chronic lung diseases, chronic
inflammatory diseases, uncompensated heart failure, autoimmune disease, lung or metastatic
cancer, and chronic oral prednisone use. Patients who were unable to walk and could not
complete the 6-minute walk test were also excluded. We included all participants with baseline

biomarker measurements in this analysis.

Copyright ©2024
Published online June 5, 2024 https://doi.org/10.15326/jcopdf.2024.0500



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0500

PRE-PROOF PRE-PROOF

Procedures. Institutional review boards at each site approved the study and written informed
consent was obtained from each participant. Spirometry was performed according to American
Thoracic Society standards using an EasyOne spirometry (ndd Medical Technologies Inc), and
post-bronchodilator spirometry was used in this analysis. A six-minute walk test was performed
to determine the total distance walked. Physical activity was measured with a Stepwatch 3
Activity Monitor fastened above the right ankle. Participant were asked to wear this for 7 days
during waking hours. A valid day was defined as having > 600 minutes of monitor wear time.
Grip strength was measured using a hand dynamometer on the dominant hand. The participant
was asked to hold the dynamometer at a 90-degree angle from the body and squeeze the grip
handle as hard as they can. The measurement was repeated 3 times and the best result was used.
Spirometry, physical activity monitoring, and grip strength were performed at baseline and

repeated at the year 1 and year 2 follow-up visits.

A full description of biomarker procedures has been previously published.?’ Plasma biomarkers
included C-reactive protein (CRP) measured using a duoset ELISA (R&D Systems) and
interleukin (IL)-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, interferon, granulocyte
macrophage-colony stimulating factor (GM-CSF), and tumor necrosis factor (TNF-a) measured
on a Luminex multiplex platform. These 12 biomarkers were chosen for CASCADE based on

previous association with COPD and/or depression.?*%*

Statistical analysis. Biomarkers levels were transformed using a log(1+x) transformation. After

transformation, all biomarkers were centered and scaled to mean 0, standard deviation 1.
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The outcomes were: FEV1, total distance walked, average steps total, average minutes active,
average percent time spent inactive, and grip strength. We measured changes in outcomes as the
raw change: (outcomeyearz — outcomenaseline), and as the percent change: (outcomeyear> —

OUtcomebaseline)/ outcomepaseline-

We first implemented an unadjusted analysis for the associations between baseline biomarkers
and patient outcomes. We calculated the Pearson correlation between each baseline biomarker
and change in each outcome (raw and percent change) and tested the null hypothesis that this
correlation is equal to 0. To control the overall false discovery rate (OFDR) across the
biomarkers, we used a hierarchical hypothesis testing procedure to test the significance of the
correlation between each biomarker and each outcome.?* We treated each biomarker as a “set” of
hypotheses in which 12 hypotheses (raw and percent change in six outcomes) were tested. The
null hypotheses were that a given biomarker is not associated with raw or percent change in the
outcomes. By controlling the OFDR, we controlled the expected proportion of biomarker sets
falsely rejected. We report if we can reject any hypotheses within a biomarker set at the
OFDR<0.05 level, and if so, which hypotheses within that set that were rejected and the resulting

Pearson correlations.

We also used an adjusted linear mixed modeling analysis to investigate the relationship between
baseline biomarkers and the outcomes of interest over time (testing associations between
baseline biomarkers and outcomes at baseline, year 1, and year 2 rather than changes in
outcomes). We applied the same hierarchical hypothesis testing framework for each biomarker to

assess significance. We adjusted for baseline biomarker, time, and smoking status at year of
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follow up as fixed effects and adjusted for FEV; in the models for non-FEV outcomes. We
included an interaction between baseline biomarker and time to capture any change over time of
the baseline biomarker’s effect on the outcome and included a random intercept for each subject

to account for subject-specific variation in the observations.

Finally, in addition to testing associations between individual baseline biomarkers and changes
in FEV1, we also tested if linear combinations of baseline biomarkers predict rapid FEV decline
from baseline to year 2 using Fisher’s linear discriminant analysis (LDA). We defined rapid
FEV decline as an average annual drop in in FEV of 40 milliliters or higher. We used the area
under the receiver operating curve (AUROC) under 10-fold cross-validation to evaluate the

predictive performance, and a permutation testing approach to assess significance.

