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in one study consisted of individuals who were referred for

pulmonary function testing at the critical care unit of a
large general hospital (Pollack et al., 1996). In addition, 13

(87%) studies included samples of individuals whose

asthma (or other chronic airflow disorder) was verifiable in
that it either had been diagnosed previously by a health

care professional or had been established via a pulmonary

function test; whereas, this information was obtained via
self-report in the two epidemiological studies mentioned

above. Finally, all but one study (i.e., Carr et al., 1994)
ascertained the presence of anxiety disorders using some

form of structured clinical or diagnostic interview. Overall,

there was considerable uniformity across studies regarding
design, participant recruitment, and methodological

characteristics.

In addition to providing the actual prevalence estimates
(number and percent) derived from each of the 15 studies

in this review, the Appendix also indicates the interval of

anxiety disorder assessment. Estimates contained in the 15
studies reflect current or lifetime conditions, with eight of

the studies concerned with current anxiety disorders. The

time interval defining what was meant by ‘‘current’’ was
generally defined as ‘‘the time of the study.’’

Prevalence estimates were determined by aggregating

data reported in both the controlled and uncontrolled
studies to capitalize on the combined participant pool.

These estimates (according to either fixed or random

effects models, depending on homogeneity estimates), the
upper and lower estimates, Cochran’s Q estimates, and

corresponding 95% confidence intervals, are presented in

Table 2. These rates should be viewed cautiously, because
they do not adjust for other factors (e.g., gender, method of

anxiety assessment, and whether current or lifetime anxiety

disorder was assessed) that may affect prevalence
estimates.

As shown in Table 2, the average proportion of adult

asthma patients who have any anxiety disorder is .34, and
the 95% confidence interval is .23–.44. This value is based

on a random effects model in view of the inconsistency

across studies (Q = 42.54, p \ .0001). Other aggregate
prevalence estimates that, owing to heterogeneity between

studies, were based on random effects models included

specific phobia (.10, 95% CI .04–.18), panic attacks (.25,
95% CI .14–.38), agoraphobia without panic disorder (.12,

95% CI .06–.21), and GAD (.09, 95% CI = .04–.16).
Prevalence estimates that, owing to homogeneity between

studies (i.e., nonsignificant Q values) were aggregated in

accordance with fixed effects assumptions included social
phobia (.07, 95% CI .05–.09), panic disorder with or

without agoraphobia (.12, 95% CI .10–.15), and PTSD (.06,

95% CI .04–.09).
To further examine the findings, sensitivity analyses

were performed whereby each study was excluded and the

weighted aggregate prevalence estimates were recalcu-
lated. The lower and upper ends of these sensitivity

estimates, presented in the right hand portion of Table 2,

reveal that the aggregate estimates are modestly influenced
by which studies are included in the analyses. Specifically,

the estimate for any anxiety disorder varies from .31 to .36,

depending on which study is excluded from the aggregate
computation. The estimate for specific phobia is mildly

sensitive to which study is excluded (ranging from .07 to

.13), as are the estimates for panic attacks (.21–.30), ago-
raphobia (.10–.15), and GAD (.07–.11). Thus, these

sensitivity estimates suggest that relying on exact aggre-

gated prevalence estimates may not be risky to the extent
that studies have been omitted or new studies added

because prevalence estimates do not appear to be appre-

ciably affected by adding or removing individual studies.
In sum, the estimates of prevalence are stable and reliable.

Table 2 Current and lifetime aggregate prevalence of anxiety disorders among adults with asthma

Anxiety disordera Number of
studies

Range of estimates
lower/upper

Weighted
average

Cochran’s Q 95% CI
lower/upper

Sensitivity
lower/upper

Any anxiety disorder 8 .16/.59 .34 (R) 42.54, p \ .0001 .23–.44 .31–.36

Specific phobia 6 .02/.29 .10 (R) 16.27, p \ .0006 .04–.18 .07–.13

Social phobia 6 .04/.13 .07 (F) 6.28, p = .28 .05–.09 .06–.08

PD w/wo AGOR 11 .07/.24 .12 (F) 13.46, p = .19 .10–.15 .11–.13

Panic attacks 5 .08/.40 .25 (R) 61.85, p \ .0001 .14–.38 .21–.30

AGOR w/o PD 6 .02/.26 .12 (R) 24.36, p \ .0002 .06–.21 .10–.15

GAD 7 .00/.24 .09 (R) 42.15, p \ .0001 .04–.16 .07–.11

PTSD 5 .01/.18 .06 (F) 9.07, p = .06 .04–.09 .05–.08

Note. F = fixed effects model; R = random effects model; PD = panic disorder; AGOR = agoraphobia; GAD = generalized anxiety disorder;
OCD = obsessive-compulsive disorder; PTSD = posttraumatic stress disorder
a Because only one study provided prevalence data for OCD, the aggregate prevalence of this disorder was not estimated
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Abstract Research estimating the comorbidity of asthma
and anxiety disorders has produced highly disparate find-

ings and little consensus. This study is a meta-analytic

review of data from 15 independent studies of the co-
occurrence of adult asthma and anxiety disorders and was

conducted to provide more precise comorbidity estimates.

Aggregating across studies, the average prevalence of any
anxiety disorder among adults with asthma was 34%,

indicating a strong relationship between the two conditions

in general. More specifically, the prevalence of panic
attacks (25%), panic disorder (12%), agoraphobia (12%),

and generalized anxiety disorder (9%) were considerably

higher among adults with asthma than in the general pop-
ulation. However, additional analyses yielded prevalence

estimates for specific phobia (10%), social phobia (7%) and

posttraumatic stress disorder (6%) comparable to or lower
than rates observed in the population at large. Attention to

psychiatric symptoms should be a crucial component of

asthma management, as anxiety disorders appear to be
highly prevalent among persons with asthma and may be

associated with increased asthma morbidity.

