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Novel Respiratory Disability Score Predicts COPD
Exacerbations and Mortality in the SPIROMICS Cohort
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Rationale: Some COPD patients develop extreme breathlessness, decreased exercise capa-
city and poor health status yet respiratory disability is poorly characterized as a distinct
phenotype.

Objective: To define respiratory disability in COPD based on available functional measures
and to determine associations with risk for exacerbations and death.

Methods: We analyzed baseline data from a multi-center observational study (SPIROMICS).
This analysis includes 2332 participants (472 with severe COPD, 991 with mild/moderate
COPD, 726 smokers without airflow obstruction and 143 non-smoking controls).
Measurements: We defined respiratory disability by >4 of 7 criteria: mMRC dyspnea scale
>3; Veterans Specific Activity Questionnaire <5; 6-minute walking distance <250 m; St
George’s Respiratory Questionnaire activity domain >60; COPD Assessment Test >20;
fatigue (FACIT-F Trial Outcome Index) <50; SF-12 <20.

Results: Using these criteria, respiratory disability was identified in 315 (13.5%) partici-
pants (52.1% female). Frequencies were severe COPD 34.5%; mild-moderate COPD 11.2%;
smokers without obstruction 5.2% and never-smokers 2.1%. Compared with others, partici-
pants with disability had more emphysema (13.2 vs. 6.6%) and air-trapping (37.0 vs. 21.6%)
on HRCT (P<0.0001). Using principal components analysis to derive a disability score, two
factors explained 71% of variance, and a cut point —1.0 reliably identified disability. This
disability score independently predicted future exacerbations (8=0.34; CI 0.12, 0.64;
P=0.003) and death (HR 2.97; CI 1.54, 5.75; P=0.001). Thus, participants with disability
by this criterion had almost three times greater mortality compared to those without
disability.

Conclusion: Our novel SPIROMICS respiratory disability score in COPD was associated
with worse airflow obstruction as well as airway wall thickening, lung parenchymal destruc-
tion and certain inflammatory biomarkers. The disability score also proved to be an inde-
pendent predictor of future exacerbations and death. These findings validate disability as an
important phenotype in the spectrum of COPD.

Keywords: disability, frailty, exacerbation rate, mortality, SPIROMICS

Introduction

Activity levels and exercise capacity decline with worsening chronic obstructive pul-
monary disease (COPD) and these features must therefore be thought of as important
aspects of disease progression.' Furthermore, certain patients with COPD develop
respiratory disability with extreme breathlessness, decreased exercise capacity and
poor health status. Maintenance of physical activity and exercise capacity is correlated
with survival in COPD just as it is in patients with hypertension, diabetes and in the
general population.” Therefore, identification of respiratory disability as a phenotype of
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COPD should have important clinical consequences and could
perhaps focus on specific treatment strategies.

Respiratory disability, however, is a multidimensional
construct. Previous investigators have developed composite
indices to address the broad components of the pathophysiol-
ogy of COPD. Foremost among these is the BODE index,
first described by Celli et al in 2004, and subsequently
modified.*®* BODE measures body mass index (BMI), air-
flow obstruction by percentage of reference forced expiratory
volume in one second (FEV;), dyspnea by the modified
Medical Research Council scale (mMRC) and exercise per-
formance by 6-minute walking distance (6oMWD). Each of
these measures has its strengths and weaknesses. mMRC is
simple and easy to use but BMI is not an accurate reflection
of body composition, FEV; poorly correlates with clinical
manifestations of COPD and 6MWD has serious limitations
in individual patients. We sought to develop a broader multi-
dimensional instrument that would take into account multiple
symptoms, including fatigue, self-reported aerobic capacity,
a prognostic indicator in cardiovascular disease, and general
health status (quality of life). We were able to explore the
value of adding these components using data from
SPIROMICS (SubPopulations and InteRmediate Outcome
Measures In COPD Study), an ongoing, multi-center, obser-
vational cohort study in COPD.