RESULTS

Baseline characteristics for all participants (Total), and for participants stratified by rapid FEV;
decline are shown in Table 1. Baseline levels of inflammation have been previously published.?
Participants had a mean (SD) age of 67.5 (8.5) years, 19.5% were female, and 28.5% were
currently smoking. Mean FEV | percent predicted was 45.0 (15.8) at baseline and 188 (62.3%)
participants were on inhaled corticosteroids. Average annual changes in FEV, average minutes
active, average steps total, 6-minute walk distance, percent time spent inactive, and grip strength

are included in Supplementary Table S1.
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Baseline biomarkers and longitudinal changes in physical activity and grip strength
(Unadjusted). The screening hypothesis was rejected for only 1 biomarker/outcome pair testing
associations between baseline biomarkers and longitudinal changes in activity and grip strength.
Higher IL-6 was associated with greater percent change in average minutes active (Figure 1a),

but after removal of 2 outliers this relationship was attenuated (Figure 1b).

Baseline biomarkers and associations with physical activity and grip strength at baseline,
year 1, and year 2 (Unadjusted and Adjusted). In our linear mixed modeling analysis
(adjusted for smoking, time, baseline biomarker, and FEV), we rejected two hypotheses for IL-6

and four hypotheses for CRP.

In unadjusted and adjusted analyses, higher baseline IL-6 was associated with lower average
minutes active and higher average percent time inactive at baseline and year 1, but results were

attenuated at year 2 (Unadjusted analyses: Figure 2, Adjusted Analyses: Table 2).

In adjusted and adjusted analyses, higher baseline CRP was associated with lower total distance
walked, lower average minutes active, lower average steps total, and higher average percent time

spent inactive at baseline, year 1, and year 2 (Unadjusted analyses: Supplementary Figure 1,

Adjusted analyses: Table 2).

Baseline biomarkers and FEV1. The screening hypotheses were not rejected for absolute or
percentage change in FEV, or for associations between baseline biomarkers and FEV; over time

(at baseline, year 1, and year 2).
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Results from linear discriminant analysis, in which we examined if linear combinations of
baseline biomarkers predicted rapid FEV; decline are shown in Figure 3. The p-value for the
area under the receiver operator curve was 1, implying that the predictive performance was not

significantly better than random guessing.

DISCUSSION

In this analysis of associations between inflammatory biomarkers and lung function, grip
strength, and physical activity we found no strong associations between inflammation and

longitudinal changes in these physiologic outcomes.

Our primary goal was to test associations between baseline biomarkers and longitudinal change
in lung function. Systemic inflammation has been proposed as a driver of lung function decline
in general, smoking related COPD and in other causes for COPD, such as HIV. We found no
association between inflammatory biomarkers and several measures of FEV decline. This is
consistent with prior studies, most notably the Evaluation of COPD Longitudinally to Identify
Predictive Surrogate Endpoints (ECLIPSE) study which tested associations between baseline
biomarkers and longitudinal changes in FEV in 1,793 participants.’ In ECLIPSE, IL-8 and CRP
were associated with baseline FEV1, but not with longitudinal changes in FEV|. Higher levels of
the pneumoprotein club cell secretory protein (CCSP) were associated with slower decline in
FEVi in ECLIPSE, but pneumoproteins were not measured in CASCADE. ECLIPSE analyzed a
total of five inflammatory biomarkers (CRP, IL-6, IL-8, TNF-a, and fibrinogen) and found that

four of these (CRP, IL-6, IL-8, and TNF-a;) were not associated with longitudinal lung function
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decline. We analyzed an additional eight biomarkers not analyzed in ECLIPSE that included IL-
4 and IL-13 which are involved in allergic inflammation, and IL-10, a key anti-inflammatory
mediator.?>?® Our results in this study are also consistent with our prior results analyzing
associations between systemic inflammation and lung function decline in people living with
HIV, where we found that higher inflammatory biomarkers (including IL-6 and CRP) were not
associated with faster lung function decline.?”?® Our data provide further evidence that
inflammatory biomarkers measured in the blood do not predict lung function decline and suggest
that alternative sources for markers of lung function decline such as bronchoalveolar lavage

fluid®® or physiologic/imaging®® measurements should be pursued.