Keywords Asthma ! Respiratory disorders !
Anxiety disorders ! Psychiatric comorbidity

Asthma has been long regarded a psychosomatic disorder in

which psychological variables play a crucial role in the

onset and exacerbation of airway obstruction (Alexander,
1950; Dunbar, 1938; French & Alexander, 1941; Luparello,

Lyons, Bleeker, & McFadden, 1968; Moran, 1991;

Sodergren & Hyland, 1999; Wilson & Mintz, 1989). There
is now substantial evidence that emotional factors such as

stress, negative moods, and hostility can both initiate and

worsen asthma symptomatology (Lehrer, Isenberg, & Ho-
chron, 1993; Mrazek & Klinnert, 1996; Rumback, Kelso,

Arheart, & Self, 1993; Smyth, Soefer, Hurewitz, Kliment,

& Stone, 1999; Weiner, 1987). In addition, studies using
cross sections of both clinical and epidemiological samples

have indicated that persons with asthma and other respira-

tory disorders exhibit greater psychiatric comorbidity than
do individuals without such medical conditions (Afari,

Schmaling, Barnhart, & Buchwald, 2001; Brown, Khan, &

Mahadi, 2000; Carr, Lehrer, Rausch, & Hochron, 1994;
Goethe, Maljanian, Wolf, Hernandez, & Cabrera, 2001;

Goodwin, Jacobi, & Thefeld, 2003; Kashani, Konig,

Sheppard, Wilfley, & Morris, 1988; Nascimento et al.,
2002; Yellowlees, Alpers, Bowden, Bryant, & Ruffin,

1987). In particular, several investigations have established
a link between asthma and panic disorder (e.g., Brown et

al., 2000; Carr et al., 1994; Goodwin et al., 2003), an

anxiety disorder characterized by recurrent and unexpected
panic attacks (American Psychiatric Association [APA],

2000). In a qualitative review of 12 cross-sectional studies

of adult populations, Katon, Richardson, Lozano, and
McCauley (2004) reported comorbidity rates of asthma

and panic disorder ranging from 6.5 to 24%. These prev-

alence rates, despite their heterogeneity, nevertheless are
higher than the 4.7% lifetime prevalence rate of panic

disorder observed in the general population (Kessler et al.,

2005).
Although panic disorder has been the primary clinical

focus of most studies concerning asthma and its psychiatric
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comorbidity, several investigations also have examined the

co-occurrence of asthma and other anxiety disorders. These
studies have reported considerably disparate comorbidity

estimates, thereby illustrating that the relationship between

asthma and anxiety disorders is, at best, equivocal. Among
adults, observed comorbidity rates range from 2 to 28% for

specific phobias (Davis, Ross, & McDonald, 2002 and

Brown et al., 2000, respectively), 4–13% for social phobia
(Afari et al., 2001 and Brown et al., 2000, respectively),

0–24.4% for generalized anxiety disorder (Brown et al.,

2000 and Nascimento et al., 2002, respectively), and 2–8%
for posttraumatic stress disorder (Perna, Bertani, Politi,

Colombo, & Bellodi, 1997 and Yellowlees, Haynes, Potts,

& Ruffin, 1988, respectively). The reasons underlying the
discrepancies in these studies are several and have been

described in detail by others. Briefly, they include self-

reported asthma status, differences in specific clinical
populations and methods of measurement, small and non-

representative samples, selection bias, and failure to control

for potentially confounding variables such as smoking and
use of asthma medications (Davis et al., 2002; Katon et al.,

2004; Van Peski-Oosterbaan, Spinhoven, Van der Does,

Willems, & Sterk, 1995).
From a clinical perspective, these inconsistencies offer

little practical guidance for providing optimal health care for

persons with asthma. Proper diagnostic identification and
effective treatment of comorbid anxiety disorders among

persons with asthma may help improve the management of
the disease. For example, some patients with asthma fail to

recognize the symptoms while experiencing an asthma

attack, and some perceive the symptoms in the absence of
real airway obstruction (e.g., Boulet, Deschesnes, Turcotte,

& Gignac, 1991; Fritz, Klein, & Overholser, 1990; Rietveld

& Brosschot, 1999; Rubinfeld & Pain, 1976; Yoos &
McMullen, 1999). Because the cognitive elements (e.g.,

intense worry, apprehension, terror) of an asthma attack,

depending upon its severity, are similar to those accompa-
nying many anxiety disorders, asthma patients who

chronically ‘‘over-perceive’’ symptoms would be expected

to have greater opportunity to experience cognitive reactions
that could lead to severe anxiety and panic. As a result, these

patients may exhibit a higher incidence of anxiety disorders

than that observed in the general population. Further, asthma
patients who tend to ‘‘under-perceive’’ symptoms and who

are aware that they have an anxiety disorder may misper-

ceive genuine asthma symptoms as symptoms of routine
anxiety. Such inaccuracies in symptom perception could

have especially deleterious health and self-management

consequences. Studies of both children and adults with
asthma have established a link between perceptual inaccu-

racy in asthma symptomatology and inadequate use of

medication, excessive health care utilization, poor ast-
hma management, and mortality (Lane, 2006; Rietveld &

Brosschot, 1999). Thus, it is crucial to ascertain more pre-

cisely the relationship between asthma and anxiety
disorders.

The following meta-analysis was conducted to estimate

the magnitude of the aggregated prevalence of anxiety
disorders among adult asthma patients over the last two

decades of research. Meta-analysis is a family of tech-

niques for quantitatively summarizing a research literature
and is particularly useful when, as in the case of the

comorbidity of asthma and anxiety disorders, extant

research findings differ to an extent that a qualitative
review of the literature might fail to empirically clarify the

essential nature of a hypothesized relationship. Although a

quantitative approach to understanding the relationship
between asthma and anxiety disorders does not remedy the

methodological and measurement problems in the original

studies, such an approach nevertheless has the advantage of
narrowing the probable range of variance in the estimates.