SPIROMICS was designed to identify subpopulations
(phenotypes) of COPD most likely to benefit from specific
therapeutic strategies. One such subpopulation, already
identified, is current or former smokers with symptoms
by COPD Assessment Test (CAT) score >10 and normal
spirometry with ratio of FEV, to forced vital capacity
(FEV/FVC=70%). These patients with early COPD have
airway wall thickening on high-resolution chest CT
(HRCT) and respiratory exacerbations.” Our aim in this
study was to focus on the more severe end of the COPD
spectrum and to develop a composite definition of disabil-
ity using available measures of dyspnea, exercise capacity,
fatigue and health status. The SPIROMICS study lends
itself to this investigation having over 2000 richly char-
acterized participants with varying spirometric stages of
COPD as well as non-smoking controls.

Methods

Study Design and Participants

SPIROMICS recruited participants into four strata: severe
COPD, mild/moderate COPD, smokers without airflow
obstruction and non-smoking controls. Details of the

protocol and data collection have been published
elsewhere.® Not all SPIROMICS subjects could be included
in this analysis because of missing data and those who were
not included are shown in Supplementary Figure S1. The

study population few used consists of 2332 participants: 143
never-smokers, 726 smokers with normal spirometry (FEV,
/FVC >70%); formerly Global Initiative on Obstructive Lung
Disease (GOLD) Stage 0, 329 with mild COPD (GOLD 1),
662 with moderate COPD (GOLD 2), 349 with severe COPD
(GOLD 3) and 123 with very severe COPD (GOLD 4). We
utilized clinical characteristics from baseline visits to
develop a disability score and examined whether this was
predictive of future exacerbations and death. This investiga-
tion was approved by the Institutional Review Boards of each
SPIROMICS study site and all participants provided written
informed consent. This study was conducted in accordance
with the Declaration of Helsinki.

Definition of Disability

We selected seven variables from the SPIROMICS database
that related to physical functioning (Supplementary Table S1).
The mMRC and Veterans Specific Activity Questionnaire
(VSAQ)’ were used as self-reported measures of exercise

performance; 6MWD was used to represent functional exer-
cise capacity and the activity domain of the St George’s
Respiratory Questionnaire (SGRQa) was used to assess the
impact on health status. We also measured CAT, fatigue by the
Functional Assessment of Chronic Illness Therapy Fatigue
Scale (FACIT-F) and general health status by the Medical
Outcomes Study Short Form-12 (SF-12). We carefully
reviewed the literature to identify minimum clinically impor-
tant differences and clinically meaningful cut points in each of
these measures that we considered would be representative of
disability. References to support these choices are included in
Supplementary Table S1.

We then defined disability as having at least four of the
following phenotypic characteristics: mMRC >3, VSAQ
<5, 6MWD <250 m, SGRQa >60, CAT >20, FACIT-F
<50 and SF-12 >20. This approach led to a dichotomized
definition of disability which was used to explore the pre-
valence of disability within different SPIROMICS groups
such as patients with severe and very severe COPD, those
with mild and moderate COPD, smokers without airflow
obstruction (FEV/FVC >70%) and normal controls.

Statistical Analysis
We present descriptive statistics by presence or absence of
respiratory disability and tested for differences between
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means of continuous variables using #-tests and between
categorical variables using chi-squared tests. Detailed
comparisons are shown in Supplementary Tables S2—S4.

As an alternative way of exploring respiratory disability,
the seven variables used to identify disability were entered
into a principal components analysis (PCA) seeking a linear
combination of the variables that might perform better than
a simple count. Using this approach, PCA simplifies the
description of a set of interrelated variables. There is no
dependent variable and variables are not eliminated from
the model but instead summary variables, i.e. principal com-
ponents are computed from all of the original variables.
Typically, the first principal component explains the largest
percentage of the total variance than the remaining compo-
nents. The first principal component can therefore be viewed
as a weighted average of most of the items. In further ana-
lyses, we used both a continuous version of the first principal
component, which we have called respiratory disability
score, and a dichotomized version of this score, split at the
value —1.0 to separate disability from non-disability.

