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Abstract—Persons with severe chronic obstructive pulmonary
disease (COPD) and similar levels of forced expiratory volume
in 1 second (FEV,), exercise capacity, and dyspnea have a wide
range of health-related quality of life (HRQL). We identified the
independent determinants of HRQL in persons with COPD.
Comprehensive assessments of physiological, psychosocial,
and clinical variables from the National Emphysema Treatment
Trial were used. HRQL was assessed by the Medical Outcomes
Study 36-Item Short Form Physical Component Summary
(PCS) and Mental Component Summary (MCS) scores and the
St. George’s Respiratory Questionnaire total score (SGRQ-TS).
In multivariate linear regression models, exercise capacity, dys-
pnea, age, single-breath diffusing capacity of the lung for car-
bon monoxide percent predicted, and self-report of being
disabled were significant determinants of PCS score. Dyspnea,
depression, antidepressant use, daytime sleepiness, and educa-
tion were significant determinants of MCS score. Prior partici-
pation in pulmonary rehabilitation, supplemental oxygen use,
and oral corticosteroid use were significant determinants of
SGRQ-TS. Although FEV,, 6-minute walk test distance, and
dyspnea significantly correlated with HRQL, their effects on
HRQL were reduced when other variables were considered.
Greater exercise capacity, prior participation in pulmonary reha-
bilitation, and use of supplemental oxygen were significantly
associated with better HRQL. Self-perception of being disabled,
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(Abstract continued)

depression, dyspnea, oral corticosteroid use, and daytime sleep-
iness were associated with worse HRQL. To optimize HRQL,
clinicians should pay attention to a number of clinical and phys-
iological factors.

Clinical Trial Registration: ClinicalTrials.gov; National Emphy-
sema Treatment Trial. National Clinical Trials Registration
ID: NCT00000606.

Key words: chronic obstructive pulmonary disease, COPD, dis-
ability, dyspnea, emphysema, exercise capacity, health-related
quality of life, multivariate regression models, National Emphy-
sema Treatment Trial, pulmonary rehabilitation.

INTRODUCTION

Health-related quality of life (HRQL) is patient-
centered and integrates the complex physiological and
psychosocial effects of chronic obstructive pulmonary
disease (COPD) on a person’s life [1]. HRQL has been
shown to predict healthcare resource utilization and mor-
tality in COPD [2-3]. Currently, the medical manage-
ment of severe COPD emphasizes treating airflow
obstruction with pharmacologic agents and treating exer-
cise intolerance and dyspnea with pulmonary rehabilita-
tion, with the ultimate goal of optimizing HRQL [4].
However, relationships among HRQL, exercise capacity,
lung function, and dyspnea are complex. Persons who
have similar reductions in forced expiratory volume in
1 second (FEV,) and exercise capacity and similar levels
of dyspnea have a wide range of HRQL, suggesting that
other variables contribute to HRQL [5-14].

The National Emphysema Treatment Trial (NETT)
was a multicenter randomized clinical trial that compared
outcomes of lung-volume-reduction surgery (LVRS) to
medical therapy among patients with severe airflow
obstruction [15-18]. Now that it is completed, the NETT
provides a large and comprehensive database of standard-
ized assessments of HRQL, exercise capacity, lung func-
tion, dyspnea, psychosocial status, and demographic
information in persons with Global Initiative for Chronic
Obstructive Lung Disease (GOLD) stages Il and 1V
COPD [4]. The NETT database provides the unique
opportunity to examine the many physiological, psycho-
social, demographic, and clinical variables that may
affect HRQL in severe COPD.

Kaplan et al. previously examined univariate correla-
tions between physiological measures and HRQL in
baseline data of the 1,218 subjects randomized in the
NETT [14]. They found that HRQL, as measured by the
Medical Outcomes Study 36-Item Short Form (MOS SF-
36) Physical Component Summary (PCS) and Mental
Component Summary (MCS) scores, St. George’s Respi-
ratory Questionnaire total score (SGRQ-TS), and Self-
Administered Quality-of-Well-Being Scale (QWB-SA)
total score, was significantly correlated with FEV; and
6-minute walk test (6BMWT) distance. The simple corre-
lations did not examine psychological, demographic, and
clinical variables that may contribute to HRQL, and the
authors did not “adjust for” multiple explanatory vari-
ables in the same model. In this article, we extend this
analysis to model the complex nature of HRQL and iden-
tify its independent predictors. Unlike the previous analy-
sis, we (1) considered psychosocial, demographic, and
clinical variables in addition to the physiological vari-
ables; (2) used multivariate linear regression models; and
(3) used data from 1,621 participants screened for the
NETT. We hypothesized that when considered together
with psychosocial, demographic, and clinical variables in
multivariate models, FEV,, 6MWT distance, and dysp-
nea would have less impact on HRQL in severe COPD
than in univariate models.