To date, no attempt has been made to summarize the

available literature quantitatively; therefore, a meta-ana-
lytic approach to the data is timely and appropriate. This

method was applied to each of the following anxiety dis-

order classifications: any anxiety disorder, specific phobia,
social phobia, panic disorder with or without agoraphobia,

panic attacks, agoraphobia without panic disorder, gen-

eralized anxiety disorder (GAD), and posttraumatic stress
disorder (PTSD).1

Method

Selection of Studies

Studies considered for this review included all of those in
the narrative review by Katon et al. (2004), plus any

additional studies that were identified by searching the

PsycLit, PsycINFO, and MEDLINE databases for the
period 1986–2006. The search strategy used several com-

binations of the following keywords: asthma, anxiety
disorders, panic disorder, panic attacks, psychiatric dis-
orders, prevalence rates, comorbidity, meta-analysis, and

review. In screening studies, several adoption criteria were

established to identify those of sufficient quality to warrant
further review. Specifically, each study had to: (a) include

all, or mostly, adults with asthma as the baseline sample;

(b) assess the prevalence of anxiety disorders by using a

1 As shown in the Appendix, only one study included in this review
measured and reported the prevalence of obsessive-compulsive
disorder (OCD). Hence, OCD was not subjected to meta-analytic
review.
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large general hospital (Pollack et al., 1996). In addition, 13
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asthma (or other chronic airflow disorder) was verifiable in
that it either had been diagnosed previously by a health

care professional or had been established via a pulmonary

function test; whereas, this information was obtained via
self-report in the two epidemiological studies mentioned

above. Finally, all but one study (i.e., Carr et al., 1994)
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form of structured clinical or diagnostic interview. Overall,
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design, participant recruitment, and methodological

characteristics.

In addition to providing the actual prevalence estimates
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Prevalence estimates were determined by aggregating

data reported in both the controlled and uncontrolled
studies to capitalize on the combined participant pool.

These estimates (according to either fixed or random

effects models, depending on homogeneity estimates), the
upper and lower estimates, Cochran’s Q estimates, and

corresponding 95% confidence intervals, are presented in

Table 2. These rates should be viewed cautiously, because
they do not adjust for other factors (e.g., gender, method of

anxiety assessment, and whether current or lifetime anxiety

disorder was assessed) that may affect prevalence
estimates.

As shown in Table 2, the average proportion of adult

asthma patients who have any anxiety disorder is .34, and
the 95% confidence interval is .23–.44. This value is based

on a random effects model in view of the inconsistency

across studies (Q = 42.54, p \ .0001). Other aggregate
prevalence estimates that, owing to heterogeneity between

studies, were based on random effects models included

specific phobia (.10, 95% CI .04–.18), panic attacks (.25,
95% CI .14–.38), agoraphobia without panic disorder (.12,

95% CI .06–.21), and GAD (.09, 95% CI = .04–.16).
Prevalence estimates that, owing to homogeneity between

studies (i.e., nonsignificant Q values) were aggregated in

accordance with fixed effects assumptions included social
phobia (.07, 95% CI .05–.09), panic disorder with or

without agoraphobia (.12, 95% CI .10–.15), and PTSD (.06,

95% CI .04–.09).
To further examine the findings, sensitivity analyses

were performed whereby each study was excluded and the

weighted aggregate prevalence estimates were recalcu-
lated. The lower and upper ends of these sensitivity

estimates, presented in the right hand portion of Table 2,

reveal that the aggregate estimates are modestly influenced
by which studies are included in the analyses. Specifically,

the estimate for any anxiety disorder varies from .31 to .36,

depending on which study is excluded from the aggregate
computation. The estimate for specific phobia is mildly

sensitive to which study is excluded (ranging from .07 to

.13), as are the estimates for panic attacks (.21–.30), ago-
raphobia (.10–.15), and GAD (.07–.11). Thus, these

sensitivity estimates suggest that relying on exact aggre-

gated prevalence estimates may not be risky to the extent
that studies have been omitted or new studies added

because prevalence estimates do not appear to be appre-

ciably affected by adding or removing individual studies.
In sum, the estimates of prevalence are stable and reliable.

Table 2 Current and lifetime aggregate prevalence of anxiety disorders among adults with asthma

Anxiety disordera Number of
studies

Range of estimates
lower/upper

Weighted
average

Cochran’s Q 95% CI
lower/upper

Sensitivity
lower/upper

Any anxiety disorder 8 .16/.59 .34 (R) 42.54, p \ .0001 .23–.44 .31–.36

Specific phobia 6 .02/.29 .10 (R) 16.27, p \ .0006 .04–.18 .07–.13

Social phobia 6 .04/.13 .07 (F) 6.28, p = .28 .05–.09 .06–.08

PD w/wo AGOR 11 .07/.24 .12 (F) 13.46, p = .19 .10–.15 .11–.13

Panic attacks 5 .08/.40 .25 (R) 61.85, p \ .0001 .14–.38 .21–.30

AGOR w/o PD 6 .02/.26 .12 (R) 24.36, p \ .0002 .06–.21 .10–.15

GAD 7 .00/.24 .09 (R) 42.15, p \ .0001 .04–.16 .07–.11

PTSD 5 .01/.18 .06 (F) 9.07, p = .06 .04–.09 .05–.08

Note. F = fixed effects model; R = random effects model; PD = panic disorder; AGOR = agoraphobia; GAD = generalized anxiety disorder;
OCD = obsessive-compulsive disorder; PTSD = posttraumatic stress disorder
a Because only one study provided prevalence data for OCD, the aggregate prevalence of this disorder was not estimated
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ings and little consensus. This study is a meta-analytic

review of data from 15 independent studies of the co-
occurrence of adult asthma and anxiety disorders and was

conducted to provide more precise comorbidity estimates.