We also tested associations between inflammatory biomarkers and physical activity outcomes.
Like our lung function analysis, we found no associations between baseline inflammatory
biomarkers and longitudinal changes in physical activity or strength. We did find that higher
concentrations of inflammatory biomarkers were associated with lower physical activity at
baseline, and that association persisted over time, with higher systemic inflammation predicting
lower physical activity up to two years later. Prior studies analyzing the randomized effects of
exercise on systemic inflammation found that physical activity leads to decreased systemic
inflammation.'> Physical activity may also be particularly beneficial in people with COPD with
increased systemic inflammation. In a study of 385 participants with COPD, physical activity
was not associated with all-cause mortality among all participants, or in those without elevated
CRP; however, in those with an elevated CRP, each 60 minute increase in physical activity was
associated with a 31% reduction (HR 0.69, 95% CI 0.51 to 0.93) in all-cause mortality over 78

months of follow up.>! These findings suggest that it is important to encourage patients with
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COPD to increase physical activity, and highlights the importance of interventions to improve
physical activity such as pulmonary rehabilitation. Associations between inflammatory
biomarkers and activity may vary around the time of an acute exacerbation of COPD. For
example, among 50 people with COPD experiencing an acute exacerbation, higher CRP was
associated with a greater decrease in 6-minute walk distance at day 3 of the exacerbation.>?> We
did not have biomarker measurements at the time of exacerbation and were not able to test if
higher inflammatory biomarker concentrations at the time of exacerbation led to longitudinal

changes in activity.

Our study has several limitations. Previous studies that found an association between baseline
biomarkers and longitudinal changes in outcomes were much larger, and we were underpowered
to detect small effects that can be seen in biomarker studies. The small sample size also limited
our ability to test associations between biomarkers and clinically important outcomes such as
exacerbations or mortality. Metabolites and biomarkers present in lung samples are not
necessarily found in peripheral blood samples,?” and CASCADE did not collect samples from
other sites such as bronchoalveolar lavage fluid or perform chest imaging and we were unable to
test if these other potentially important markers predicted lung function or physical activity

changes.

Our study also has several strengths. We were able to test associations between baseline
biomarkers and longitudinal changes in a variety of important physiologic outcomes in more
than 300 well characterized participants over a period of two years. We also used a hierarchical

hypothesis testing framework that limited the overall false discovery rate (the rate that
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biomarkers deemed significant are truly null), an important consideration in studies testing

multiple biomarkers.

In conclusion, baseline biomarkers of inflammation were not associated with longitudinal
changes in lung function, physical activity, or grip strength. These data provide further evidence
that systemic inflammation does not drive lung function decline in COPD, and do not support
targeting systemic inflammation for improvement of lung function, physical activity, or strength.
Future studies should investigate non-inflammatory pathways, and alternative samples such as

bronchoalveolar lavage fluid.
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Table 1: Baseline characteristics of participants. Results are presented as mean (standard
deviation) unless otherwise noted.

Characteristic Total Rapid FEV; decline” No rapid FEV; decline”
(n=302) (n=122) (n=131)

Age, years 67.5 (8.46) 67.4 (8.30) 67.3 (8.61)
Female, n (%) 59 (19.5%) 18 (14.8%) 31 (23.7%)
FEV, % predicted 45.0 (15.8) 485 (14.7) 433 (16.6)
BMI 28.1(6.07) 27.6 (5.84) 28.7 (5.81)
Currently smoking, n(%) 86 (28.5%) 40 (32.8%) 26 (19.8%)
Medications

ICS, n (%) 188 (62.3%) 71 (58.2%) 85 (64.9%)

Comorbidities

Heart disease, n (%)

59 (19.5%)

29 (23.8%)

24 (18.3%)

Type 2 diabetes, n (%)

68 (22.5%)

28 (23.0%)

29 (22.1%)

Charlson Comor. Index

0.901 (1.18)

0.885 (1.23)

0.885 (1.12)

6-minute walk total
distance, ft

1090 (371)

1130 (374)

1090 (368)

Average steps total

6000 (3340)

6400 (3440)

5900 (3270)

Average minutes active 260 (104) 274 (102) 256 (107)
% Time spent inactive 70.6 (11.8) 69.1 (11.6) 71.2 (11.8)
Grip strength (kg) 32.3 (9.56) 32.8 (9.24) 32.6 (9.66)

* Rapid FEV decline was defined as an average annual drop in FEV; of 40 mL or higher. Forty-
nine samples were missing two consecutive (baseline and year 1 or year 1 and year 2)

measurements of FEV1.

BMI, body mass index; FEV1, forced expiratory volume in 1-second; ICS, inhaled

corticosteroid.
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Table 2: Linear mixed models of associations between IL-6, CRP, and activity outcomes at
baseline, year 1, and year 2. Year 1 and year 2 effects incorporate results from biomarker*time
interactions to show the changes over time in the effect of the baseline biomarker on the
outcome. Effects show the change in outcome for a 1 SD change in log transformed biomarker

concentration.