METHODS

Patient Selection

The inclusion criteria for the NETT [18] are reviewed
briefly and include (1) age >40 years, (2) smoking history
>10 pack-years, (3) postbronchodilator FEV/forced vital
capacity ratio <0.70, and (4) postbronchodilator FEV;
percent predicted <40 percent. All patients provided writ-
ten informed consent, and the study was approved by the
institutional review board at each clinic participating in
the NETT. Since the purpose of our investigation was to
assess determinants of HRQL in COPD, we did not limit
the analysis to persons who participated in the trial and
included data from subjects screened for the NETT. Per-
sons with a significant bronchodilator (BD) response, as
evidenced by an increase in postbronchodilator FEV; of
>200 mL, were excluded from participation in the NETT.
Therefore, subjects with the presence of BD reversibility
were excluded from these retrospective analyses.
Although persons with COPD and a BD response have
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been shown to have better HRQL as measured by the
SGRQ-TS [19], it is unlikely that the presence or absence
of a BD response would influence our analyses. Subjects
with missing HRQL scores were also excluded from these
analyses. Our inclusion criteria were met by 1,657 sub-
jects, and 36 of these subjects were further excluded
because they were missing 4 of the variables of interest.
For 302 subjects (missing 3 variables), missing values
were imputed using the mean value (if normally distribu-
ted) or the mode value (if skewed) from the available
data. Results of regression analyses were similar in
imputed and unimputed data sets; we present the results
from analyses of the imputed data set to maximize the
ability to consider multivariate models. In summary, our
analyses include data from 1,621 subjects—1,036 who
were randomized in the NETT and 585 who did not meet
eligibility criteria for randomization but for whom entry
data were collected.

Health-Related Quality of Life

HRQL was assessed with the MOS SF-36, a general
measure of health status that includes eight health con-
cepts: physical functioning, role-physical, bodily pain,
general health perceptions, vitality, social functioning,
role-emotional, and mental health [20]. We used the PCS
and MCS scores from the MOS SF-36. Higher scores indi-
cate better health status. The SGRQ assessed respiratory-
specific HRQL [21]. The SGRQ is a standardized 50-item
instrument that assesses symptoms, activity, and effects on
daily life. The SGRQ-TS is calculated from the three com-
ponent scores. We used SGRQ-TSs, with lower scores
indicating better health status. In addition, we used the
QWB-SA as another measure of general HRQL [22]. The
QWB-SA combines preference-weighted values for symp-
toms and functioning.

Physiological Testing

Exercise capacity was assessed with the 6MWT, and
we used maximal distance walked in these analyses [23].
Subjects underwent cardiopulmonary exercise testing
(CPET) with cycle ergometry, supplemented with oxygen
if needed, and we used maximum workload, measured in
watts, in these analyses [15]. Pulmonary function was
assessed with the postbronchodilator FEV; percent pre-
dicted, residual volume (RV)/total lung capacity (TLC)
ratio, and the single-breath diffusing capacity of the lung
for carbon monoxide (DLCO) percent predicted [15].

MOY et al. HRQL determinants in severe COPD

Clinical Assessment

Data on demographics, medication use, and clinical
history were available (Table 1). Subjects had been asked,
“Are you currently disabled?” and “How often are you

Table 1.
Subject characteristics and candidate variables for multivariate
regression models (n = 1,621).

. Mean + SD
Variable or n (%)
Age 66 £ 6
Sex: Male 976 (60)
Race: White 1,523 (94)
Marital Status: Married 1,039 (64)
Education: Completed High School or Higher 1,301 (80)
BMI 2514
Disabled 1,101 (68)
Prior Pulmonary Rehabilitation 1,013 (62)
Daytime Sleepiness 888 (55)
Cigarette Smoking (pack-years) 64 +31
Alcohol Use: Never 628 (39)
Current Oral Corticosteroid Use 535 (33)
Antidepressant Use 279 (17)
Antianxiety Medication Use 190 (12)
Oxygen Use 1,226 (76)
Beck Total Score 10+£6
FEV, % Predicted, After BD 266
RV/TLC Ratio, After BD 0.66+0.08
DLCO, % Predicted 2710
PaCO, 43+6
CT Emphysema Score 16+4
LVEF, >45% 1,566 (97)
MOS SF-36 PCS Score (range 8-56) 28+ 7
MOS SF-36 MCS Score (range 12-76) 52+ 10
SGRQ-TS (range 17-96) 57 +13
6MWT Distance (m) (range 35-750) 335+98
Maximal CPET Workload (W) 33+20
UCSD SOBQ Total Score (range 8-120) 66 + 19
6MWT Borg 5+2
CPET Borg 62