Aggregating across studies, the average prevalence of any
anxiety disorder among adults with asthma was 34%,

indicating a strong relationship between the two conditions

in general. More specifically, the prevalence of panic
attacks (25%), panic disorder (12%), agoraphobia (12%),

and generalized anxiety disorder (9%) were considerably

higher among adults with asthma than in the general pop-
ulation. However, additional analyses yielded prevalence

estimates for specific phobia (10%), social phobia (7%) and

posttraumatic stress disorder (6%) comparable to or lower
than rates observed in the population at large. Attention to

psychiatric symptoms should be a crucial component of

asthma management, as anxiety disorders appear to be
highly prevalent among persons with asthma and may be

associated with increased asthma morbidity.
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Asthma has been long regarded a psychosomatic disorder in

which psychological variables play a crucial role in the

onset and exacerbation of airway obstruction (Alexander,
1950; Dunbar, 1938; French & Alexander, 1941; Luparello,

Lyons, Bleeker, & McFadden, 1968; Moran, 1991;

Sodergren & Hyland, 1999; Wilson & Mintz, 1989). There
is now substantial evidence that emotional factors such as

stress, negative moods, and hostility can both initiate and

worsen asthma symptomatology (Lehrer, Isenberg, & Ho-
chron, 1993; Mrazek & Klinnert, 1996; Rumback, Kelso,

Arheart, & Self, 1993; Smyth, Soefer, Hurewitz, Kliment,

& Stone, 1999; Weiner, 1987). In addition, studies using
cross sections of both clinical and epidemiological samples

have indicated that persons with asthma and other respira-

tory disorders exhibit greater psychiatric comorbidity than
do individuals without such medical conditions (Afari,

Schmaling, Barnhart, & Buchwald, 2001; Brown, Khan, &

Mahadi, 2000; Carr, Lehrer, Rausch, & Hochron, 1994;
Goethe, Maljanian, Wolf, Hernandez, & Cabrera, 2001;

Goodwin, Jacobi, & Thefeld, 2003; Kashani, Konig,

Sheppard, Wilfley, & Morris, 1988; Nascimento et al.,
2002; Yellowlees, Alpers, Bowden, Bryant, & Ruffin,

1987). In particular, several investigations have established
a link between asthma and panic disorder (e.g., Brown et

al., 2000; Carr et al., 1994; Goodwin et al., 2003), an

anxiety disorder characterized by recurrent and unexpected
panic attacks (American Psychiatric Association [APA],

2000). In a qualitative review of 12 cross-sectional studies

of adult populations, Katon, Richardson, Lozano, and
McCauley (2004) reported comorbidity rates of asthma

and panic disorder ranging from 6.5 to 24%. These prev-

alence rates, despite their heterogeneity, nevertheless are
higher than the 4.7% lifetime prevalence rate of panic

disorder observed in the general population (Kessler et al.,

2005).
Although panic disorder has been the primary clinical

focus of most studies concerning asthma and its psychiatric
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comorbidity, several investigations also have examined the

co-occurrence of asthma and other anxiety disorders. These
studies have reported considerably disparate comorbidity

estimates, thereby illustrating that the relationship between

asthma and anxiety disorders is, at best, equivocal. Among
adults, observed comorbidity rates range from 2 to 28% for

specific phobias (Davis, Ross, & McDonald, 2002 and

Brown et al., 2000, respectively), 4–13% for social phobia
(Afari et al., 2001 and Brown et al., 2000, respectively),

0–24.4% for generalized anxiety disorder (Brown et al.,

2000 and Nascimento et al., 2002, respectively), and 2–8%
for posttraumatic stress disorder (Perna, Bertani, Politi,

Colombo, & Bellodi, 1997 and Yellowlees, Haynes, Potts,

& Ruffin, 1988, respectively). The reasons underlying the
discrepancies in these studies are several and have been

described in detail by others. Briefly, they include self-

reported asthma status, differences in specific clinical
populations and methods of measurement, small and non-

representative samples, selection bias, and failure to control

for potentially confounding variables such as smoking and
use of asthma medications (Davis et al., 2002; Katon et al.,

2004; Van Peski-Oosterbaan, Spinhoven, Van der Does,

Willems, & Sterk, 1995).
From a clinical perspective, these inconsistencies offer

little practical guidance for providing optimal health care for

persons with asthma. Proper diagnostic identification and
effective treatment of comorbid anxiety disorders among

persons with asthma may help improve the management of
the disease. For example, some patients with asthma fail to

recognize the symptoms while experiencing an asthma

attack, and some perceive the symptoms in the absence of
real airway obstruction (e.g., Boulet, Deschesnes, Turcotte,

& Gignac, 1991; Fritz, Klein, & Overholser, 1990; Rietveld

& Brosschot, 1999; Rubinfeld & Pain, 1976; Yoos &
McMullen, 1999). Because the cognitive elements (e.g.,

intense worry, apprehension, terror) of an asthma attack,

depending upon its severity, are similar to those accompa-
nying many anxiety disorders, asthma patients who

chronically ‘‘over-perceive’’ symptoms would be expected

to have greater opportunity to experience cognitive reactions
that could lead to severe anxiety and panic. As a result, these

patients may exhibit a higher incidence of anxiety disorders

than that observed in the general population. Further, asthma
patients who tend to ‘‘under-perceive’’ symptoms and who

are aware that they have an anxiety disorder may misper-

ceive genuine asthma symptoms as symptoms of routine
anxiety. Such inaccuracies in symptom perception could

have especially deleterious health and self-management

consequences. Studies of both children and adults with
asthma have established a link between perceptual inaccu-

racy in asthma symptomatology and inadequate use of

medication, excessive health care utilization, poor ast-
hma management, and mortality (Lane, 2006; Rietveld &

Brosschot, 1999). Thus, it is crucial to ascertain more pre-

cisely the relationship between asthma and anxiety
disorders.