We explored associations between disability and other
variables in the SPIROMICS baseline dataset including self-
reported chronic bronchitis, history of gastroesophageal
reflux (GERD) and depression identified using the Hospital
Anxiety and Depression Scale (HADS). Percentage emphy-
sema was determined on HRCT as the percentage of voxels
with HU<-950'° and airway wall thickness was determined
by calculating the square root of the wall area for
a “theoretical airway” with an internal perimeter of 10 mm
(Pi10). This was done for both whole lung (total Pi10) and
five standardized paths (average Pil0)."" Finally, we evalu-
ated an array of inflammatory biomarkers in patients with
disability. These included WBC, CRP, fibrinogen,
SERPINAI, IL-8, IL-6, SRAGE and GDF-15 (see Table 1
for an explanation of these abbreviations). We did this for
each of the spirometric stages of COPD as defined by
GOLD."”

To investigate associations between respiratory disability
and outcomes, we used zero-inflated Poisson regression
models using annual rate of exacerbations during follow-up
as the outcome. The base model adjusted for age, race, sex,
GOLD spirometric stage and exacerbation history in the year
prior to baseline. We considered additional models adjusting
for current smoking, chronic bronchitis, GERD, percentage
of predicted FEV, emphysema (as a continuous variable),
anxiety and depression. We used proportional hazards regres-
sion models to investigate the association of disability with
survival, adjusting for age, race, sex, exacerbation history in

the year prior to baseline, chronic bronchitis, current smok-
ing status, history of GERD, and HADS score.'> We also
compared the predictive value of our respiratory disability
score with the previously described composite BODE index.”

Results
Within the SPIROMICS cohort, we identified 315 (13.5%)
of all participants as having respiratory disability as
defined by the presence of at least four of our seven
criterion variables and, of these, approximately half
(52%) were women. The baseline data characterizing dis-
abled versus non-disabled subjects for the whole group are
presented in Table 1. Twelve percent of men had disability
compared with 15% of women (P=0.04). Disability was
identified in 59% of SPIROMICS subjects with very
severe COPD, 26% of subjects with severe COPD, 13%
of subjects with moderate COPD, 7% of subjects with
mild COPD, 5% of smokers without COPD and 2% of
normal subjects. The 2% of normal subjects with disability
had an average body mass index of 30 kg/m?. Compared
with the remaining 2017 patients in the SPIROMICS
cohort, subjects with disability were slightly younger,
had lower FEV,, lower FEV % predicted, more emphy-
sema on chest CT (%lung <-950 HU at total lung capa-
city), more air trapping on CT (%lung <-856 HU at
residual volume), slightly greater airway wall thickness
for the whole lung (total Pil10), and averaged for a set of
standardized airway paths (average Pil0). Subjects with
respiratory disability also had higher WBC, CRP, and
fibrinogen but lower sRAGE.

Next, we compared the characteristics of disabled to non-
disabled subjects in each of the SPIROMICS groups
(Supplemental Tables S2—-S4). The presence of four or more

phenotypic characteristics of disability was associated with
thickness
(P=0.021), smokers with normal spirometry (P=0.015) and
patients with mild-to-moderate COPD (P<0.001). Disabled
subjects who were never smokers or current or former smo-

increasing airway wall in normal subjects

kers without airflow obstruction on spirometry were slightly
younger (55.7 v 60.0 years; P=0.006), more often women
(71%), had lower FEV; (2.5 v 2.8 L; P=0.011), lower FEV,
% (91.8 v 97.5%; P<0.006), greater average Pil0 (3.73 v -
3.71 mm; P<0.036) and higher WBC (7.5 v 6.6/mcl;
P=0.004). Disabled subjects with mild or moderate COPD
were also younger (60.1 v 66.2 years; P<(0.001), more often
women (58%), had higher BMI (28.9 v 27.6 kg/m?; P=0.050),
lower FEV; (1.9 v 2.2 L; P<0.001), lower FEV,% (68.2
v 75.0%; P<0.001) and greater Pil0 (3.75 v 3.72 mmy;
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Table | Clinical Characteristics of Subjects with and without
Respiratory Disability*

