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Abstract

Objective—To examine the prognostic value of select biobehavioral factors in patients with 

chronic obstructive pulmonary disease (COPD) in a secondary analysis of participants from the 

INSPIRE-II trial.

Methods—Three hundred twenty six outpatients with COPD underwent assessments of 

pulmonary function, physical activity, body mass index, inflammation, pulmonary symptoms, 

depression, and pulmonary quality of life, and were followed for up to 5.4 years for subsequent 

clinical events. The prognostic value of each biobehavioral factor, considered individually and 

combined, also was examined in the context of existing Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) 2011 risk stratification.

Results—Sixty-nine individuals experienced a hospitalization or died over a mean follow-up 

time period of 2.4 (interquartile range = 1.6) years. GOLD classification was associated with an 

increased risk of clinical events (HR = 2.72 [95% CI 1.63, 4.54], per stage); Six Minute Walk (HR 

= 0.50 [0.34, 0.73] per 500 feet), total steps (HR = 0.82 [0.71, 0.94] per 1,000 steps), hsC-reactive 

protein (HR = 1.44 [1.01, 2.06] per 4.5 mg/L), depression (HR = 1.12 [1.01, 1.25] per 4 points), 

and pulmonary quality of life (HR = 1.73 [1.14, 2.63] per 25 points) were each predictive over and 

above the GOLD assessment. However, only GOLD group and Six Minute Walk were predictive 

of all-cause mortality and COPD hospitalization when all biobehavioral variables were included 

together in a multivariable model.

Conclusion—Biobehavioral factors provide added prognostic information over and above 

measures of COPD severity in predicting adverse events in patients with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a complex and relatively common lung 

disease that is a growing cause of morbidity and mortality throughout the world.(1, 2) 

COPD is an obstructive airway disease in which chronic inflammation is thought to result in 

structural changes including narrowing of the small airways and loss of elasticity.(3) COPD 

is considered to be the result of cumulative exposure to pollutants, of which smoking is the 

primary culprit. However, environmental pollution or occupational exposure also may be 

responsible;(4) in fact, it has been estimated that more than 10% of the reported cases of 

COPD may occur in persons who have never smoked.(5)

Unlike chronic conditions such as coronary heart disease and cancer, there are no known 

pharmacologic therapies that prolong survival in COPD patients. The severity of COPD is 

measured by pulmonary function testing, and the amount of air expired in one second 

(FEV1) is considered a sensitive measure of disease severity, which is independently 

prognostic of clinical outcomes.(6–8) However, patients with COPD vary greatly in their 

clinical presentations and functional status, independent of FEV1, and other factors have 

been shown to be predictive of clinical outcomes.(9) The Food and Drug Administration has 

noted that “with the exception of lung function tests, there are no well validated biomarkers 

or surrogate endpoints that can be used to establish efficacy of a drug for COPD.”(10) 

Although a number of potential prognostic factors have been examined, including 

biomarkers obtained from bronchial biopsies, sputum, and bronchoalveolar lavage, few have 

been validated.(11–13) Furthermore, while some studies have examined the prognostic 

value of biobehavioral factors such as the GOLD classification(14), Six Minute Walk Test 

(6MWT)(15), measures of inflammation(16, 17), physical activity(18), and depression(19, 

20), most studies either collect such factors in isolation, or report their prognostic value 

individually rather than collectively. The INSPIRE-II study provides an opportunity to 

examine the relationship of a broad array of biobehavioral biomarkers, separately and 

together, to medical endpoints.

The INSPIRE-II trial was a dual site (Duke University Medical Center and Ohio State 

University), randomized clinical trial that evaluated the effects of a telephone-based coping 

skills training (CST) intervention for COPD patients and their respective caregivers on 

physical and psychosocial measures of quality of life and on medical outcomes 

(clinicaltrials.gov Identifier: NCT00736268). The methods and primary results of the trial 

have been published previously(21) (22). The CST intervention improved quality of life 

(QoL), reduced distress and somatic symptoms, and increased functional capacity compared 

to health education controls. However, the intervention did not improve clinical outcomes. 

The present ancillary study from INSPIRE-II evaluated the prognostic significance of 

biobehavioral factors collected at baseline, prior to treatment, on the combined endpoint of 

all-cause mortality and COPD-related hospitalizations, independent of disease severity 
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determined by FEV1, age, and medical comorbidities. We also examined the predictive 

value of these biobehavioral factors in relation to the recently revised Global Initiative for 

Chronic Obstructive Lung Disease 2011 (GOLD 2011) assessment, which classifies patients 

on the basis of FEV1, exacerbation history and symptoms, and has been shown to be 

associated with increased mortality risk.(14, 23–26)

Methods

Eligibility and Trial Overview

INSPIRE-II enrolled outpatients diagnosed with COPD, with FEV1 25–80% of predicted 

within 6 months of study enrollment, and FEV1/FVC <70%. The protocol was approved by 

the Institutional Review Boards at Duke and Ohio State and all participants provided written 

informed consent. The first patient was enrolled in January, 2009 and the last follow-up was 

completed in June, 2014. Details related to the methods and primary outcomes have been 

previously (21, 22).

Assessment procedures

Prior to randomization, patients completed a baseline assessment battery of biobehavioral 

prognostic factors, including measures of pulmonary function, inflammation, somatic 

symptoms, functional capacity and physical activity, depression and pulmonary QoL.

Pulmonary Function and Body Mass Index—Forced Expiratory Volume (FEV1) was 

determined by a standard pulmonary function test performed in accordance with guidelines 

established by the American Thoracic Society.(27) Patients were instructed to breathe 

normally into a spirometer and then to inhale quickly to total lung capacity (TLC) and 

immediately thereafter perform a rapid and complete forced exhalation to determine the 

forced vital capacity (FVC). The forced expiratory volume in the first second determined the 

FEV1.

Body Mass Index (BMI): Height and body weight were measured by a standard balance 

scale; body mass index (BMI) was calculated as weight (kg) divided by height in meters 

squared

Functional Capacity and Physical Activity

Six-Minute Walk Test Distance (6MWD): A standard protocol to determine exercise 

tolerance by measuring the distance walked within a 6-minute time limit was used.(28) 

Patients were asked to cover as much distance as possible at a self-selected pace, and, if 

needed, were provided with enough oxygen to maintain saturations of 90% or greater.