The following meta-analysis was conducted to estimate

the magnitude of the aggregated prevalence of anxiety
disorders among adult asthma patients over the last two

decades of research. Meta-analysis is a family of tech-

niques for quantitatively summarizing a research literature
and is particularly useful when, as in the case of the

comorbidity of asthma and anxiety disorders, extant

research findings differ to an extent that a qualitative
review of the literature might fail to empirically clarify the

essential nature of a hypothesized relationship. Although a

quantitative approach to understanding the relationship
between asthma and anxiety disorders does not remedy the

methodological and measurement problems in the original

studies, such an approach nevertheless has the advantage of
narrowing the probable range of variance in the estimates.

To date, no attempt has been made to summarize the

available literature quantitatively; therefore, a meta-ana-
lytic approach to the data is timely and appropriate. This

method was applied to each of the following anxiety dis-

order classifications: any anxiety disorder, specific phobia,
social phobia, panic disorder with or without agoraphobia,

panic attacks, agoraphobia without panic disorder, gen-

eralized anxiety disorder (GAD), and posttraumatic stress
disorder (PTSD).1

Method

Selection of Studies

Studies considered for this review included all of those in
the narrative review by Katon et al. (2004), plus any

additional studies that were identified by searching the

PsycLit, PsycINFO, and MEDLINE databases for the
period 1986–2006. The search strategy used several com-

binations of the following keywords: asthma, anxiety
disorders, panic disorder, panic attacks, psychiatric dis-
orders, prevalence rates, comorbidity, meta-analysis, and

review. In screening studies, several adoption criteria were

established to identify those of sufficient quality to warrant
further review. Specifically, each study had to: (a) include

all, or mostly, adults with asthma as the baseline sample;

(b) assess the prevalence of anxiety disorders by using a

1 As shown in the Appendix, only one study included in this review
measured and reported the prevalence of obsessive-compulsive
disorder (OCD). Hence, OCD was not subjected to meta-analytic
review.

298 J Clin Psychol Med Settings (2007) 14:297–307

123

Adultes

34%
10%

7%
12%
25%
12%

9%
6%



TABLE 1. Results of the Meta-Analyses

Odds ratios [95% CI]; Significance level

Comorbidities
Studies/
Datasets

Asthma
Patients Fixed Effects Random Effect I2

Cardiovascular 16 294,727 1.75 [1.72, 1.78]; P< 0.00001 1.90 [1.70, 2.14]; P< 0.00001 95%
Cerebrovascular 6 77,199 1.43 [1.38, 1.49]; P< 0.00001 1.44 [1.29, 1.60]; P< 0.00001 66%
Hypertension 7 83,625 1.60 [1.57, 1.63]; P< 0.00001 1.66 [1.47, 1.88]; P< 0.00001 92%
Diabetes mellitus 9 84,482 1.24 [1.21, 1.28]; P< 0.00001 1.25 [1.08, 1.44]; P< 0.00001 90%
Obesity 5 67,030 1.95 [1.81, 2.11]; P< 0.00001 1.51 [1.14, 2.01]; P< 0.00001 87%
Endocrine/metabolic 7 371,056 1.45 [1.42, 1.48]; P< 0.00001 1.60 [1.40, 1.83]; P< 0.00001 96%
Psychiatric and neurological 17 175,784 1.83 [1.78, 1.89]; P< 0.00001 1.62 [1.44, 1.82]; P< 0.00001 91%
Gastrointestinal and urinary 9 132,402 1.81 [1.71, 1.91]; P< 0.00001 1.91 [1.47, 2.49]; P< 0.00001 93%
Respiratory comorbidities 9 165,224 5.15 [5.07, 5.24]; P< 0.00001 5.60 [4.22, 7.44]; P< 0.00001 99%
Cancer 4 59,637 1.17 [1.10, 1.25]; P< 0.00001 1.17 [1.10, 1.25]; P< 0.00001 0%
Arthritis 4 34,550 2.17 [1.89, 2.48]; P< 0.00001 2.73 [0.96, 7.72]; P¼ 0.06 97%
Other diseases 11 69,747 1.67 [1.55, 1.81]; P< 0.00001 1.71 [1.49, 1.98]; P< 0.00001 61%

CI¼ confident interval.

FIGURE 5. Forest plots showing significantly higher prevalence of neurological and psychiatric comorbidities in asthma patients.
ANX¼ anxiety, COGN¼ cognitive impairment, DEM¼dementia, DEP¼depression, dis.¼disease/disorder.

FIGURE 6. Forest plots showing significantly higher prevalence of gastrointestinal and urinary comorbidities in asthma patients.
dis¼disease/disorder, GERD¼gastro-esophageal reflex disease.
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Prevalence of Comorbidities in Asthma and
Nonasthma Patients

A Meta-analysis

Xinming Su, MD, Yuan Ren, MM, Menglu Li, MM, Xuan Zhao, MM,
Lingfei Kong, MD, and Jian Kang, MD

Abstract: This study compares the prevalence rates of comorbidities
between asthma and nonasthma control patients reported in the
literature.

Literature was searched in several electronic databases. After the
selection of studies by following précised eligibility criteria, meta-
analyses of odds ratios were carried out with subgroup and sensitivity
analyses.

Eleven studies studying 117,548 asthma patients compared with
443,948 non-asthma controls were included in the meta-analysis. The
prevalence of cardiovascular comorbidities (odds ratio (OR): [95% CI]
1.90 [1.70, 2.14]; P< 0.00001), cerebrovascular comorbidities (OR
1.44 [1.29, 1.60]; P< 0.00001), obesity (OR 1.51 [1.14, 2.01];
P< 0.00001), hypertension (OR 1.66 [1.47, 1.88]; P< 0.00001, dia-
betes (OR 1.25 [1.08, 1.44]; P< 0.00001), other metabolic and endo-
crine comorbidities (OR 1.60 [1.40, 1.83]; P< 0.00001), psychiatric and
neurological comorbidities (OR 1.62 [1.44, 1.82]; P< 0.00001), gut and
urinary comorbidities (OR 1.91 [1.47, 2.49]; P< 0.00001),), cancer (OR
1.17 [1.10, 1.25]; P< 0.00001), and respiratory comorbidities (OR 5.60
[4.22, 7.44]; P< 0.00001) were significantly higher in the asthma
patients in comparison with nonasthma controls.