With Without P value
Disability Disability
(n=315) (n=2017)
Age (years) 60.7 (8.3) 63.6 (9.2) <0.001
Sex (n, % within category) 0.04*
Men 151 (48%) 1091 (54%)
Women 164 (52%) 926 (46%)
Race (n, % within category) 0.02*
White 227 (72%) 1572 (77%)
Non-white 88 (28%) 445 (23%)
BMI (kg/m?) 28.0 (6.2) 28.0 (5.1) 0.89
FEV, (L) 1.47 (0.79) 2.26 (0.87) <0.001
FEV, (% predicted) 52.3 (25.6) 78.6 (24.3) <0.001
GOLD Stage (% within <0.001
category)
Never smokers 3 (1%) 140 (7%)
GOLD 0 38 (12%) 688 (34%)
GOLD | 22 (7%) 307 (15%)
GOLD 2 89 (28%) 573 (28%)
GOLD 3 90 (29%) 259 (13%)
GOLD 4 73 (23%) 50 (3%)
Exacerbation history <0.001
(n, % within category)
No exacerbation 227 (72%) 1852 (92%)
| exacerbation 47 (15%) 125 (6%)
22 exacerbations 41 (13%) 40 (2%)
Air Trapping —856 HU (%) 37.0 (24.9) 21.6 (19.8) <0.001
Emphysema <-950 HU (%) 13.2 (13.0) 6.6 (9.1) <0.001
Pil0 Whole Tree (mm) 3.73 (0.08) 3.70 (0.08) <0.001
Average Pil0 of 5 Paths 375 (0.11) 3.71 (0.10) <0.001
(mm)
WABC (cells/mcL) 7.6 (2.5) 6.9 (2.0) <0.001
CRP (mcg/mL) 8.7 (9.9) 5.7 (10.7) <0.001
Fibrinogen (mg/mL) 5.7 (1.6) 52 (1.4) <0.001
SERPINAI (mg/mL) 2.0 (0.6) 2.0 (0.5) 0.337
IL-8 (pg/mL) 10.1 (8.1) 9.3 (11.0) 0.227
IL-6 (pg/mL) 2.8 (8.0) 4.0 (15.7) 0.056
sRAGE (ng/mL) 2.5 (2.1) 3.1 (24) <0.001
GDF-15 (ng/L) 362(156) 368 (178) 0.524

Notes: Values are Mean (SD) unless otherwise stated. Respiratory disability is
defined as having 24 disabled characteristics (see methods). *Chi-squared tests
showing significant associations between disability and both sex and race.
Abbreviations: BMI, body mass index; FEV,, forced expiratory volume in
one second; GOLD, Global Initiative for Obstructive Lung Disease; Pil0, square
root of the wall area for a “theoretical airway” with an internal perimeter of 10 mm;
WBC, white blood cell count; CRP, C-reactive protein; SERPINAI, serpin family A,
member | gene, IL-8=interleukin 8; IL-6, interleukin 6; SRAGE, soluble receptor for
advanced glycation end products; GDF-15, growth differentiation factor-15.

P<0.001). Disabled subjects with mild-to-moderate COPD
also had higher CRP (P=0.015). Disabled subjects with severe
or very severe COPD were again younger (62.2 v 65.8 years;

P<0.001), had lower FEV; (0.9 v 1.1 L; P<0.001), lower
FEV% (31.6 v 38.4%; P<0.001), more air trapping (55.8
v 50.0%; P<0.001) more emphysema (21.7 v 18.9%;
P=0.018), but no difference in Pil10. Disabled subjects with
severe and very severe COPD had higher fibrinogen (6.0
v 5.5 mg/dL; P=0.009). Other biomarkers, including IL-6,
IL-8, SERPINA1, sRAGE and GDF-15, did not discriminate
between disabled and non-disabled subjects in any subgroup.
The seven variables used to define respiratory disabil-
ity were entered into a principal components analysis. The
first principal component which we have called “disability
score” was weighted on all of the seven variables in the
model and discriminated between different GOLD spiro-
metric stages (Figure 1). The second principal component
(orthogonal to the first principal component by definition)
was weighted on 6-minute walking distance and fatigue
but this did not discriminate between GOLD spirometric
stages. Together, these first and second principal compo-
nents explained 71% of the variance, whereas additional
principal components each explained less than 10%.
Examination of the frequency distribution of our disability
score in the different GOLD spirometric stages of COPD
suggested a cut-point of —1.0, where a score less than or
equal to —1.0 equated to disability. Using this cut-point,
88% of patients with very severe COPD (FEV<30% of
predicted) were disabled whereas only 2% of non-smoking
controls were disabled and in a separate analysis these
participants were noted to have greater body weight.
Examining predictive value, we considered three defini-
tions of respiratory disability: (a) the presence of four or more
criteria of disability from the seven chosen parameters
of disability in SPIROMICS; (b) disability score as
and (c) disability
a dichotomous variable where a value <-1.0 equals disability.
We observed that the disability score shifts to the left (more
negative) with a history of more exacerbations. We then used