Physical Activity/Accelerometry: Physical activity (PA) during daily life was quantified 

on two successive days using the Kenz Lifecorder Plus accelerometer NL-2160 (LC; 

Suzuken Co. Ltd., Nagoya Japan). The average number of steps per day and time spent in 

moderate physical activity were recorded.
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Somatic Symptoms—St. George’s Respiratory Questionnaire (SGRQ)(29) is a 50-item 

scale that evaluates symptomatology (e.g., frequency of cough, sputum production, wheeze, 

breathlessness), activity (activities that cause or are affected by breathlessness), and impacts 

(on employment, need for medications, disruption of daily life). Scores range from 0 to 100, 

with higher scores indicating more pulmonary symptoms. The Cronbach’s alpha in the 

present sample was 0.91.

Depression and Quality of Life—Beck Depression Inventory II (BDI-II)(30) is a 21-

item self-report measure assessing cognitive, affective, and somatic symptoms of 

depression. Scores range from 0 to 63 with higher scores indicating greater depressive 

symptoms. The Cronbach’s alpha for the present sample was 0.91.

Pulmonary Quality of Life (PQoL)(31) is a 36-item scale derived from the SF-36 that is 

designed to specifically assess quality of life (QoL) in patients with end stage lung disease. 

Scores range from 25 to 125, with higher scores indicating better pulmonary QoL. The 

Cronbach’s alpha for the present sample was 0.89.

Inflammation—High sensitivity C-Reactive Protein (hsCRP) was quantified by Lab Corp 

using commercial ELISA kits (R&D Systems). Blood samples were obtained only from 

participants at Duke University (N=226).

Medical Co-morbidities—Charlson Medical Comorbidity Index(32) was used to assess 

the cumulative burden of medical comorbidity. The presence of each of 20 medical 

conditions was determined from patient report. The index assigns a weight to each 

condition, with the weighting coefficients derived from the approximate 1-year adjusted 

relative risk of mortality associated with that condition in a general medical population.

GOLD Classification—GOLD classification is the most widely used approach used to 

diagnose and manage COPD. The revised GOLD 2011 categorizes patients into one of four 

groups: A-low risk, less symptoms with mild-moderate airflow limitation, 0–1 COPD 

exacerbations per year and few pulmonary symptoms; B-low risk, more symptoms, with 

mild-moderate airflow limitation, 0–1 exacerbations per year and more symptoms; C-high 

risk, less symptoms with severe or very severe airflow restrictions and/or more than 2 

exacerbations per year or 1 or more hospitalized exacerbations per year and few symptoms; 

D-high risk, more symptoms with severe or very severe airflow restrictions and/or more than 

2 exacerbations per year or 1 or more hospitalized exacerbations per year and more 

symptoms. For the purpose of this study, GOLD 2011 was based upon FEV1, prior COPD 

hospitalizations, and symptom severity. A SGRQ score of ≥ 25 was used in place of the 

COPD Assessment Test (CAT) cutoff of ≥ 10, in keeping with prior studies.(23)

Staff performing all biobehavioral assessments was blinded to treatment condition and 

clinical outcomes.

Clinical Endpoints—Patients documented all medical encounters every 6 months. 

Medical records were reviewed by a conference of study pulmonologists, blinded to 

treatment condition and biobehavioral results, who adjudicated all medical events. The 
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primary endpoint was the combined endpoint of time to death from any cause or first 

COPD-related hospitalization.

Statistical Analysis

We first performed a series of analyses using general linear models comparing patients with 

and without a clinical event for each biobehavioral factor adjusting for known predictors of 

COPD exacerbations including age, medical comorbidities (Charlson score), duration of 

COPD, and FEV1. In order to provide meaningful data on the magnitude of difference 

between patients with and without events, standardized effect size data using Cohen’s d are 

also presented.(33) Site (Duke and OSU) and Treatment group (CST and UC) were included 

in the models initially, but neither were significant and consequently were omitted in the 

final analyses. We next examined the relationship between prognostic factors and clinical 

outcomes using Cox regression, with the first clinical event coded as the event, and those 

with no events or who dropped out of the trial censored at the time of last contact. Separate 

models were conducted to examine the relationship between each biobehavioral factor--

functional capacity (6MWD), physical activity during daily life (accelerometry total steps), 

BMI, inflammation (CRP), depression (BDI-II), and pulmonary quality of life (PQoL). In 

our analyses of hs CRP, we also controlled for whether participants were taking either 

inhaled corticosteroids or prednisone because of the known influence of these medications 

on inflammation. In the Cox regression models, predictors were scaled such that the hazard 

ratios reflected clinically meaningful comparisons on that predictor. The 6MWD was scaled 

so that one unit was equivalent to 150-meters; age to 10 years; total steps to 1,000 steps, and 

the BDI-II to 4-points. Both hsCRP (4.5 mg/L) and the PQoL (25 points) were scaled to 

their interquartile ranges (IQR), which allows the coefficient to be interpreted as comparing 

a “typical” person in the middle of the upper half of the predictor distribution with a 

“typical” person in the middle of the lower half of the predictor distribution.

Because GOLD is the most widely accepted risk stratification system for COPD patients, we 

examined the predictive ability of each biomarker after accounting for GOLD 2011 

classification in addition to age, Charlson score, and COPD duration. In a final model, we 

examined the independent association of all biobehavioral predictors simultaneously. Given 

the number of candidate predictors in relation to the number of events in this final model 

and, in the interest of parsimony, we followed the recommendations of Steyerberg (34), in 

which candidate predictors with p-values < 0.50 are maintained in the model and those with 

p-values ≥ 0.50 are removed. We also used the bootstrap validation procedure in the rms 

package within R (http://cran.r-project.org/) to evaluate the extent to which overfitting may 

have produced optimism in overall model fit.(35) Finally, we also examined the extent to 

which physical activity (total accelerometry steps) and inflammation (hsCRP) explained any 

observed relationships between psychological predictors (BDI-II and PQoL) and clinical 

events using the MEDIATION package within R.
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Results

Patient Characteristics

Three hundred twenty six individuals were enrolled in the INSPIRE II trial. The majority of 

participants (77%) were aged 60 years or older (range 38 – 81 yrs), Caucasian, and male 

(Table 1). Generally, participants had few medical comorbidities and most were not current 

smokers.

Demographic and Clinical Characteristics and Survival

Sixty-nine individuals experienced a hospitalization or died over a mean follow-up time 

period of 2.4 (IQR = 1.6) years (range 0.1 to 5.4 years). There was no difference in follow-

up times between patients with and without events. The median follow-up time for 

individuals who did not experience a clinical event was 2.8 (IQR = 1.0) years and was 2.2 

(IQR = 1.6) years among individuals who were either hospitalized or died during follow-up 

(P = .09). Among individuals who died (N=9), three experienced a hospitalization prior to 

death, which was counted as their first event in the time-to-event analyses. Among the 60 

individuals with hospitalizations, 38 individuals were hospitalized once (63%), 12 

individuals were hospitalized twice (20%), and 10 individuals were hospitalized three or 

more times (17%). Similar to results presented in the primary paper, now with a longer 

follow-up period, there was no difference between CST and COPD-ED in time to death or 

first COPD-related hospitalization (P = .584).