6MWT = 6-minute walk test; BD = bronchodilator; Beck = Beck Depression
Inventory; BMI = body mass index; Borg = Borg score for breathlessness;
CPET = cardiopulmonary exercise testing; CT = computed tomography;
DLCO = single-breath diffusing capacity of the lung for carbon monoxide;
FEV, = forced expiratory volume in 1 second; LVEF = left ventricular ejection
fraction; MCS = Mental Component Summary; MOS SF-36 = Medical Out-
comes Study 36-Item Short Form; PaCO, = partial pressure of arterial carbon
dioxide; PCS = Physical Component Summary; RV = residual volume; SD =
standard deviation; SGRQ-TS = St. George’s Respiratory Questionnaire total
score; TLC = total lung capacity; UCSD SOBQ = University of California, San
Diego Shortness of Breath Questionnaire.
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troubled by sleepiness in the daytime or during working
hours?” Prior participation in a pulmonary rehabilitation
program and alcohol use had been assessed by medical
history. Dyspnea was quantified with the University of
California, San Diego Shortness of Breath Questionnaire
(UCSD SOBQ) [24]. We used the total score, with lower
scores indicating less dyspnea. We also analyzed dyspnea
scores assessed with the modified Borg score for breath-
lessness (Borg) at the completion of the 6MWT and CPET
[25]. Depression assessment was made with the Beck
Depression Inventory (Beck) [26]. The radiographic sever-
ity of emphysema was determined from high-resolution
computed tomography scans of the chest [15]. Left ventricu-
lar ejection fraction was assessed by echocardiography,
and the partial pressure of arterial carbon dioxide was
assessed by arterial blood gas analysis.

Statistical Analysis

We assessed measures of exercise capacity, dyspnea,
and lung function as the main candidate determinants of
HRQL. In addition, covariates (Table 1) that may affect
HRQL were selected a priori based on our clinical experi-
ence caring for persons with severe COPD. All analyses
were performed with the SAS statistical software package
(version 9.1, SAS Institute, Inc; Cary, North Carolina).
Since HRQL scores are continuous data, linear regression
methods (PROC GLM) were used to assess the relation-
ship of each independent variable of interest with PCS
score, MCS score, and SGRQ-TS [27]. In univariate mod-
els, a single independent variable was assessed and the
“unadjusted coefficient” indicates the impact of the inde-
pendent variable on the HRQL outcome without other
potential explanatory variables in the regression model.
Independent variables, which were significant at the 0.10
level in the univariate analyses, were assessed together as
a single block in multivariate regression models, and vari-
ables significant below the 0.05 level were retained in the
multivariate models. Therefore, in the multivariate mod-
els, the terminology “adjusted coefficient” indicates the
effect of each independent variable on HRQL in the con-
text of (or adjusting for) all other independent variables.
To check for collinearity, we assessed correlations
between the continuous variables and HRQL with Pear-
son correlation coefficients. Model diagnostics revealed
no outliers or influential points, and linear regression
model assumptions were examined and satisfied. Residual
plots were examined for goodness of fit.

RESULTS

The 1,621 subjects, 60 percent of whom were male,
had a mean age of 66 + 6 years (all data are presented as
mean + standard deviation unless otherwise noted)
(Table 1). Subjects had severe airways obstruction with a
mean post bronchodilator FEVq of 0.73 + 0.22 L (26 +
6% of predicted values). HRQL was reduced with mean
PCS, MCS, and SGRQ-TS scores of 28 + 7, 52 + 10, and
57 + 13, respectively. Exercise capacity was severely
limited with a mean maximal distance walked on the
6MWT of 335 + 98 m and a mean maximal workload
achieved on cycle ergometry of 33 £ 20 W. Mean UCSD
SOBQ total score was 66 + 19. Lung function, dyspnea,
psychosocial, demographic, and clinical variables are
summarized in Table 1. Twenty-two percent of the sub-
jects had at least mild depression defined as a Beck total
score >14, and seventeen percent reported antidepressant
use. Daytime sleepiness was reported by 55 percent of sub-
jects. Sixty-eight percent of subjects had self-perception of
being disabled. Although all subjects had severely reduced
FEV,, a wide range of PCS, MCS, and SGRQ-TS scores
was found (Figure).