a continuous variable; score  as

a zero-inflated Poisson regression model to examine the prob-
ability of having (P-model) or of not having an exacerbation
(P-zero). The model for predicting the rate of exacerbations
which included disability score as a dichotomous variable
(Table 2) performed better than models including >4 character-
istics of disability (Supplementary Table S5) or disability score

as a continuous variable (Supplementary Table S6). The model

which included disability score as a dichotomous variable
included other significant predictors including race, sex,
GOLD spirometric stage, and exacerbation history. Table 2
shows the associated P-values. Adding more variables to the
Poisson regression model for the estimation of exacerbation
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Distribution First Principal Component By COPD Gold Stage Severity
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First Principal Component
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Figure | First principal component “disability score” weighted on breathlessness (MMRC), self-reported aerobic capacity (VSAQ), 6-minute walking distance, the activity
domain of the St George’s Respiratory Questionnaire (SGRQa), COPD Assessment Test score (CAT), fatigue (FACIT Clinical Trials) and the physical domain of the Short
Form 12 (SF-12p). A value below <1.0 was used to define disability and is shown as a bold vertical line.

rate tended to degrade the significance of the disability score.
The basic model which included disability score, age, race, sex,
GOLD spirometric stage and exacerbation history (6 variables)
was promising but the addition of 7 more variables, such as
anxiety, GERD, chronic bronchitis, current smoking, depres-
sion, emphysema (continuous variable) and percentage of pre-
dicted FEV}, did not improve the predictive quality of the
model. Nevertheless, there was more disability in those with
chronic bronchitis, those with emphysema and those with
increasing depression by HADS score. Adding current smok-
ing or a diagnosis of gastroesophageal reflux to the model did
not reveal any relationship with disability for either of these
characteristics and the presence or absence of anxiety did not
seem to influence disability.

We also used a proportional hazards regression model
to investigate the association of respiratory disability with
survival (Table 3 and Figure 2). Only disability score
(P=0.001), age (P=0.002), and history of >2 exacerbations

(P=0.019) were significantly associated with mortality.
Sex, race, history of chronic bronchitis, current smoking,
history of GERD and depression were not statistically
significant. The presence of disability (disability score
<-1.0) versus no disability resulted in a 2.97-fold increase
in all-cause mortality. As we might have expected, the
BODE index at baseline also predicted mortality in the
SPIROMICS cohort (P=0.006) in a model using the same
covariates (Table 3). However, the respiratory disability
score performed slightly better than BODE in terms of
statistical significance.

Discussion

Severe COPD is often associated with extreme dyspnea,
impaired physical functioning and deterioration of health
status.'* Using the SPIROMICS cohort, we have developed
a novel definition of respiratory disability that captures sev-
eral aspects of each of these characteristics. Our novel
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Table 2 Estimates of Model for Exacerbation Rate Based on Presence of Respiratory Disability Using Zero-Inflated Poisson