Examination of demographic and clinical characteristics of patients with and without events 

revealed that participants with events were older (P = .005), had lower FEV1 (P < .0001), a 

longer duration of COPD (P < .001), were more likely to be on supplemental oxygen (P < .

0001), and taking prednisone (P = .001) (Table 1).

Biobehavioral Predictors of Survival

Functional Capacity, Physical Activity and BMI—Individuals who experienced a 

clinical event had lower 6MWD distance (d = 0.77 [95%CI 0.52, 1.02], P < .001), fewer 

total steps (d = 0.58 [95%CI 0.32, 0.84], P = .016), and fewer moderate intensity steps (d = 

0.54 [95%CI 0.28, 0.80], P = .029) (Table 2). Time-to-event analyses revealed that greater 

6MWD (HR = 0.54 [95% CI 0.37, 0.80], P = .002), total steps (HR = 0.84 [95% CI 0.73, 

0.95], P = .007) and moderate intensity steps (HR = 0.40 [95% CI 0.20, 0.80], P = .01), and 

higher BMI (HR = 1.04 [95% CI 1.00, 1.08], P = .043) were associated with lower 

likelihood of a clinical event.

Quality of Life, Depression and Dyspnea—Participants who experienced a clinical 

event had higher scores on the BDI-II (d = 0.27 [95%CI 0.0, 0.53], P = .023) and SGRQ (d 

= 0.56 [95%CI 0.30, 0.82], P = .001), and lower PQoL (d = 0.60, [95%CI 0.34, 0.86], P = .

004) (Table 2). Separate time-to-event models showed that the BDI-II (HR = 1.14 [95% CI 

1.02, 1.27] per every 4 points higher BDI-II score, P = .016), SGRQ (HR = 1.11 [95% CI 

1.04, 1.18] per every 4 points higher SGRQ score, P < .001), and PQoL (HR = 1.66 [95% CI 

1.11, 2.49] per every 25 point higher PQoL score, P = .015) were each predictive of clinical 

events.
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Inflammation—Participants with clinical events had higher hsCRP (d = 0.49 [95%CI 0.18, 

0.79], P = .007) (Table 2). In time-to-event analyses, higher hsCRP (HR = 1.38 [95% CI 

0.97, 1.97], P = .078) tended to be associated with a greater likelihood of an event.

Association between GOLD Classification and Biobehavioral Measures: Because the 

GOLD classification is widely considered to be the ‘gold’ standard for risk stratification in 

individuals with COPD, we conducted ancillary analyses in which we evaluated the 

prognostic value of the individual biomarkers over and above GOLD classification. As 

shown in Table 3, lower GOLD classification was associated with poorer functional 

capacity, fewer steps, greater depression, and poorer pulmonary QoL (P’s< .01). Consistent 

with prior studies(14, 25, 26), we found that the relationship between GOLD classification 

and risk of adverse clinical outcomes was linear (P = .037 for test of linear trend) and 

therefore modeled GOLD as a continuous predictor (A = 0, B = 1, C = 2, D = 3) (note: 

results were essentially the same when GOLD was modeled categorically). After controlling 

for GOLD (which includes FEV1 and pulmonary symptoms [SGRQ]), age, medical 

comorbidities, and duration of COPD, 6MWD (HR = 0.50 [95%CI 0.34, 0.73]), P < .001), 

accelerometry (HR = 0.82 [95%CI 0.71, 0.94], P = .003), hsCRP (HR = 1.44 [95%CI 1.01, 

2.06], P = .042), BDI-II (HR = 1.12 [95%CI 1.01, 1.25], P = .039), and PQOL (HR = 1.73 

[95%CI 1.14, 2.63], P = .011) were each predictive over and above GOLD (Table 4).

Examination of the magnitude of risk associated with the combined endpoint of death or 

COPD hospitalizations, quantified as the probability of an event at 3 years, indicated that 

every 150m lower 6MWD was associated with an 17% greater 3-year probability of an 

event, every 1,000 fewer steps with a 6% increased probability, every 4.5-point higher CRP 

level a 10% increased probability, every 4-point higher score on the BDI-II a 4% increased 

probability, and every 15-point lower score on the PQOL a 9% increased probability of an 

event. The GOLD index also remained predictive of events in these ancillary models (P’s < .

032), with each lower GOLD level (e.g., from A to B, B to C, and C to D) associated with a 

7–13% increased risk of mortality or hospitalization. These associations tended to remain 

significant when corrected for multiple testing using the Benjamini-Hochberg False 

Discovery rate: 6MWD (P = .002), total steps (P = .009), BMI (P = .020), hsCRP (P = .050), 

BDI-II (P = .050), and PQoL (P = .120).

In a final model controlling for the biobehavioral predictors most predictive of outcomes, 

only 6MWD (P = .043), and GOLD classification (P = .038) remained predictive, whereas 

all other predictors were no longer significant (P’s > .186). Examination of parameter 

estimates in our final model suggested that for every one-level decrease in GOLD (i.e., A–

D), the 3-year probability of a clinical event increased by 6%, whereas every 150m decrease 

in 6MWD increased the probability of an event by 14%. The estimated optimism for fit was 

modest-for this final model (12%), suggesting minimal bias from overfitting.

Mediators of Depression, PQOL, and Clinical Events

In order to better understand the relationship between depression, quality of life, and clinical 

outcomes, we examined whether levels of physical activity and inflammation explained the 

relationship between our psychological predictors and subsequent clinical events. We first 
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examined whether baseline levels of PQOL and the BDI-II were associated with total 

accelerometry steps. We then examined whether baseline PQOL and BDI-II levels remained 

predictive of clinical outcomes after controlling for total accelerometry steps in separate 

models. We found that both higher PQOL (β = .34, P <.0001) and lower BDI scores (β = −.

18, P < .001) were associated with greater total accelerometry steps, that the relationships 

between both PQOL (HR = 1.48, P = .089) and BDI-II (HR = 1.10, P = .090) with clinical 

events were attenuated after controlling for total accelerometry steps, and the formal tests 

for mediation were significant (Ps = .03).

We then examined whether the association of PQOL and the BDI-II with clinical outcomes 

were explained by CRP levels. We found that depressive symptoms assessed by the BDI-II 

were not associated with hsCRP levels (β = .10, P = .144) and a formal test of mediation 

could therefore not be examined. In contrast, higher levels of CRP were associated with 

lower PQoL (β = .16, P = .030) but PQoL remained a significant predictor of events (HR = 

1.7, P = .014) after controlling for CRP, which was attenuated (HR = 1.03, P = .519); the 

formal test for mediation was not significant (P = .20).