Univariate Models

In univariate regression models, all measures of exer-
cise capacity, dyspnea, and lung function were significant
determinants of PCS score and SGRQ-TS (Table 2).
FEV; percent predicted was not a significant determinant
of MCS score, while all the other measures of exercise
capacity, dyspnea, and lung function were significant
determinants of MCS score. These results are similar to
the previous relationships reported by Kaplan et al. in the
persons randomized in the NETT [14]. UCSD SOBQ total
score explained the greatest variance in HRQL, account-
ing for 22 percent of the variance in PCS score, 12 percent
of the variance in MCS score, and 46 percent of the vari-
ance in SGRQ-TS. Age, oral corticosteroid use, alcohol
use, self-report of being disabled, daytime sleepiness, anti-
depressant use, supplemental oxygen use, and Beck total
score were significant determinants of all three measures
of HRQL (Table 3). Being underweight or obese, com-
pared with those having a normal body mass index (BMI),
was consistently associated with worse HRQL as measured
by PCS, MCS, and SGRQ-TS (Table 3).
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Figure.

Distribution of health-related quality of life scores: (a) Medical
Outcomes Study 36-ltem Short Form (MOS SF-36) Physical
Component Summary, (b) MOS SF-36 Mental Component Summary,
and (c) St. George’s Respiratory Questionnaire (SGRQ) total score.
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Collinearity between variables was assessed. Weak cor-
relations were found among the continuous variables that
were significant determinants of PCS, MCS, or SGRQ-TS
in the univariate regression models and that were later con-
sidered in multivariate models. Pairs of variables with Pear-
son correlation coefficients >0.50 were 6BMWT distance and
maximal CPET workload (r = 0.57), RV/TLC and maximal
CPET workload (r =-0.53), and RV/TLC and FEV percent
predicted (r =-0.50).

Multivariate Models

In multivariate regression models, 6MWT distance,
self-report of being disabled, UCSD SOBQ total score,
6MWT Borg, age, and DLCO percent predicted were sig-
nificant determinants of PCS score (model R2 = 0.24)
(Table 4). Beck total score, antidepressant use, UCSD
SOBQ total score, education, and daytime sleepiness
were significant determinants of MCS score (model R? =
0.35) (Table 4). The determinants of PCS and MCS
scores were essentially the same as those for SGRQ-TS,
except that education contributed to MCS score, while
race contributed to SGRQ-TS (Table 4). In addition,
prior participation in pulmonary rehabilitation and sup-
plemental oxygen use were independently associated
with better SGRQ-TS, while current corticosteroid use
was independently associated with worse SGRQ-TS
(Table 4). We also examined the performance of the sig-
nificant determinants of PCS and MCS score in multi-
variate models using the QWB-SA total score as the
outcome. Table 5 shows that all the determinants except
age were significant or trended toward significance in
determining the QWB-SA total score.

In multivariate models, FEV; percent predicted was
not a significant determinant of PCS, MCS, or SGRQ-TS.
Although 6MWT distance remained a significant deter-
minant of PCS, MCS, and SGRQ-TS in multivariate mod-
els, its effect on HRQL decreased by a factor of ~10
compared with univariate models, as assessed by the
change in value of the unadjusted to the adjusted regres-
sion coefficients (Tables 2 and 4). Similarly, the effect of
dyspnea, measured by the 6MWT Borg, on PCS and
SGRQ-TS was reduced by at least a factor of three in the
multivariate models compared with the univariate models.
Based on the adjusted regression coefficients from the
multivariate models (Table 4), the effects of self-report of
being disabled, prior participation in pulmonary rehabili-
tation, antidepressant use, daytime sleepiness, current
oral corticosteroid use, and supplemental oxygen use on
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Table 2.
Univariate models™ of exercise capacity, dyspnea, and lung function as determinants of health-related quality of life.
MOS SF-36 PCS Score' MOS SF-36 MCS Score' SGRQ-TS*
Variable Unadjusted Unadjusted Unadjusted
Coefficient p-Value Coefficient p-Value Coefficient p-Value
(95% CI) (95% CI) (95% CI)
6MWT Distance 0.02 <0.001 0.02 <0.001 -0.04 <0.001
(0.01 to0 0.02) (0.01t0 0.02) (-0.05 to -0.04)
Maximal CPET Workload 0.08 <0.001 0.08 <0.001 -0.18 <0.001
(0.06 to 0.09) (0.05t0 0.10) (-0.21t0 -0.15)
UCSD SOBQ Total Score -0.18 <0.001 -0.19 <0.001 0.46 <0.001
(-0.19 t0 -0.16) (-0.22 t0 -0.17) (0.44 10 0.48)
6MWT Borg -0.75 <0.001 -0.52 <0.001 1.7 <0.001
(-0.92 to -0.58) (-0.76 t0 -0.27) (1.4t02.0)
CPET Borg -0.47 <0.001 -0.33 0.0045 1.1 <0.001
(-0.63t0 -0.31) (-0.56 to -0.10) (0.80to 1.4)
FEV, % Predicted, After BD 0.14 <0.001 0.02 NS -0.33 <0.001
(0.08 t0 0.19) (-0.06 to 0.10) (-0.42 t0 -0.23)
RV/TLC Ratio, After BD -9.5 <0.001 -11 <0.001 21 <0.001
(<14 t0o -5.1) (-18t0 -4.9) (13t0 29)
DLCO, % Predicted 0.06 0.002 0.07 0.01 -0.16 <0.001
(0.02 to 0.09) (0.02t00.12) (-0.22 to -0.09)