Regression
Predictor Categorical Definition Based on Disability Score <-1.0
Model Zero
Coefficient | Wald 95% P-value | Coefficient | Wald 95% P-value
Confidence Confidence
Interval Interval
Respiratory disability (reference disability score 0.379 0.122 0.636 0.003 —0.966 —1.407 | —0.525 [ <0.001
>-1.0)
Age (years) —0.006 —0.021 | 0.009 [ 0.432 -0.019 —0.045 | 0.008 [ 0.162
Race (reference non-white) 0.115 —0.129 [ 0.359 0.353 1.100 0.590 1.610 <0.001
Sex (reference female) —0.286 —0.522 | —0.050 | 0.018 —0.096 —0.494 | 0.302 | 0.635
GOLD stage (reference never smokers) <0.001 <0.001
GOLD Stage 0 -0.516 —1.685 | 0.653 | — —1.406 —3.055 | 0.242 | -
GOLD Stage | —0.460 —-1.627 | 0.707 | - —2.029 -3.706 | —0.351 | -
GOLD Stage 2 —0.225 -1.360 | 0910 | - —2.647 —4276 | -1.018 | —
GOLD Stage 3 0.438 —0.675 | 1.551 - -2.183 -3.794 | —0.572 | -
GOLD Stage 4 0.363 —0.771 | 1496 | - —2.840 —4.525 | —1.154 | -
Baseline exacerbation history (reference zero) <0.001 0.003
| exacerbation in previous year 0.571 0314 0.828 - —0.735 —1.282 | —0.187 | -
22 exacerbations in previous year 0.631 0.341 0922 | - —0.902 —1.634 | —0.170 | —
Chronic bronchitis (reference none by self-report) | 0.085 —-0.159 [ 0.329 0.497 —0.527 -0.974 | —0.079 | 0.019
Current smoking (reference never/former 0.033 —0.257 | 0.323 0.823 —0.164 —0.656 | 0.327 0.511
smokers)
GERD (reference no history) 0.055 —0.167 | 0.276 0.630 —0.249 —0.642 | 0.145 0.212
HADS score (reference <8) 0.142 0.788
HADS score 8-10 0.108 —0.163 | 0378 | — —0.184 —0.708 | 0.340 | -
HADS score >10 0.331 0.010 [ 0.652 | — —0.056 —0.691 | 0.579 | -

Notes: Model for the annual exacerbation rate (per subject, per year) using a categorical definition of respiratory disability based on SPIROMICS disability score <-1.0.
Model is the regular Poisson model of an individual having an exacerbation during the period of follow-up; Zero is the model of an individual not having an exacerbation. The
model shows that respiratory disability is an independent predictor of exacerbations even after correcting for GOLD spirometric stage and exacerbation history which are
both themselves powerful predictors. Interestingly, being female was a predictor of having a future exacerbation whereas being non-white was a predictor of not having or

perhaps not reporting a future exacerbation.

Abbreviations: GOLD, Global Initiative on Obstructive Lung Disease; Exacerbation history, exacerbations in the previous year; GERD, gastro-esophageal reflux disease;
HADS, Hospital Anxiety and Depression Scale; Coefficient, B in the regression model; P-value, P-value from a likelihood ratio test.

disability score proved to be an independent predictor of
future exacerbations and also of mortality, even after control-
ling for age, sex, GOLD spirometric stage, current smoking,
BMI, GERD, and depression. The development of respira-
tory disability is a useful concept in understanding the pro-
gression of COPD and our findings offer straightforward
approaches to identifying disability in these patients.
Disability and frailty are both descriptors of physical
impairment; however, disability explains how such char-
acteristics can have negative consequences, for example,
on activities of daily living.'> There have been multiple
descriptions of frailty in the literature. Frailty as defined by
Fried, et al'® incorporates involuntary weight loss >10%

over the preceding year, low grip strength, self-reported
exhaustion, slow walking time, and low physical activity.
More recently there appears to be a consensus on the
definition of physical frailty which broadly includes fea-
tures of diminished physiological function such as reduced
strength and endurance.'” Our definition of respiratory
disability has some features in common with physical
frailty or limitation of physiological function.

Our novel disability score is also associated with worsen-
ing airflow obstruction as well as other factors such as lung
parenchymal destruction, and depression. Interestingly, in
those few patients with features of disability and GOLD
spirometric Stage 0, the disability score was associated with
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Table 3 Role of Respiratory Disability in Predicting Mortality

Variable SPIROMICS Disability Score BODE Index

P-value Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI)
Disability (reference disability score >-1.0)
Disability score <-1.0 0.001 2.97 (1.54-5.75) - -
BODE index - - 0.006 1.20 (1.05-1.36)
Age 0.002 1.07 (1.02-1.11) 0.003 1.06 (1.02—1.11)
Sex (reference female) 0.273 1.39 (0.77-2.49) 0.346 1.33 (0.74-2.38)
Race (reference non-white) 0.304 1.59 (0.66-3.85) 0.306 1.59 (0.66-3.83)
Baseline exacerbation history (reference none)
Baseline exacerbation history | 0.303 1.59 (0.66-3.87) 0.294 1.62 (0.66—-3.97)
Baseline exacerbation history 22 0.019 3.27 (1.22-8.77) 0.014 3.53 (1.29-9.36)
Chronic bronchitis (reference none by self-report) 0.870 0.94 (0.48-1.87) 0.778 1.10 (0.56-2.18)
Current smoking (reference never/former smokers) 0.949 1.02 (0.51-2.07) 0.856 1.07 (0.53-2.16)
GERD (reference no history) 0.634 I.15 (0.64-2.08) 0.534 1.21 (0.67-2.18)
HADS Score (reference <8)
HADS Score 8-10 0.249 1.59 (0.72-3.50) 0.098 1.93 (0.89-4.20)
HADS Score >10 0.127 2.10 (0.81-5.34) 0.057 2.53 (0.97-6.54)