Asthma is associated with significantly higher comorbidities includ-
ing cardio-/cerebrovascular diseases, obesity, hypertension, diabetes,
psychiatric and neurological comorbidities, gut and urinary conditions,
cancer, and respiratory problems other than asthma. Respiratory comor-
bidities are found 5 times more prevalent in asthma than in non-asthma
patients.

(Medicine 95(22):e3459)

Abbreviations: AIDS = acquired immunodeficiency syndrome, CI

= confident interval, OR = odds ratios, PRISMA = Preferred
Reporting Items for Systematic Reviews and Meta-Analyses.

INTRODUCTION

A sthma is a common inflammatory disorder of the respirat-
ory tract, which is characterized by the obstruction and

hyper-responsiveness of the tracheo-broncheal system.1

Repeated episodic shortness of breath with variable expiratory
flow, wheezing, recurrent cough, excessive mucus production
by the lining of air passage and chest tightness are the major
symptoms of this disease.2 Asthma is recognized as a hetero-
geneous disease as multiple subtypes of this disease with
distinct pathophysiologic mechanisms are identified.3

Estimates of asthma in elderly patients (>60 years of age)
indicate 4% to 13% prevalence.4 Asthma is an important cause
of morbidity and disability in individuals over 65 years of age as
control of this disease worsens in later age, which is also
associated with increased emergency medicine as well as
hospitalizations.5

Comorbidities are increasingly recognized as important
determinants of asthma management and prognosis as these are
associated with inadequate disease control, higher health care
use, and poor quality of life.6 Moreover, the recurrent exacer-
bations in asthma are associated with specific co-morbidities
that require additional therapeutic interventions.7 In elderly,
especially, the comorbidities are associated with higher
mortality, poor adherence to therapeutic interventions, and
reduced quality of life.8

Although a considerable number of studies have docu-
mented the prevalence of comorbidities in asthma patients,
comparative controlled studies are relatively less in number.
The aim of the present study was to undertake a systematic
literature search and to perform a meta-analysis of the studies
which compared the prevalence of comorbidities in asthma and
nonasthma patients in order to examine the significance of
difference in the prevalence of various comorbidities between
asthma patients and nonasthma controls.

METHODS
Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines9 are followed while per-
forming this meta-analysis and associated systematic review. As
this study is a meta-analysis research with the published data as
materials, it does not need the approval from the institutional
review board.

Literature Search
Several electronic databases including Embase, Google Scho-

lar, Ovid SP, Pubmed/Medline, and Web of Science were searched
for the relevant articles. The major medical subject headings
(MeSH) and keywords used in different logical combinations
and phrases included asthma, comorbidity/comorbidities, preva-
lence, cardiovascular, heart disease, stroke, myocardial infarction,

Editor: Jian Liu.
Received: December 14, 2015; revised and accepted: March 30, 2016.
From the Department of Respiratory Medicine, Institute of Respiratory
Diseases, The First Affiliated Hospital of China Medical University,
Shenyang, China.
Correspondence: Xinming Su, Department of Respiratory Medicine,

Institute of Respiratory Diseases, The First Affiliated Hospital of
China Medical University, Heping District, Shenyang, China
(e-mail: xinming_med@126.com).

Funding: this study was supported by the National Natural Science Founda-
tion of China (No.: 81300024) and the Project of Department of Science
and Technology of Liaoning Province (No.: 2013225049).

The authors have no conflicts of interest to disclose.
Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution License 4.0, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000003459

Medicine®

SYSTEMATIC REVIEW AND META-ANALYSIS

Medicine ! Volume 95, Number 22, June 2016 www.md-journal.com | 1

Medicine (2016) 95(22):e3459. 
Adultes

Neurological and psychiatric comorbidities: OR = 1.62 (1.44-1.82)



symptoms and this finding is congruent with previous studies
(61–63).

Several theories have been proposed to explain the ele-
vated risk of anxiety symptoms especially panic disorder
among asthma patients. The cognitive theory suggests that

the unpredictable and longitudinal experience with asthma
attacks may generate fearful or catastrophic beliefs which
provoke panic attacks and anticipatory anxiety (50, 64). The
biologic and behavioral theories suggest that repetitive expe-
rience with hypoxia and hypercapnia in asthma attack may

Forest plot of the aggregate prevalence of 
depressive symptoms in adolescents with asthma

Forest plot of the aggregate prevalence of
depressive symptoms in healthy adolescents

 Forest plot of the aggregate prevalence of 
anxiety symptoms in adolescents with asthma        

Forest plot of the aggregate prevalence of 
anxiety symptoms in healthy adolescents

(a) (b)

(c) (d)

Figure 2 Forest plots of the aggregate prevalence of depressive and anxiety symptoms in adolescents with asthma and healthy controls.

Forest plot of the aggregate prevalence of (a) depressive symptoms in adolescents with asthma, (b) depressive symptoms in healthy adoles-

cents, (c) anxiety symptoms in adolescents with asthma and (d) anxiety symptoms in healthy adolescents.

Forest plot of the pooled odd ratio of depressive 
symptoms in adolescents with and without asthma 

Forest plot of the pooled odd ratio of anxiety symptoms
 in adolescents with and without asthma 

(a) (b)

Figure 3 Forest plot of the pooled odd ratio of depressive and anxiety symptoms in adolescents with asthma vs. healthy controls. Forest

plot of the pooled odd ratio of (a) depressive symptoms and (b) anxiety symptoms in adolescents with and without asthma.
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Asthma is a global public health problem because of its
increasing prevalence especially in children (1) and its sub-
stantial morbidity and mortality (2, 3). As a leading cause
of disease burden, the World Health Organization has esti-
mated that 15 million disability-adjusted life years are lost
annually because of asthma, representing 1% of the total
global disease burden (4). The increased prevalence and
severity of asthma amidst the background of increasing
mental health problems in adolescents call for research into

the relationship between psychological distress and
asthma (5).