*Example of univariate model: MOS SF-36 PCS Score = (0.02) x (6MWT Distance).

THigher score indicates better health status.
*Lower score indicates better health status.

6MWT = 6-minute walk test; BD = bronchodilator; Borg = Borg score for breathlessness; Cl = confidence interval; CPET = cardiopulmonary exercise testing;
DLCO = single-breath diffusing capacity of the lung for carbon monoxide; FEV; = forced expiratory volume in 1 second; MCS = Mental Component Summary;
MOS SF-36 = Medical Outcomes Study 36-ltem Short Form; NS = nonsignificant; PCS = Physical Component Summary; RV = residual volume; SGRQ-TS = St.
George’s Respiratory Questionnaire total score; TLC = total lung capacity; UCSD SOBQ = University of California, San Diego Shortness of Breath Questionnaire.

PCS score, MCS score, or SGRQ-TS were generally of
similar magnitude or greater than the effects of mean
6MWT distance or Borg on PCS, MCS, or SGRQ-TS.

DISCUSSION

Persons with FEV; <40 percent predicted (GOLD
stages Il and 1V COPD) and with limited exercise capac-
ity have a wide range of HRQL scores, suggesting that
other clinical variables contribute to HRQL. This is the
first analysis, to our knowledge, to incorporate multiple
psychological, demographic, and clinical variables along
with physiological variables in multivariate models to
identify the significant determinants of HRQL. Our results
indicate that FEV; percent predicted is not an independent
determinant of HRQL in severe COPD but measures of
exercise capacity and dyspnea are strongly and indepen-
dently associated with HRQL.

The finding that exercise capacity and dyspnea are
independent determinants of HRQL confirms prior
observations; however, our analyses are the first to
include them with psychosocial, demographic, and clini-
cal variables in the same multivariate models that adjust
for the effects of other factors. Our multivariate models
demonstrate that the absolute effects of 6MWT distance
and Borg on HRQL are reduced compared with their
effects in the univariate models.

We identified other less well-recognized clinical and
psychosocial parameters that independently contribute to
HRQL. Given that the effects of these parameters on unit
change in HRQL are of similar magnitude or greater
(higher absolute values of adjusted regression coefficients)
than the effects of FEV,, 6MWT distance, or dyspnea on
HRQL, our results suggest that these variables also
deserve attention in optimizing therapies that might lead to
an improvement in HRQL in patients with severe COPD.
For example, depression is an independent determinant of
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Table 3.

MOY et al. HRQL determinants in severe COPD

Univariate models”™ of candidate determinants of Medical Outcomes Study 36-Item Short Form (MOS SF-36) Physical Component Summary
(PCS), MOS SF-36 Mental Component Summary (MCS), and St. George’s Respiratory Questionnaire total score (SGRQ-TS).