Discussion

The results of this study demonstrated the prognostic importance of biobehavioral factors in 

COPD patients, independent of age and objective measures of COPD severity. Although 

FEV1 is widely considered to be the best single measure of disease severity and is 

prognostic of all-cause mortality,(36) we found that low physical activity and functional 

capacity, higher BMI, greater dyspnea, increased depression, poorer quality of life, and 

higher levels of inflammation were each independently associated with worse clinical 

outcomes over and above age and disease severity determined by standard pulmonary 

function testing. Previous studies have largely examined the association of each of these 

biobehavioral risk factors with clinical outcomes individually, including such factors as 

physical activity,(37) dyspnea,(38) depression,(39) quality of life,(40) 6MWD(15, 41) and 

CRP.(42–44) One important exception is the ECLIPSE observational cohort(45). This 3-

year, prospective, multi-center study of 2180 COPD patients sought to identify potential risk 

factors for disease progression in patients with different COPD subtypes, as well as 

biomarkers that serve as intermediate endpoints. Results showed that a prior history of 

exacerbations was associated with more frequent exacerbations during prospective follow-

up across all GOLD categories (46) and that COPD-related hospitalizations were associated 

with reduced survival. (47) A broad array of biobehavioral measures were obtained, 

including measures of inflammation, quality of life, functional status, and depression(47); 

however, the prognostic value of each biobehavioral measure was apparently not considered 

in the context of the full range of other measures, although some findings were reported 

individually(48, 49) or were described in relation to GOLD classification.(14) The present 

study not only examined each of these factors separately, but established their independent 

prognostic value over and above the GOLD 2011 classification. Furthermore, when all the 

biobehavioral prognostic factors were considered simultaneously, only reduced functional 

capacity and greater pulmonary symptoms were significant predictors of clinical outcomes 

over and above the FEV1 and age.
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We also examined the relation of the biobehavioral measures to GOLD 2011 criteria and 

confirmed the prognostic significance of GOLD 2011. Increasing severity of GOLD 2011 

classification generally was associated with worse biobehavioral risk factors. For example, 

depression scores were twice as high in GOLD category D compared to Category A (BDI-II 

= 5.4 vs 11.7) and patients in category A had the greatest exercise tolerance and activity 

levels, while patients in category D had the poorest exercise tolerance and lowest activity 

level. We note that the observed differences in 6MWD across GOLD 2011 groups in our 

INSPIRE-II cohort were similar to both COPDgene(23) and ECLIPSE.(14) The pattern of 

total daily steps across GOLD 2011 groups revealed that patients in group A were most 

physically active, while patients in group C were actually slightly more physically active 

than those in group B, despite having greater airflow obstruction, reaffirming the 

observation that compromised pulmonary function only partially explains the reduced 

functional capacity and limited ability to perform activities of daily living in COPD patients.

GOLD classification is determined by way of two independent axes: one determined by 

symptoms and the other by a combination of airflow obstruction (FEV1) and prior 

exacerbation history. GOLD B is characterized by higher prevalence of cough, wheezing 

and frequent exacerbations driven by airway inflammation, whereas GOLD C tends to have 

more severe airflow obstruction but comparatively fewer symptoms. Thus, GOLD B patients 

by definition have more respiratory symptoms than GOLD C, despite higher FEV1 and may 

have more comorbidities (thus additional causes for dyspnea and cough) and be more likely 

to have a “chronic bronchitis” (i.e. inflammatory) phenotype rather than an “emphysema-

predominant” phenotype, which is marked by poor lung function but less inflammation. 

Therefore, GOLD categories B and C can be difficult to distinguish and some studies have 

shown that patients classified in GOLD B may actually be sicker relative to patients 

classified as GOLD C.(50) In the present study, GOLD classification was predictive of 

adverse outcomes when modeled either linearly or categorically.

Even after adjusting for age, duration of COPD, GOLD 2011 classification, and medical 

comorbidities, a broad range of biobehavioral risk factors were associated with increased 

risk of COPD-related hospitalization or all-cause mortality, including measures of systemic 

inflammation, pulmonary quality of life and depression, in addition to physical activity 

measures as we have previously reported.(51) The significance of these risk factors, even in 

the context of the established GOLD 2011 risk index, highlights the potential value of 

biobehavioral factors associated with mortality and COPD-related hospitalization as part of 

efforts to improve medical outcomes in COPD patients.

Although all of the biobehavioral risk factors that we considered had significant prognostic 

value over and above GOLD 2011, only functional capacity and accelerometry added 

significantly to GOLD 2011 once all other biobehavioral variables were included in the 

model. As reported previously in the INSPIRE-II study population, 6MWD and total daily 

physical activity are more predictive of combined COPD-related hospitalization or all-cause 

mortality compared to GOLD 2011 classification.(51) Thus, our findings confirm the 

importance of functional capacity as an independent risk marker in patients with COPD, 

even when evaluated in the context objectively measured pulmonary function (i.e., FEV1) 

along with of a broader set of biobehavioral risk factors. These findings add to the growing 
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literature that greater 6MWD is associated with better survival in COPD patients. (15, 51–

56) and validate its inclusion as an important and independent predictor of risk over and 

above impaired pulmonary function and symptom severity.

In addition to the laboratory-based 6MWD measure of functional capacity, we assessed 

physical activity during routine activities of daily living. Previous studies have shown that 

physical activity can be measured reliably in COPD patients,(57) is lower in patients with 

COPD than in controls(58) and in patients with higher scores on the BODE index.(59) Low 

daily life activity is associated with reduced quality of life,(60) acute exacerbations of 

COPD,(61) and increased mortality.(62) Both self-reported(56) and accelerometry-

measured(61) physical activity have previously been shown to predict acute exacerbations of 

COPD. Moy et al. reported that daily steps and inflammation were associated with increased 

acute exacerbations of COPD.(18) Waschki et al.(62) found that physical activity based on 

step counts and estimated energy expenditure was more strongly associated with mortality 

compared to FEV1, SGRQ, and 6MWD. We previously reported that fewer total daily 

accelerometry steps at baseline were associated with increased risk of COPD-related 

hospitalization or all-cause mortality among patients in INSPIRE-II;(51) the current report 

extends these findings, demonstrating that this relationship is independent of other 

biobehavioral risk factors, including measures of systemic inflammation, depression, 

pulmonary QoL and burden of other medical comorbidities. Thus, functional capacity as 

measured by 6MWD and reflected in activity during daily life may provide a useful 

barometer of risk in COPD patients and actually was used in INSPIRE II to inform activity 

prescriptions for home exercise.(21) The relationship between improvements in pulmonary 

symptoms and functional capacity and changes in risk of COPD-related hospitalizations or 

mortality in interventional studies has not been clearly established. The effect of pulmonary 

rehabilitation on clinical outcomes has been inconsistent, with no significant mortality 

benefit in most large controlled studies, but more favorable effects on hospitalization risk.