Notes: In the model using the SPIROMICS disability score, only the disability score, age and history of 22 exacerbations were significant independent predictors of
mortality. In the model using BODE index, only BODE, age and history of 22 exacerbations were significant independent predictors of survival.
Abbreviations: PRINI, first principal component; GERD, gastroesophageal reflux disease; HADS, hospital anxiety and depression scale.

excess body weight. Obesity certainly can account for dys-
pnea and activity limitation. In those with mild-moderate
disease, airway wall thickening was prominent, whereas
severe disease was associated with air trapping and emphy-
sema. Another study,'® that used only 6-minute walking
distance as a measure of exercise capacity, did not find any
association between increased airway wall thickness and
reduced functional capacity. However, 6-minute walking
distance is known to be effort-dependent and highly variable
within COPD patients so it is unlikely to be a useful para-
meter used alone in this type of analysis. Although 6-minute
walking distance contributed to our disability score, our
principal components analysis showed that it provided dis-
cordant (orthogonal) information as well; perhaps explaining
some of the limitations of relying solely on this measure of
functional exercise capacity with which to define disability.
Using the categorical definition of respiratory disabil-
ity, we found interesting associations with airway disease
and lung parenchymal destruction as defined by HRCT.
The presence of four or more phenotypic characteristics of
disability was associated with increasing airway wall
thickness in normal subjects, smokers with normal spiro-
metry and patients with mild-to-moderate COPD. In
patients with severe COPD (FEV; <50% of predicted),

disability was associated with greater emphysema and air

trapping on HRCT. Thus, disability appears to identify
unique phenotypes within spirometrically defined COPD
stages.

We also explored the association of disability with
a range of inflammatory biomarkers and found that some
were increased in those subjects with disability compared
with those without disability in the same GOLD spiro-
metric stage. For example, disabled patients with mild-to-
moderate COPD had higher WBC and CRP and disabled
patients with severe COPD had higher fibrinogen. Overall,
patients with disability had lower sSRAGE compared to
those without disability and this biomarker is recognized
to decrease with progression of emphysema. These find-
ings, although limited, suggest a role for systemic inflam-
mation in the progression to disability. Having said this,
we did not find a clear separation between those with and
without disability based on a wider array of inflammatory
biomarkers including IL-6, IL-8 and SERPINAL.

We explored the potential relationships between various
common COPD comorbidities and respiratory disability.
Secondary analyses revealed that our categorical definition
of disability was associated with patient-reported diagnoses
of chronic bronchitis and emphysema, and with higher
depression scores. The association of disability with depres-

sion but not anxiety is interesting given that these clinical

International Journal of Chronic Obstructive Pulmonary Disease 2020:15

submit your manuscript

1893

Dove


http://www.dovepress.com
http://www.dovepress.com

Cooper et al

Dove

B
2 o097| ®
b
2
E 0.96 - S ¢
S 4
E -
7]
0.95
e———= PRIN1 > -1 Non Debilitated
0.94 oo PRIN1 < -1 Debilitated

1

0.00 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0

1
25 3.0 3.5 4.0 4.5 5.0

Survival Time in Years

Figure 2 Kaplan—Meier estimates of the probability of survival according to whether the subjects were disabled or non-disabled as defined by having a SPIROMICS disability
score >-1.0 or <-1.0, respectively. The hazard ratio for death in the disabled group compared with those who were not disabled was 2.56 (Cl 1.27, 5.31; P=0.009).

in other studies.!*?!

features tend to be correlated
Furthermore, rehabilitative exercise in COPD has been
shown to improve depression,”> a mechanism that might
operate in part through correction of respiratory disability.
In our analysis, there was no association of disability with
anxiety, current smoking or GERD.