Clinical and population-based studies reported that young
people with asthma are at increased risk of comorbid anxiety
and depressive symptoms (6–9). The comorbidity of an anxi-
ety or depressive symptoms is associated with adverse out-
comes including poor control of asthma symptoms, poorer
quality of life, and increased healthcare utilization even after
controlling for the severity of asthma (10, 11). However, a
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Abstract

It remains unclear whether anxiety and depressive symptoms are more prevalent in
adolescents with asthma when compared with healthy individuals. This meta-analysis
aimed to evaluate the difference in the aggregate prevalence of depressive and anxi-
ety symptoms between adolescents with asthma and healthy controls and to explore
the underlying moderators that potentially explain the heterogeneity of the effect
size. A meta-analysis of published work was performed using the random effects
model. The differences in aggregate prevalence of depressive and anxiety symptoms
between adolescents with asthma and healthy controls were determined. Meta-
regression and subgroup analysis were performed to identify factors that may con-
tribute to heterogeneity. A total of eight studies were eligible for analysis. The
aggregate prevalence of depressive and anxiety symptoms was significantly higher
among 3546 adolescents with asthma than that of 24,884 controls (depression, 0.27;
95% CI, 0.18.6–0.39 vs. 0.13; 95% CI, 0.09–0.19; anxiety, 0.33; 95% CI, 0.19–0.52
vs. 0.21; 95% CI, 0.12–0.33). The risk of developing depression and anxiety is signif-
icantly higher among adolescents with asthma when compared with controls
(depression: pooled odds ratio, 2.09; 95% CI, 1.65–2.64; p < 0.001; anxiety: pooled
odds ratio, 1.83; 95% CI, 1.63–2.07; p < 0.001). Meta-regression revealed that the
proportions of Caucasian (p = 0.008) and smokers (p < 0.001) were significant
moderators which explained the significant heterogeneity when comparing the risk
of developing depressive symptoms among adolescent asthma patients vs. controls
while age, gender, and severity of asthma were not significant. Family doctors, pedi-
atricians, and healthcare providers should formulate strategies to detect depressive
and anxiety symptoms in adolescents with asthma and offer psychological interven-
tions to reduce the burden of psychiatric comorbidity.
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2.2. Data abstraction

All articles were first deidentified (blinded title, author(s),
year of publication and journal name) before selection. The
abstracts of the studies were independently reviewed by two
authors (M.W.B.Z and R.C.H). Any disagreement was
resolved by discussion between the authors. After the articles
were selected and the decision was finalized, the authors
recorded the following information in a standard data
extraction form: (1) publication details (title, authors and
other citation details including geographic locale); (2) details
of the criteria used for recording depressive symptoms (a
structured/semistructured clinical interview or by self-report
symptom scales); (3) the mean age, percentage of Caucasian
race, percentage of female gender, percentage of smokers
and the mean FEV1 of the sample.

2.3. Comparison between COPD and control groups

All statistical analyses were performed with the
Comprehensive Meta-Analysis Version 2.0 program. The
figures were prepared using the Metafor package [9]
implemented in the R environment [10]. To normalize the
distribution of the effect size, the prevalence was
transformed by taking the log of the odds. After the
meta-analysis, the effect sizes were converted back into
prevalence for the ease of interpretation. Since prevalence
of depressive symptoms of the COPD and the control
groups were also available for all studies, the log odds ratio
between the COPD and the control groups were calculated
in comparing the prevalence between the COPD and the

control groups. Random-effects meta-analysis was con-
ducted to test whether the prevalence proportion of
depressive symptoms was the same in these two groups.

2.4. Assessment of heterogeneity

Tests of heterogeneity were conducted with the Q statistic
that is distributed as a χ2 variate under the assumption of
homogeneity of effect sizes. Between-study heterogeneity
was assessed with the I2 statistic. As a guide, I2 values of
25% may be considered low, 50% moderate and 75% high.
Funnel plots and statistical tests for funnel plot asymmetry
were performed to test for evidence of publication bias. For
models with considerable heterogeneity, meta-regression
was performed to identify moderators which might contrib-
ute to the heterogeneity of effect sizes [11]. Mixed-effects
meta-regression was used to analyze the continuous vari-
ables, in the consideration of the presence of “residual
heterogeneity” [12]. The regression coefficients, the associ-
ated z values and the P values were reported in the meta-
regression analysis. An R2 coefficient was also calculated to
indicate the percentage of variance explained by the
moderators. When the calculated R2 was negative, it was
truncated to zero [12]. Subgroup analysis was performed for
all the categorical variables.

3. Results

From an initial 1245 potentially relevant articles, we
excluded 1237 articles because they did not meet our
inclusion criteria (Fig. 1). Finally, we included eight articles

RE Model

0 0.2 0.4 0.6

Prevalence of depression

Schenider (2010)

Aghanwa et al. (2001)

Engstrom et al. (1996)

Omachi et al. (2009)

Yohannes et al. (1998)

Ng et al. (2008)

Manen et al. (2002)

Hanania NA et al.

0.21 [ 0.21 , 0.22 ]

0.17 [ 0.07 , 0.34 ]

0.07 [ 0.03 , 0.16 ]

0.27 [ 0.25 , 0.30 ]

0.46 [ 0.36 , 0.56 ]

0.23 [ 0.17 , 0.29 ]

0.22 [ 0.16 , 0.29 ]

0.26 [ 0.24 , 0.28 ]

0.25 [ 0.21 , 0.29 ]

COPD group Observed prevalence [95% CI]

RE Model

0 0.1 0.2 0.3

Prevalence of depression

Schenider (2010)

Aghanwa et al. (2001)

Engstrom et al. (1996)

Omachi et al. (2009)

Yohannes et al. (1998)

Ng et al. (2008)

Manen et al. (2002)

Hanania NA et al.