(63–66) Although the CST intervention in INSPIRE-II resulted in improved symptoms and 

functional capacity, CST did not result in better medical outcomes. It is possible that the 

magnitude of improvement in these biobehavioral risk factors was not sufficient to improve 

medical endpoints, or that they were not in the pathway by which CST may affect clinical 

outcomes. Therefore, the effect of reducing symptoms and increasing functional capacity on 

clinical outcomes remains an empirical question worthy of further research.

Limitations

Although our sample was relatively large, the number of participants in GOLD 2011 

categories A and C were relatively small, which also may have contributed to some of the 

variability in our findings (e.g., low BDI-II scores and high PQoL scores in category C). 

However, other studies also have found GOLD B and C to be difficult to distinguish with 

respect to outcomes.(50) Prior studies also have demonstrated significant within-group 

variability in risk of COPD exacerbation and related hospitalization in GOLD groups C and 

D,(14, 23, 24) which may be due to differences in the symptom scale used to assess 

dyspnea. While we did not use the MRC or CAT to classify patients according to GOLD 

criteria, the SGRQ correlates strongly with the CAT,(67) and has been used to classify 

patients into GOLD 2011 groups in prior studies such as GOPDGene.(23) Although prior 
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exacerbation history was assessed in INSPIRE-II, our categorization scheme precluded the 

use of the threshold of ≥ 2 exacerbations to define higher risk as in GOLD 2011.

Summary

We have demonstrated that when adjusted for age, comorbidities and history of prior COPD 

exacerbations, markers of depression, pulmonary symptoms and quality of life, systemic 

inflammation and functional status and physical activity level are all strongly associated 

with clinical outcomes. Functional capacity as measured by 6MWD adds predictive value to 

GOLD 2011 classification with respect to first COPD-related hospitalization or death from 

any cause, after adjusting for the full range of these biobehavioral risk factors. These 

findings suggest that somatic symptoms and physical function are important biomarkers of 

risk in COPD, over and above objective measures of pulmonary function, and that 

interventions directed at reducing risk through improving symptoms and increasing physical 

activity need further study.

Acknowledgments

This research was supported by Grant No. HL 065503 from the National Institutes of Health, Bethesda, Maryland 
and by Grant No. UL1TR001070 from the National Center For Advancing Translational Sciences. Thanks to Dr. 
Andrew Sherwood for his suggestions on an earlier draft of this manuscript. Also, thanks to the following INSPIRE 
Investigators for their contributions to this work: Virginia Fenwick O’Hayer, PhD, Francis Keefe, PhD, Julie J. 
Johnson, PA-C, Amelia Hoyle, BA and Tamara Greene, BA.

References

1. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJL. Global and regional burden of disease 
and risk factors, 2001: systematic analysis of population health data. Lancet. 2006; 367:1747–57. 
[PubMed: 16731270] 

2. Lopez AD, Shibuya K, Rao C, Mathers CD, Hansell AL, Held LS, Schmid V, Buist S. Chronic 
obstructive pulmonary disease: current burden and future projections. Eur Respir J. 2006; 27:397–
412. [PubMed: 16452599] 

3. Mannino DM, Buist AS. Global burden of COPD: risk factors, prevalence, and future trends. 
Lancet. 2007; 370:765–73. [PubMed: 17765526] 

4. Buist AS, McBurnie MA, Vollmer WM, Gillespie S, Burney P, Mannino DM, Menezes AM, 
Sullivan SD, Lee TA, Weiss KB, Jensen RL, Marks GB, Gulsvik A, Nizankowska-Mogilnicka E. 
International variation in the prevalence of COPD (the BOLD Study): a population-based 
prevalence study. Lancet. 2007; 370:741–50. [PubMed: 17765523] 

5. Lokke A, Lange P, Scharling H, Fabricius P, Vestbo J. Developing COPD: a 25 year follow up 
study of the general population. Thorax. 2006; 61:935–9. [PubMed: 17071833] 

6. Anthonisen NR, Wright EC, Hodgkin JE. Prognosis in chronic obstructive pulmonary disease. The 
American review of respiratory disease. 1986; 133:14–20. [PubMed: 3510578] 

7. Burrows B, Earle RH. Course and prognosis of chronic obstructive lung disease. A prospective 
study of 200 patients. The New England journal of medicine. 1969; 280:397–404. [PubMed: 
5763088] 

8. Boushy SF, Thompson HK Jr, North LB, Beale AR, Snow TR. Prognosis in chronic obstructive 
pulmonary disease. The American review of respiratory disease. 1973; 108:1373–83. [PubMed: 
4751722] 

9. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, Barnes PJ, Fabbri LM, 
Martinez FJ, Nishimura M, Stockley RA, Sin DD, Rodriguez-Roisin R. Global strategy for the 
diagnosis, management, and prevention of chronic obstructive pulmonary disease: GOLD executive 
summary. Am J Respir Crit Care Med. 2013; 187:347–65. [PubMed: 22878278] 

Blumenthal et al. Page 11

Psychosom Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. USDohahsfadacfdear. CDER. 2007. Guidance for industry chronic obstructive pulmonary disease: 
Developing drugs for treatment. 

11. Franciosi LG, Page CP, Celli BR, Cazzola M, Walker MJ, Danhof M, Rabe KF, Della Pasqua OE. 
Markers of disease severity in chronic obstructive pulmonary disease. Pulm Pharmacol Ther. 
2006; 19:189–99. [PubMed: 16019244] 

12. Woodruff PG. Novel outcomes and end points: biomarkers in chronic obstructive pulmonary 
disease clinical trials. Proc Am Thorac Soc. 2011; 8:350–5. [PubMed: 21816991] 

13. Barnes PJ, Chowdhury B, Kharitonov SA, Magnussen H, Page CP, Postma D, Saetta M. 
Pulmonary biomarkers in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 
2006; 174:6–14. [PubMed: 16556692] 

14. Agusti A, Edwards LD, Celli B, Macnee W, Calverley PM, Mullerova H, Lomas DA, Wouters E, 
Bakke P, Rennard S, Crim C, Miller BE, Coxson HO, Yates JC, Tal-Singer R, Vestbo J. 
Characteristics, stability and outcomes of the 2011 GOLD COPD groups in the ECLIPSE cohort. 
European Respiratory Journal. 2013; 42:636–46. [PubMed: 23766334] 