MOS SF-36 PCS Score' MOS SF-36 MCS Score' SGRQ-TS*
Variable Unadjusted Unadjusted Unadjusted
Coefficient p-Value Coefficient p-Value Coefficient p-Value
(95% ClI) (95% CI) (95% CI)
Age 0.17 <0.001 0.13 0.002 -0.45 <0.001
(0.12t0 0.23) (0.0510 0.21) (-0.55 to -0.35)
Current Oral Corticosteroid Use -2.0 <0.001 -1.4 0.009 5.2 <0.001
(ref = no use) (-2.7t0-1.2) (-2.5t0-0.36) (3.81t06.5)
Alcohol Use 2.1 <0.001 1.8 <0.001 -4.0 <0.001
(ref = never use) (1.3t02.8) (0.74 t0 2.8) (-5.3t0-2.7)
Disabled -3.00 <0.001 -1.8 0.001 6.8 <0.001
(ref = nondisabled) (-3.75t0 -2.25) (-2.9t0-0.74) (5.4t08.1)
Daytime Sleepiness -1.1 <0.001 -3.3 <0.001 4.0 <0.001
(ref = never sleepy during day) (-1.8 to —0.40) (-4.3t0-2.3) (2.7t05.2)
Antidepressant Use -1.0 0.04 -4.6 <0.001 4.8 <0.001
(ref = no use) (-1.9 to -0.06) (-6.0t0-3.3) (3.2t06.5)
Oxygen Use -16 <0.001 -1.3 0.04 3.2 <0.001
(ref = no use) (-2.41t0-0.78) (-2.410-0.072) (1.8t04.7)
Beck Total Score -0.22 <0.001 -0.97 <0.001 1.01 <0.001
(-0.28 t0 -0.17) (-1.04 to -0.90) (0.92t01.1)
BMI (ref = BMI 18-25, n = 836)
BMI <18 -1.8 0.06 -2.3 0.09 4.2 0.02
(Underweight, n = 61) (-3.8t0 0.05) (-5.1t0 0.39) (0.80 to 7.55)
BMI 25-30 0.02 NS 11 0.05 -0.14 NS
(Overweight, n = 547) (-0.77t0 0.81) (-0.011t0 2.2) (-1.5t0 1.3)
BMI >30 -1.7 0.004 -0.91 NS 2.8 0.01
(Obese, n = 177) (-2.9 to -0.55) (-2.6t0 0.79) (0.67 to 4.9)
Sex -0.24 NS -14 0.008 0.46 NS
(ref = male) (-0.96 to 0.49) (-2.5t0-0.37) (-0.83t01.8)
Education 0.51 NS 4.6 <0.001 -4.7 <0.001
(ref = not high school graduate)  (-0.39 to 1.4) (3.3t05.8) (-6.3t0-3.2)
Race -0.11 NS -1.3 NS -0.67 NS
(ref = white) (-1.61 to0 1.39) (-3.4t00.84) (-3.3t02.0)
Marital Status -0.16 NS -1.2 0.03 1.2 0.07
(ref = married) (-0.90 to 0.58) (-2.2t0 -0.09) (-0.086 to 2.6)
Prior Rehabilitation 0.17 NS 0.19 NS -0.36 NS
(ref = no rehabilitation) (-0.57t0 0.91) (-0.87t0 1.24) (-1.7 t0 0.95)
Cigarette Smoking -0.001 NS -0.021 0.02 0.028 0.008
(-0.013 t0 0.011) (-0.037 to —0.004) (0.007 to 0.049)
Antianxiety Medication Use -0.75 NS =33 <0.001 4.08 <0.001
(ref = no use) (-1.86 to 0.36) (-4.9t0-1.7) (2.12t0 6.04)
LVEF -0.80 NS 3.2 0.03 -0.33 NS
(ref > 45%) (-2.77t0 1.17) (0.38 t0 6.02) (-3.8103.2)
PaCO, -0.02 NS -0.099 0.03 0.076 NS
(-0.08 to 0.04) (-0.19 to -0.008) (—0.036 to 0.19)
CT Emphysema Score —-0.005 NS 0.039 NS 0.12 NS

(~0.095 to 0.085)

(~0.09 t0 0.17)

(~0.04 10 0.28)

*Example of univariate model: MOS SF-36 PCS Score = (0.17) x (Age).
THigher score indicates better health status.
*Lower score indicates better health status.
Beck = Beck Depression Inventory, BMI = body mass index, Cl = confidence interval, CT = computed tomography, LVEF = left ventricular ejection fraction, NS =

nonsignificant, PaCO, = partial pressure of arterial carbon dioxide, ref = reference.
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Table 4.

Significant determinants of Medical Outcomes Study 36-Item Short Form (MOS SF-36) Physical Component Summary (PCS) score (model R? =
0.24), MOS SF-36 Mental Component Summary (MCS) score (model RZ= 0.35), and St. George’s Respiratory Questionnaire total score (SGRQ-TS)

(model R? = 0.55) in multivariate models™ (n = 1,621).