Outcome

Baseline effect (95% Cl)

Year 1 effect (95% Cl)

Year 2 effect (95% Cl)

Baseline IL-6

Average minutes active

-24.5 (-36.0 to -13.0)

-16.6 (-28.4 to -4.9)

-7.8 (-19.8 to 4.2)

Percent time inactive

2.7 (1.4 10 4.0)

2.1(0.7 to 3.4)

1.1(-0.2 to 2.5)

Baseline CRP

Average minutes active

-24.6 (-36.1 to - 13.0)

-19.9 (-31.8 to -7.9)

-16.7 (-29.4 to -4.0)

Percent time inactive

3.0 (1.7 to 4.3)

2.8 (1.5 to 4.2)

2.3 (0.9 t0 3.7)

Total distance walked

-64.0 (-102.0 to -25.9)

-67.8 (-107.5 to -28.1)

-83.2 (-125.5 to -40.9)

Total steps

-784 (-1141 to -427)

-676 (-1045 to -307)

576 (-968 to -185)

Models are adjusted for baseline biomarker, smoking status, and FEV; and incorporate
biomarker*time interactions.
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Figure Legends:

Figure 1: Scatterplots of associations between baseline IL-6 [log(1+x) transformed, and centered
and scaled to mean 0, standard deviation 1] and percentage change in average minutes active.
Panel a) includes all participants, and panel b) has two visual outliers removed (IL-6 > 4).
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Figure 2: Scatterplots of associations between baseline IL-6 and average minutes active (first
row) and average percent time spent inactive (second row). Associations between baseline IL-6
and activity outcomes are shown at baseline (first column), year 1 (second column), and year 2
(3" column).
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Figure 3: Scores from linear discriminant analysis to predict rapid FEV1 decline on the full
training data. The scores represent linear combinations of baseline biomarker expression across
the samples. Overlap (dark purple) in the resulting scores illustrates limited capacity for baseline
biomarker expression to predict rapid decline in FEV1 over the course of two years (area under
the receiver operator curve p-value = 1). Rapid FEV decline was defined as an average annual
drop in FEV of 40 milliliters or higher.
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Online Supplement

Full description of Methods
Data Cleaning: The CASCADE data contained measurements of 14 biomarkers, IL-1, IL-2, IL-
4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IFN, GMCSF, TNF, and CRP, measured on 302

individuals at baseline, year 1, and year 2. Biomarkers at each timepoint were transformed

using a log(1+x) transformation. After transformation, all biomarkers were centered and scaled

to mean 0, standard deviation 1.

Statistical Analysis: We sought to identify biomarkers at baseline associated with a change in
seven outcomes: forced expiratory volume in 1-second (FEV»), total distance walked, average
step total, average minutes active, grip strength, and percentage of time spent inactive. We
collectively refer to total distance walked, average step total, average minutes active, grip

strength, and percentage of time spent inactive as our activity outcomes.
We measured change as both a raw difference between baseline and year 2, i.e.,
FEV1year 2 = FEV1paseline:
and as the proportional change from baseline to year 2, i.e.,
(FEVlyear 2 = FEV1a5e1ine )/ FEV 1 pasetine-

We calculated the Pearson correlation between each baseline biomarker and change in each
outcome (raw and percent change) and tested the null hypothesis that this correlation is equal
to 0. To control the overall false discovery rate (OFDR) (Benjamini & Heller, 2008) across the
biomarkers, we used a hierarchical hypothesis testing procedure to test the significance of the
correlation between each biomarker and each outcome, as described in Li & Ghosh (2014). We
treated each biomarker as a “set” of hypotheses in which 14 hypotheses (raw and percent
change in seven outcomes) were tested. By controlling the OFDR, we control the expected
number of biomarker sets falsely rejected. The steps to our hierarchical hypothesis testing

procedure were as follows:
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1. Treat each biomarker as a group or set of null hypotheses. These null hypotheses are
that a given biomarker is not correlated with raw change or percentage change in the
seven outcomes. We index each of the ¢ = 14 hypotheses within a set using j,j =
1,..,14.

Using Procedure 4 defined in (Li & Ghosh, 2014), first test the screening hypothesis for
each biomarker, which is whether each biomarker is significantly associated with any
outcome. To do this test, calculate the p-value for the association between biomarker

i,i =1,...,14 with each of the outcomes. Then obtain the screening p-values, P(o) (i), by
calculating lrzyill ((q +1 —j)p(j)(i)) where p(;)(i) is the p-value corresponding to
<j=q

hypothesis j for biomarker set .

2. Apply the Benjamini-Hochberg FDR correction (Benjamini & Hochberg, 1995) to the
screening p-values, pg)(1), ..., p(0)(14). Let R be the number of rejected screening
hypotheses at the 0.05 level.