15. Spruit MA, Polkey MI, Celli B, Edwards LD, Watkins ML, Pinto-Plata V, Vestbo J, Calverley PM, 
Tal-Singer R, Agusti A, Coxson HO, Lomas DA, MacNee W, Rennard S, Silverman EK, Crim 
CC, Yates J, Wouters EF. Predicting outcomes from 6-minute walk distance in chronic obstructive 
pulmonary disease. Journal of the American Medical Directors Association. 2012; 13:291–7. 
[PubMed: 21778120] 

16. de Torres JP, Pinto-Plata V, Casanova C, Mullerova H, Cordoba-Lanus E, Muros de Fuentes M, 
Aguirre-Jaime A, Celli BR. C-reactive protein levels and survival in patients with moderate to 
very severe COPD. Chest. 2008; 133:1336–43. [PubMed: 18339787] 

17. Pinto-Plata V, Casanova C, Mullerova H, de Torres JP, Corado H, Varo N, Cordoba E, Zeineldine 
S, Paz H, Baz R, Divo M, Cortopassi F, Celli BR. Inflammatory and repair serum biomarker 
pattern: association to clinical outcomes in COPD. Respir Res. 2012; 13:71. [PubMed: 22906131] 

18. Moy ML, Teylan M, Danilack VA, Gagnon DR, Garshick E. An index of daily step count and 
systemic inflammation predicts clinical outcomes in chronic obstructive pulmonary disease. 
Annals of the American Thoracic Society. 2014; 11:149–57. [PubMed: 24308588] 

19. Ng TP, Niti M, Tan WC, Cao Z, Ong KC, Eng P. Depressive symptoms and chronic obstructive 
pulmonary disease: effect on mortality, hospital readmission, symptom burden, functional status, 
and quality of life. Archives of internal medicine. 2007; 167:60–7. [PubMed: 17210879] 

20. de Voogd JN, Wempe JB, Koeter GH, Postema K, van Sonderen E, Ranchor AV, Coyne JC, 
Sanderman R. Depressive symptoms as predictors of mortality in patients with COPD. Chest. 
2009; 135:619–25. [PubMed: 19029432] 

21. Blumenthal JA, Emery CF, Smith PJ, Keefe FJ, Welty-Wolf K, Mabe S, Martinu T, Johnson JJ, 
Babyak MA, O’Hayer VF, Diaz PT, Durheim M, Baucom D, Palmer SM. The effects of a 
telehealth coping skills intervention on outcomes in chronic obstructive pulmonary disease: 
primary results from the INSPIRE-II study. Psychosomatic medicine. 2014; 76:581–92. [PubMed: 
25251888] 

22. Blumenthal JA, Keefe FJ, Babyak MA, Fenwick CV, Johnson JM, Stott K, Funk RK, McAdams 
MJ, Palmer S, Martinu T, Baucom D, Diaz PT, Emery CF. Caregiver-assisted coping skills 
training for patients with COPD: background, design, and methodological issues for the INSPIRE-
II study. Clin Trials. 2009; 6:172–84. [PubMed: 19342470] 

23. Han MK, Muellerova H, Curran-Everett D, Dransfield MT, Washko GR, Regan EA, Bowler RP, 
Beaty TH, Hokanson JE, Lynch DA, Jones PW, Anzueto A, Martinez FJ, Crapo JD, Silverman 
EK, Make BJ. GOLD 2011 disease severity classification in COPDGene: a prospective cohort 
study. Lancet Respir Med. 2013; 1:43–50. [PubMed: 24321803] 

24. Lange P, Marott JL, Vestbo J, Olsen KR, Ingebrigtsen TS, Dahl M, Nordestgaard BG. Prediction 
of the clinical course of chronic obstructive pulmonary disease, using the new GOLD 
classification: a study of the general population. Am J Respir Crit Care Med. 2012; 186:975–81. 
[PubMed: 22997207] 

25. Johannessen A, Nilsen RM, Storebo M, Gulsvik A, Eagan T, Bakke P. Comparison of 2011 and 
2007 Global Initiative for Chronic Obstructive Lung Disease guidelines for predicting mortality 
and hospitalization. Am J Respir Crit Care Med. 2013; 188:51–9. [PubMed: 23590268] 

Blumenthal et al. Page 12

Psychosom Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Soriano JB, Alfageme I, Almagro P, Casanova C, Esteban C, Soler-Cataluna JJ, de Torres JP, 
Martinez-Camblor P, Miravitlles M, Celli BR, Marin JM. Distribution and Prognostic Validity of 
the New Global Initiative for Chronic Obstructive Lung Disease Grading Classification. Chest. 
2013; 143:694–702. [PubMed: 23187891] 

27. Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi R, Coates A, van der Grinten 
CP, Gustafsson P, Hankinson J, Jensen R, Johnson DC, MacIntyre N, McKay R, Miller MR, 
Navajas D, Pedersen OF, Wanger J. Interpretative strategies for lung function tests. Eur Respir J. 
2005; 26:948–68. [PubMed: 16264058] 

28. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care Med. 2002; 
166:111–7. [PubMed: 12091180] 

29. Jones PW, Quirk FH, Baveystock CM. The St. George’s Respiratory Questionnaire. 1991:25–31.

30. Beck, AT.; Steer, RA.; Brown, GK. Beck Depression Inventory Manual. San Antonio, TX: The 
Psychological Corporation; 1996. 

31. Napolitano MA, Babyak MA, Palmer S, Tapson V, Davis RD, Blumenthal JA, Investigators I. 
Effects of a telephone-based psychosocial intervention for patients awaiting lung transplantation. 
Chest. 2002; 122:1176–84. [PubMed: 12377839] 

32. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic 
comorbidity in longitudinal studies: development and validation. J ChronicDis. 1987; 40:373–83.

33. Lipsey, MW.; Wilson, DB. Practical meta-analysis. Sage publications; Thousand Oaks, CA: 2001. 

34. Steyerberg EW, Eijkemans MJ, Harrell FE Jr, Habbema JD. Prognostic modeling with logistic 
regression analysis: in search of a sensible strategy in small data sets. Medical decision making: an 
international journal of the Society for Medical Decision Making. 2001; 21:45–56. [PubMed: 
11206946] 

35. Harrell, FE. Regression Modeling Strategies: With applications to linear modeling, logistic 
regression, and survival analysis. New York: Springer; 2001. 