MOS SF-36 PCS Score' MOS SF-36 MCS Score’ SGRQ-TS?
Determinant Adjusted Coefficient ..~ Adjusted Coefficient .~ Adjusted Coefficient .,
(95% CI) P (95% CI) P (95% CI) P
6MWT Distance 0.0042 0.02 0.0025 0.29 -0.006 0.02
(0.0005 to 0.0080) (-0.0022 to 0.0072) (-0.011 to -0.001)
UCSD SOBQ Total Score -0.16 <0.001 -0.07 <0.001 0.37 <0.001
(-0.18 t0 -0.14) (-0.10 to -0.04) (0.34t0 0.39)
6MWT Borg -0.22 0.007 — — 0.24 0.03
(-0.38 to —-0.06) (0.024 to 0.46)
Age 0.08 0.006 — — -0.19 <0.001
(0.02t00.13) (-0.27 t0 -0.12)
Beck Total Score — — -0.82 <0.001 0.48 <0.001
(-0.89 to -0.74) (0.40 to 0.55)
Antidepressant Use — — -1.6 0.004
(ref = no use) (-2.7 to -0.50)
DLCO, % predicted -0.05 0.008 — — 0.07 0.008
(-0.08 to -0.01) (0.02 t0 0.11)
Education — — 2.3 <0.001 — —
(ref = not high school graduate) (1.2t03.3)
Daytime Sleepiness — — -1.3 0.002 15 <0.001
(ref = never sleepy during day) (-2.2t0-0.49) (0.65 t0 2.4)
Disabled -1.1 0.002 — — 1.8 <0.001
(ref = nondisabled) (-1.9t0-0.41) (0.77 to 2.8)
Race — — — — -2.6 0.005
(ref = white) (-4.4t0-0.79)
Current Oral Corticosteroid Use — — — — 2.2 <0.001
(ref = no use) (1.3t03.1)
Oxygen Use — — — — -14 0.01
(ref = no use) (-2.5t0-0.34)
Prior Rehabilitation — — — — -1.2 0.008
(ref = no rehabilitation) (-2.1t0-0.33)

Note: Dash indicates variable not included in model.

*Example of multivariate model: MOS SF-36 PCS score = (0.0042) x 6MWT Distance + (—0.16) UCSD SOBQ Total Score + (-0.22) 6MWT Borg + (0.08) x age +

(-0.05) x DLCO % Predicted + (-1.1) x (Disabled)
THigher score indicates better health status.
*Lower score indicates better health status.

6MWT = 6-minute walk test; Beck = Beck Depression Inventory; Borg = Borg score for breathlessness; CI = confidence interval; DLCO = single-breath diffusing
capacity of the lung for carbon monoxide; ref = reference; UCSD SOBQ = University of California, San Diego Shortness of Breath Questionnaire.

HRQL. We found that 22 percent of the subjects had at
least mild depression, defined as a Beck total score >14,
and 17 percent reported antidepressant use. Daytime sleepi-
ness, reported by 55 percent of subjects, was also signifi-
cantly associated with HRQL. Self-perception of being
disabled was significantly associated with worse HRQL.
Prior participation in pulmonary rehabilitation, supple-
mental oxygen use, and use of oral corticosteroids were
significant determinants of HRQL as assessed by SGRQ-
TS. These data also show that BMI is associated with

HRQL. Low BMI, a marker for the systemic manifesta-
tions of COPD, has been previously shown to have weak,
independent predictive ability for increased mortality in
COPD [28]. The current result is the first to demonstrate
that being obese versus having normal BMI is associated
with worse HRQL in severe COPD.

In the final model (PCS score = [0.0042] x 6MWT
distance + [-0.16] UCSD SOBQ total score + [-0.22]
6MWT Borg + [0.08] x age + [-0.05] x DLCO percent
predicted + [-1.1] x [disabled]), the absolute values of the
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Performance of significant determinants of Medical Outcomes Study 36-Item Short Form Physical Component Summary and Mental Component
Summary scores in multivariate model with Self-Administered Quality-of-Well-Being Scale” score as outcome (n = 1,617; model R? = 0.29).

Determinant Adjusted Coefficient (95% CI) p-Value
6MWT Distance 0.00017 (0.0001 to 0.0002) <0.001
UCSD SOBQ Total Score -0.0017 (-0.0020 to —0.0014) <0.001
6MWT Borg —0.0029 (-0.0055 to —0.0003) 0.03
Age 0.000072 (-0.00082 to 0.00097) NS
DLCO, % Predicted —0.00054 (-0.0011 to 0.000022) 0.06
Disabled (ref = nondisabled) —0.011 (-0.023 to 0.00068) 0.06
Beck Total Score —0.0050 (-0.0060 to —0.0041) <0.001
Antidepressant Use (ref = no use) —-0.014 (-0.028 to —0.00024) 0.05
Education (ref = not high school graduate) —0.012 (-0.025 to 0.00067) 0.06
Daytime Sleepiness (ref = never sleepy during day) —0.023 (-0.033 t0 —0.012) <0.001

*Higher score indicates better health status.