3. For biomarker i, define R; = max{1 < j < q:p¢;; (i) < Ra(m(q +1 —j))_l} orR; =0if
the maximum does not exist.

4. Forevery i and j such that p(;(i) < p,) (0, reject the corresponding null hypothesis for

outcome j in biomarker set /.

We report if we can reject any hypotheses within a biomarker set and if so, which hypotheses

within that set that were rejected.

We also tested if baseline biomarkers can predict if an individual experienced a rapid decline in
FEV, from baseline to year 2 using Fisher’s linear discriminant analysis (LDA). We defined rapid
decline in FEV4 as an average drop of 40 milliliters in FEV1 from baseline to year 1 and year 1 to
year 2. We used 10-fold cross validation where we trained the LDA model on 9 out of 10 training
folds and predicted rapid decline in FEV1 on the held-out test fold. We used the area under the
receiver operating curve (AUROC) to evaluate the predictive performance. We used a
permutation testing framework to assess the significance of this AUROC in which we permuted
whether each individual experienced a rapid decline in FEV1 across the sample. We then fit the
LDA model to predict rapid decline in FEV+ on the permuted samples using 10-fold cross

validation. We repeated this 100 times and calculated the permutation p-value as:
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(X2 1¢4uct™ > Auct™e)) + 1
101
Samples were required to have at least two consecutive FEV1 measurements (baseline and

Permutation P — Value =

year 1 and/or year 1 and year 2) to be included in this analysis. Samples missing any baseline

biomarker measurements were not included.

Lastly, we used a linear mixed modeling analysis to investigate the relationship between
baseline biomarkers over time and eight outcomes: FEV4, FEV+-percent-predicted (FEV1pp),
total distance walked, average step total, average minutes active, grip strength, and percentage
of time spent inactive. We considered baseline biomarker, time, and smoking status at each
year of follow-up as fixed effects. We also adjusted for FEV1 in the models for total distance
walked, average step total, average minutes active, grip strength, and percentage of time spent
inactive. We included an interaction between baseline biomarker and time to capture any
change over time of the baseline biomarker’s effect on the outcome. We included a random
intercept, by;, for each subject i to account for subject-specific variation in the observations. The

model for FEV1 and FEV1pp at time t,t = baseline, year 1, year 2 was as follows:

Vit = Bo + B1biomarker;y + B,1(t = year 1) + [31(t = year 2) + $,1(t = year 1) * biomarker;,
+ Bs1(t = year 2) * biomarker;y + Bgsmoking status;s + byy + €;¢

where 1(-) represents an indicator function.

The model for our activity outcomes at time t,t = baseline, year 1, year 2 was as follows:

Vit = Bo + Bibiomarker;y + B,1(t = year 1) + B5(t = year 2) + B,1(t = year 1) * biomarker;,
+ B51(t = year 2) * biomarker;, + Bgsmoking status;; + B,FEV1;; + by + €;¢

We were interested in the significance of the baseline biomarker effect on the outcome. We
applied an analogous hierarchical hypothesis testing framework for each biomarker to assess
significance, where each biomarker was treated as a set. The null hypotheses within each set
were that each baseline biomarker has no effect on the seven outcomes considered in our

analysis.
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Supplementary Table 1: Mean annual changes in outcomes for all participants (Total) and

stratified by rapid FEV, decline.

Characteristic Total Rapid FEV1 No rapid FEV1

(n=302) decline’ decline’
(n=122) (n=131)

FEV4 -32.8 (141) -137 (98.9) 64.5 (98.4)

Average minutes -9.23 (43.0) -14.3 (46.0) -3.84 (38.6)

active

Average steps total -335 (1310) -474 (1540) -172 (1020)

6-minute walk total

distance (ft) -16.1 (164) -52.7 (147) 17.6 (171)

% time spent inactive 1.75 (4.40) 2.34 (4.66) 1.17 (4.00)

Grip strength (kg) -1.25 (3.06) -1.14 (2.57) -1.37 (3.45)

* Rapid FEV+ decline was defined as an average annual drop of 40 mL or higher. Forty-nine samples were missing
two consecutive (baseline and year 1 or year 1 and year 2) measurements of FEV1.
FEV1, forced expiratory volume in 1-second
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Supplementary Figure 1: Scatterplots of associations between baseline CRP and total
distance walked (first row), average minutes active (second row), average steps total
(3" row), and average percent time spent inactive (fourth row). Associations between
baseline CRP and activity outcomes are shown at baseline (first column), year 1
(second column), and year 2 (3™ column).
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