36. Celli BR, Snider GL, Heffner J, Tiep B, Ziment I, Make B, Braman D, Olsen G, Phillips Y, Stoller 
J, Bascom R, Burrows B, Pingleton S, Millman R, Fisher E, Dillard T, Littner M, Hudson L, 
Matthay R, Ford GT, Locicero J, Matthay M, Zibrak J, Carter R, Hoffman L, Fletcher E, Hess D, 
Pierson D, Tietsort J, Emory C, Horve D, Mahler D, Muselman C, Nield M, Ries A. Standards for 
the Diagnosis and Care of Patients with Chronic Obstructive Pulmonary-Disease. Am J Respir Crit 
Care Med. 1995; 152:S77–S121. [PubMed: 7582322] 

37. Waschki B, Spruit MA, Watz H, Albert PS, Shrikrishna D, Groenen M, Smith C, Man WDC, Tal-
Singer R, Edwards LD, Calverley PMA, Magnussen H, Polkey MI, Wouters EFM. Physical 
activity monitoring in COPD: compliance and associations with clinical characteristics in a 
multicenter study. Respir Med. 2012; 106:522–30. [PubMed: 22118987] 

38. Nishimura K, Izumi T, Tsukino M, Oga T. Dyspnea is a better predictor of 5-year survival than 
airway obstruction in patients with COPD. Chest. 2002; 121:1434–40. [PubMed: 12006425] 

39. Fan VS, Ramsey SD, Giardino ND, Make BJ, Emery CF, Diaz PT, Benditt JO, Mosenifar Z, 
McKenna R Jr, Curtis JL, Fishman AP, Martinez FJ. Sex, depression, and risk of hospitalization 
and mortality in chronic obstructive pulmonary disease. Archives of internal medicine. 2007; 
167:2345–53. [PubMed: 18039994] 

40. Fan VS, Curtis JR, Tu SP, McDonell MB, Fihn SD. Using Quality of Life to Predict 
Hospitalization and Mortality in Patients With Obstructive Lung Diseases*. Chest. 2002; 122:429–
36. [PubMed: 12171813] 

41. Takigawa N, Tada A, Soda R, Date H, Yamashita M, Endo S, Takahashi S, Kawata N, Shibayama 
T, Hamada N, Sakaguchi M, Hirano A, Kimura G, Okada C, Takahashi K. Distance and oxygen 
desaturation in 6-min walk test predict prognosis in COPD patients. Respir Med. 2007; 101:561–7. 
[PubMed: 16899358] 

42. Dahl M, Vestbo J, Lange P, Bojesen SE, Tybjaerg-Hansen A, Nordestgaard BG. C-reactive protein 
as a predictor of prognosis in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 
2007; 175:250–5. [PubMed: 17053205] 

43. Pinto-Plata VM, Mullerova H, Toso JF, Feudjo-Tepie M, Soriano JB, Vessey RS, Celli BR. C-
reactive protein in patients with COPD, control smokers and non-smokers. Thorax. 2006; 61:23–8. 
[PubMed: 16143583] 

Blumenthal et al. Page 13

Psychosom Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



44. Man SF, Connett JE, Anthonisen NR, Wise RA, Tashkin DP, Sin DD. C-reactive protein and 
mortality in mild to moderate chronic obstructive pulmonary disease. Thorax. 2006; 61:849–53. 
[PubMed: 16738034] 

45. Vestbo J, Anderson W, Coxson HO, Crim C, Dawber F, Edwards L, Hagan G, Knobil K, Lomas 
DA, MacNee W, Silverman EK, Tal-Singer R. investigators E. Evaluation of COPD 
Longitudinally to Identify Predictive Surrogate End-points (ECLIPSE). Eur Respir J. 2008; 
31:869–73. [PubMed: 18216052] 

46. Hurst JR, Vestbo J, Anzueto A, Locantore N, Müllerova H, Tal-Singer R, Miller B, Lomas DA, 
Agusti A, MacNee W, Calverley P, Rennard S, Wouters EFM, Wedzicha JA. Susceptibility to 
Exacerbation in Chronic Obstructive Pulmonary Disease. New England Journal of Medicine. 
2010; 363:1128–38. [PubMed: 20843247] 

47. Mullerova H, Maselli DJ, Locantore N, Vestbo J, Hurst JR, Wedzicha JA, Bakke P, Agusti A, 
Anzueto A, Investigators E, Ivanov Y, Kostov K, Bourbeau J, Fitzgerald M, Hernandez P, Killian 
K, Levy R, Maltais F, Donnell OD, Krepelka J, Vestbo J, Wouters EFM, Quinn D, Bakke P, 
Kosnik M, Agusti A, Feschenko Y, Gavrisyuk V, Yashina L, MacNee W, Singh SD, Wedzicha J, 
Anzueto A, Braman S, Casaburi R, Celli B, Giessel G, Gotfried M, Greenwald G, Hanania N, 
Mahler D, Make B, Rennard S, Rochester C, Scanlon P, Schuller D, Sciurba F, Sharafkhaneh A, 
Siler T, Silverman E, Wanner A, Wise R, Zu Wallack R, Bakke P, Coxson H, Edwards L, Lomas 
D, MacNee W, Silverman E, Tal-Singer R, Vestbo J, Yates J, Agusti A, Calverley P, Celli B, Crim 
C, Miller B, MacNee W, Rennard S, Tal-Singer R, Wouters E. Hospitalized Exacerbations of 
COPD: Risk Factors and Outcomes in the ECLIPSE Cohort. Chest. 2015; 147:999–1007. 
[PubMed: 25356881] 

48. Spruit MA, Watkins ML, Edwards LD, Vestbo J, Calverley PMA, Pinto-Plata V, Celli BR, Tal-
Singer R, Wouters EFM. Evaluation of CLtIPSEsi. Determinants of poor 6-min walking distance 
in patients with COPD: the ECLIPSE cohort. Respir Med. 2010; 104:849–57. [PubMed: 
20471236] 

49. Hanania NA, Mullerova H, Locantore NW, Vestbo J, Watkins ML, Wouters EF, Rennard SI, 
Sharafkhaneh A. Evaluation of CLtIPSEsi. . Determinants of depression in the ECLIPSE chronic 
obstructive pulmonary disease cohort. Am J Respir Crit Care Med. 2011; 183:604–11. [PubMed: 
20889909] 

50. Lange P, Marott JL, Vestbo J, Olsen KR, Ingebrigtsen TS, Dahl M, Nordestgaard BG. Prediction 
of the clinical course of chronic obstructive pulmonary disease, using the new GOLD 
classification: a study of the general population. American journal of respiratory and critical care 
medicine. 2012; 186:975–81. [PubMed: 22997207] 

51. Durheim MSP, Babyak MA, Mabe SK, Martinu T, Welty-Wolf KE, Emery CF, Palmer SM, 
Blumenthal JA. Six-Minute Walk Distance and Accelerometry Predict Outcomes in COPD 
Independent of GOLD 2011 Group. Annals ATS. 2015