6MWT = 6-minute walk test; Beck = Beck Depression Inventory; Borg = Borg score for breathlessness; Cl = confidence interval; DLCO = single-breath diffusing
capacity of the lung for carbon monoxide; NS = nonsignificant; ref = reference; UCSD SOBQ = University of California, San Diego Shortness of Breath Questionnaire.

adjusted coefficients are low (Table 4). For example, a
change in 6MWT distance of 238 m results in a 1-point
change in PCS score when adjusting for the other explana-
tory variables in the model. However, we found that small
changes in PCS and MCS scores were clinically meaning-
ful and were associated with differences in healthcare
resource utilization. Patients who reported that they had not
had a doctor’s office visit, emergency room visit, or hospi-
talization in the 3 months prior to NETT entry had average
PCS or MCS scores that were 1.1 to 3.1 points higher than
those of patients who reported having had at least one use
of medical resources. Similarly, the multivariate model for
SGRQ-TS shows that a change of 167 m in 6MWT dis-
tance results in a 1-point change in SGRQ-TS when adjust-
ing for the other explanatory variables in the model
(Table 4). Again, we found that small changes in SGRQ-
TS were associated with differences in healthcare resource
utilization. Subjects who reported that they had not had a
doctor’s office visit, emergency room visit, or hospitaliza-
tion in the 3 months prior to NETT entry had mean
SGRQ-TSs 3.0 to 5.1 points lower than those of patients
who had reported at least one use of medical resources,
which is consistent with the 4-point change in SGRQ-TS
that is reported in the literature as a clinically significant
change [29].

Several associations deserve discussion, and we specu-
late as to the mechanisms to explain these associations. We
acknowledge that these cross-sectional analyses offer no
insight into the causal mechanisms. For example, greater
age was independently associated with better HRQL,

assessed by both the MOS SF-36 and the SGRQ-TS.
These results suggest that subjects may adapt to their dis-
ability and limitations with age. Conversely, better HRQL
in older subjects in this cohort willing to consider LVRS
may have resulted from a survivor effect if worse HRQL
in younger subjects was a marker for greater mortality.
Supplemental oxygen use was independently associated
with better SGRQ-TS, while oral corticosteroid use was
associated with worse SGRQ-TS. These results suggest
that the many side effects of oral corticosteroid use may
outweigh its beneficial effects as a COPD therapy with
respect to its final impact on SGRQ-TS.

The models also show that higher DLCO percent pre-
dicted is independently associated with worse HRQL,
assessed by both the PCS and SGRQ-TS—a result that is
physiologically difficult to explain. Plots of the relation-
ship between DLCO and PCS and SGRQ-TS show that
very small changes in HRQL exist across the ranges of
DLCO seen in this cohort, suggesting that the negative
coefficient reflects an unstable estimate. Statistical check
of collinearity did not reveal high correlations between
DLCO percent predicted and the other continuous vari-
ables, making it unlikely that the effect of DLCO percent
predicted on PCS and SGRQ-TS is being altered by the
other covariates.

That the independent determinants of PCS score and
MCS score were the same as those for SGRQ-TS offers evi-
dence for the validity of the models. This evidence is further
supported by the finding that pulmonary-specific variables
such as prior participation in pulmonary rehabilitation,
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supplemental oxygen use, and oral corticosteroid use
were independent determinants of respiratory disease-
specific HRQL measured by the SGRQ-TS but not of
general health status measured by the MOS SF-36. The
validity of our model is further supported by the perfor-
mance of the same variables in independently determining
HRQL measured by the QWB-SA.

Our cross-sectional results demonstrate that, in addi-
tion to exercise capacity and dyspnea, level of depression,
daytime sleepiness, oxygen use, pulmonary rehabilitation,
oral corticosteroid use, and BMI are important factors that
determine HRQL at a particular point in time for a given
individual patient and these factors should be routinely
assessed in the clinical setting. It is interesting that despite
the comprehensive assessment of physiological, psycho-
social, clinical, and demographic status, only 24 to 55 per-
cent of the variance in HRQL was explained by these
models. We speculate that other clinical factors not
assessed in the NETT, such as cumulative free-living
physical activity, may be important determinants of
HRQL in COPD. Further study of such factors among
persons with all severities of COPD is warranted.

CONCLUSIONS

Although FEV,;, 6MWT distance, and dyspnea are
significantly correlated with HRQL in univariate analy-
ses, their effects on HRQL are reduced when considered
with other physiological, psychosocial, and clinical vari-
ables in multivariate models. Greater exercise capacity,
prior participation in pulmonary rehabilitation, and use of
supplemental oxygen are significantly associated with a
better HRQL. Self-perception of being disabled, depres-
sion, dyspnea, oral corticosteroid use, and daytime sleepi-
ness are associated with a worse HRQL. These results
suggest that in order to optimize HRQL in subjects with
severe COPD, clinicians should pay attention to a num-
ber of physiological, psychosocial, and clinical variables.
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