An important finding in this study was the fact that our
disability score was an independent predictor of the rate of
COPD exacerbations. The reduced model which included
age, sex, race, GOLD spirometric stage and exacerbation
history showed that the presence of disability was not only
a significant predictor of exacerbation rate but also the
absence of disability (PRIN1>-1.0) was a significant predic-
tor of not having future exacerbations over the duration of
this study. After adding variables to the model for current
smoking, patient-reported chronic bronchitis, BMI and
depression, disability remained a highly significant indepen-
dent predictor not only of exacerbation rate but also of not
having future exacerbations.

Equally important is our finding that the SPIROMICS
disability score is an independent predictor of mortality. This
is not the first time that a multidimensional index has been
shown to predict survival in COPD. The BODE index® was
found to be a better predictor of survival than FEV;.
Furthermore, the original BODE index which includes

6-minute walking distance was as good a predictor as
a modified version of the BODE index that included directly
measured oxygen uptake.® The original BODE index was
captured at the SPIROMICS baseline visit at the same time
as the variables used to derive our novel disability score. Not
unexpectedly, the BODE index also predicted mortality in
the SPIROMICS cohort in a model adjusting for the same
covariates (Table 3). Respiratory disability, however, per-
formed slightly better than BODE in terms of statistical
significance and this was perhaps because the component
variables of the disability score are more broadly multidi-
mensional. These conclusions further validate our disability
score as a descriptor of end-stage or life-threatening disease.
The ability to identify patients at particular risk of dying
using an index of respiratory disability, such as the
SPIROMICS disability score, might lead to more focused
attention and treatment of this clinical phenotype with the
possibility of prolonged survival.

Our study has certain limitations. Firstly, SPIROMICS
was not a population-based study and may have recruited
proportions of symptomatic participants that are not repre-
sentative of the wider COPD population. The current
SPIROMICS database includes limited physiological mea-
surements with which to define disability and limited infor-
mation on comorbidities. For example, it does not include
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specific measures of physical functioning such as 4-meter
gait speed, hand-grip strength or maximum oxygen uptake.
Thus, we are unable to compare the predictive value of our
disability score with other measures such as a frailty score or
Charlson comorbidity index. Nevertheless, we were able to
include measures of breathlessness, self-reported exercise
capacity, functional exercise capacity, fatigue and health
status. We did our best to select those measures that relate
to physical functioning and we acknowledge that some of
these measures might have overlapping features. Finally, we
acknowledge the complexity of some of our variables, or at
least the time taken to collect the data, might limit the
application of this disability score in certain clinical settings.

In summary, disease progression in COPD is classically
defined by decline in pulmonary function.”® However, COPD
is not fully characterized by lung function testing alone.**
Our novel SPIROMICS respiratory disability score was asso-
ciated with worse airflow obstruction as well as airway wall
thickening, lung parenchymal destruction and certain inflam-
matory biomarkers. The disability score also proved to be an
independent predictor of future exacerbations and of death.
These findings validate disability as an important phenotype
in the spectrum of COPD. Although different from accepted
definitions of frailty, respiratory disability in COPD can be
thought of as equivalent to functional frailty. Future investi-
gation is needed to validate our disability score in other
cohorts, to establish its stability over time and its relationship
to measures of disease progression such as the development
of structural changes on HRCT or decline of FEV;. Our
findings also emphasize the need to focus future research
on understanding the mechanisms that lead to respiratory
disability because this would predictably help identify tar-
geted therapies that could potentially prevent progression to
disability and also to prolong survival.

Key Points

Question

Certain COPD patients become disabled with extreme
breathlessness, decreased exercise capacity and poor
health status. Current scientific knowledge does not allow
for easy identification of these individuals or provide
a reliable prognosis.

Results

This study introduces a novel disability score for COPD
patients based on phenotypic characteristics and shows that
this score is predictive of future exacerbations and death. This

score was similarly reliable at predicting death compared with

another well-known composite index of COPD, the BODE
index.

Meaning

Disability is an important phenotype in COPD and its
recognition should lead to targeted treatment strategies to
improve morbidity and survival.
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