52. Casanova C, Cote C, Marin JM, Pinto-Plata V, de Torres JP, Aguirre-Jaime A, Vassaux C, Celli 
BR. Distance and oxygen desaturation during the 6-min walk test as predictors of long-term 
mortality in patients with COPD. Chest. 2008; 134:746–52. [PubMed: 18625667] 

53. Cote CG, Pinto-Plata V, Kasprzyk K, Dordelly LJ, Celli BR. The 6-min walk distance, peak 
oxygen uptake, and mortality in COPD. Chest. 2007; 132:1778–85. [PubMed: 17925409] 

54. Pinto-Plata VM, Cote C, Cabral H, Taylor J, Celli BR. The 6-min walk distance: change over time 
and value as a predictor of survival in severe COPD. Eur Respir J. 2004; 23:28–33. [PubMed: 
14738227] 

55. Cote CG, Casanova C, Marin JM, Lopez MV, Pinto-Plata V, de Oca MM, Dordelly LJ, Nekach H, 
Celli BR. Validation and comparison of reference equations for the 6-min walk distance test. Eur 
Respir J. 2008; 31:571–8. [PubMed: 17989117] 

56. Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Anto JM. Regular physical activity reduces 
hospital admission and mortality in chronic obstructive pulmonary disease: a population based 
cohort study. Thorax. 2006; 61:772–8. [PubMed: 16738033] 

57. Steele BG, Holt L, Belza B, Ferris S, Lakshminaryan S, Buchner DM. Quantitating physical 
activity in COPD using a triaxial accelerometer. Chest. 2000; 117:1359–67. [PubMed: 10807823] 

Blumenthal et al. Page 14

Psychosom Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



58. Van Remoortel H, Hornikx M, Demeyer H, Langer D, Burtin C, Decramer M, Gosselink R, 
Janssens W, Troosters T. Daily physical activity in subjects with newly diagnosed COPD. Thorax. 
2013; 68:962–3. [PubMed: 23604460] 

59. Jehn M, Schmidt-Trucksass A, Meyer A, Schindler C, Tamm M, Stolz D. Association of daily 
physical activity volume and intensity with COPD severity. Respir Med. 2011; 105:1846–52. 
[PubMed: 21803556] 

60. Jehn M, Schindler C, Meyer A, Tamm M, Schmidt-Trucksass A, Stolz D. Daily walking intensity 
as a predictor of quality of life in patients with chronic obstructive pulmonary disease. Medicine 
and science in sports and exercise. 2012; 44:1212–8. [PubMed: 22293866] 

61. Moy ML, Teylan M, Weston NA, Gagnon DR, Garshick E. Daily step count predicts acute 
exacerbations in a US cohort with COPD. PLoS One. 2013; 8:e60400. [PubMed: 23593211] 

62. Waschki B, Kirsten A, Holz O, Muller KC, Meyer T, Watz H, Magnussen H. Physical activity is 
the strongest predictor of all-cause mortality in patients with COPD: a prospective cohort study. 
Chest. 2011; 140:331–42. [PubMed: 21273294] 

63. Ries AL, Kaplan RM, Limberg TM, Prewitt LM. Effects of pulmonary rehabilitation on 
physiologic and psychosocial outcomes in patients with chronic obstructive pulmonary disease. 
AnnInternMed. 1995; 122:823–32.

64. Griffiths TL, Burr ML, Campbell IA, Lewis-Jenkins V, Mullins J, Shiels K, Turner-Lawlor PJ, 
Payne N, Newcombe RG, Ionescu AA, Thomas J, Tunbridge J. Results at 1 year of outpatient 
multidisciplinary pulmonary rehabilitation: a randomised controlled trial. Lancet. 2000; 355:362–
8. [PubMed: 10665556] 

65. Seymour JM, Moore L, Jolley CJ, Ward K, Creasey J, Steier JS, Yung B, Man WD, Hart N, 
Polkey MI, Moxham J. Outpatient pulmonary rehabilitation following acute exacerbations of 
COPD. Thorax. 2010; 65:423–8. [PubMed: 20435864] 

66. Guell R, Casan P, Belda J, Sangenis M, Morante F, Guyatt GH, Sanchis J. Long-term effects of 
outpatient rehabilitation of COPD: A randomized trial. Chest. 2000; 117:976–83. [PubMed: 
10767227] 

67. Jones PW, Brusselle G, Dal Negro RW, Ferrer M, Kardos P, Levy ML, Perez T, Soler Cataluna JJ, 
van der Molen T, Adamek L, Banik N. Properties of the COPD assessment test in a cross-sectional 
European study. Eur Respir J. 2011; 38:29–35. [PubMed: 21565915] 

Blumenthal et al. Page 15

Psychosom Med. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Blumenthal et al. Page 16

Table 1

Demographic characteristics of study sample stratified by the presence of an event during the follow-up time 

period.

Variable Full Cohort (n = 326) No Event (Censored) n = 257) Event (n = 69) P-value

Age** 66.1 (8.3) 65.4 (8.3) 68.6 (8.0) .005

Sex (% Female) 127 (39%) 98 (38%) 29 (42%) .556

Caucasian, n (%) 285 (87%) 225 (88%) 60 (87%) .895

Duration of COPD** 5.4 (3.8) 5.0 (3.7) 7.1 (3.7) <.001

Smoker

 Current† 58 (18%) 51 (20%) 7 (10%) .061

 Former 253 (78%) 197 (77%) 56 (81%) .425

 Never† 15 (5%) 9 (4%) 6 (9%) .068

FEV1, % predicted** 45.3 (16.7) 47.7 (16.6) 36.5 (14.5) <.001

SSRI medication 63 (19%) 45 (17%) 18 (26%) .127

Other depression medication 34 (10%) 24 (9%) 10 (14%) .235

Inhaled Corticosteroid 220 (67%) 170 (66%) 50 (72%) .320

Prednisone** 32 (10%) 18 (7%) 14 (20%) .001

Supplemental Oxygen (Y/N)** 119 (37%) 74 (29%) 45 (66%) <.001

Charlson Comorbidity Index 2.5 (2.2) 2.5 (2.2) 2.4 (2.2) .733

  Hx of heart failure 13 (4%) 10 (4%) 2 (4%) .948

  Hx of heart disease 53 (16%) 45 (18%) 8 (12%) .232

  Hx of stroke 26 (8%) 21 (8%) 5 (7%) .801

  Hx of diabetes 56 (17%) 41 (16%) 15 (22%) .126

GOLD Index (A=0, B=1, C=2, D=3)** 2.15 (1.1) 2.02 (1.1) 2.58 (0.8) .001

Note: FEV1 = forced expiratory volume; GOLD = Global initiative for chronic Obstructive Lung Disease. Some percentages may sum to >100% 

due to rounding.
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