0.17 [ 0.16 , 0.17 ]

0.02 [ 0.00 , 0.11 ]

0.01 [ 0.00 , 0.08 ]

0.06 [ 0.04 , 0.09 ]

0.19 [ 0.12 , 0.27 ]

0.12 [ 0.11 , 0.14 ]

0.18 [ 0.14 , 0.22 ]

0.09 [ 0.07 , 0.12 ]

0.12 [ 0.09 , 0.15 ]

Control group Observed prevalence [95% CI]

Fig. 2. Forest plot comparing the prevalence of depressive symptoms among COPD patients versus controls without COPD.
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Abstract

Objective: This meta-analysis was aimed to evaluate the differences in aggregated prevalence of depressive symptoms among people with
chronic obstructive pulmonary disease (COPD) as compared to controls without COPD and to determine underlying moderators to explain
potential heterogeneity of prevalence.
Methods: A meta-analysis of published work was performed using the random effect model. A total of eight studies were identified. We
calculated the differences in prevalence proportion of depressive symptoms in patients with COPD versus controls. Meta-regression and
subgroup analysis were performed to identify factors that may contribute to heterogeneity.
Results: The prevalence proportion of depressive symptoms was found to be significantly higher (pooled odds ratio: 2.81; 95% CI: 1.69–
4.66) among 39587 individuals with COPD as compared to 39,431 controls (24.6%, 95% CI: 20.0–28.6% vs. 11.7%, 95% CI: 9–15.1%).
Meta-regression was conducted to account for the heterogeneity of the prevalence proportion, but moderators like mean age, gender, mean
FEV1 and proportion of current smokers among COPD patients were nonsignificant and could not explain heterogeneity in prevalence of
depressive symptoms. Subgroup analyses showed no significant differences based on different methods of assessment of depressive
symptoms and countries sampled.
Conclusion: This meta-analytical review identified higher prevalence of depressive symptoms among COPD patients, and meta-regression
showed that demographic and clinical factors were not the determinants of heterogeneity in prevalence of depressive symptoms.
© 2011 Elsevier Inc. All rights reserved.

Keywords: Chronic obstructive pulmonary disease; Depression; Meta-analysis; Prevalence; Systematic review

1. Introduction

Chronic obstructive pulmonary disease (COPD) is
characterized by chronic airflow limitation [1], exertional
dyspnea and recurrent respiratory infections. Depressive
symptoms are characterized by low mood, low energy, loss
of interest, insomnia, poor appetite, somatic symptoms, poor

concentration, pessimism and suicidal ideation [2]. By 2020,
depression will rank the second and COPD will rank the
fifth in global burden of disease [3]. Depression is one of the
most common comorbidities associated with COPD [4], and
the combination of the two conditions will lead to significant
worldwide health problem in the next decade. Before
planning treatment provision targeting at these two condi-
tions, it is necessary to estimate the prevalence of depression
in patients with COPD accurately. High prevalence of
depressive symptoms among COPD patients was reported in
qualitative reviews [4–6]. Ede et al. [7] conducted the most
recent (1999) systematic review of the prevalence of
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surfactant protein D level, chemokine (C-C motif) ligand 18 (CCL18)
level, club cell secretory protein-16 level, and pulmonary and
activation-regulated chemokine (PARC) level. Furthermore, patient-
reported outcomes were measured using the modified Medical
Research Council dyspnea scale for exercise-related dyspnea
categorized as a score of 0 or 1 vs $ 2,16 fatigue was measured by
using the Functional Assessment of Chronic Illness Therapy-Fatigue
questionnaire in which a lower score means higher fatigue,17 and
COPD-related health status was measured by using St. George’s
Respiratory Questionnaire (SGRQ) for patients with COPD in which
a higher score corresponds to worse health status.18 Comorbidities
of COPD were collected via an electronic case report form based on
the patient’s available medical history combined with self-report.
Exacerbations of COPD were collected based on health-care use
consisting of either a hospital admission for COPD exacerbation or
management with oral corticosteroids and/or antibiotics by treating
physicians.

Statistical Analysis
Placement of the patients into the four predefined categories of
depression trajectories was tabulated, and any differences between the
pairs of patient groups, using the never depressed as a comparator,
was evaluated with the c2 statistic for categorical variables, Student
t test for continuous variables, and negative binomial regression for
exacerbation rates. The change of the CES-D score over time (baseline
to 3-year follow-up visit) was summarized as a continuous variable.

For longitudinal descriptive variables, we created categories of change,
subtracting values recorded at the 3-year follow-up visit from baseline.
The following categories were created: for FEV1 in liters based on the
distribution of the FEV1 rate of annual decline in the ECLIPSE
cohort19 (# !20 mL, improvement; > !20 to # 20 mL, stable;
> 20 mL, worsening) and for the 6MWD test score based on
quartiles of distribution of change (> !64 m, # !64 to > !15 m,
# !15 to # 30 m, > 30 m).

To address factors associated with changes in depression category, we first
ran a set of bivariate logistic regression analyses with the binary response
of depression category (ie, new, persistent, remittent) vs never depressed
and tested baseline factors in addition to age, sex, smoking status, BMI,
and country as covariates. Variables shown as associated with the
outcome at the P < .06 level in the bivariate analysis were fitted in
multivariate logistic regression models with backward elimination at
P < .05; the response was the same as in the bivariate analysis.

The main analyses were rerun with the sensitivity population, excluding
those using antidepressants, and depression groups were defined based
on CES-D scores $ 16 only. Furthermore, we repeated the main
multivariate model removing the SGRQ and Functional Assessment of
Chronic Illness Therapy-Fatigue scores as covariates because of their
potential collinearity. For the main analysis only, we also reran the
models with an alternative response to evaluate risk factors associated
with remittent depression vs persistent depression. Analysis was
performed using SAS version 9.0.1 software (SAS Institute).

Results

Cohort Description

A cohort consisting of 1,589 subjects with COPD with
valid CES-D scores at baseline and 3-year follow-up was
analyzed. In summary, at the baseline visit, 24% of
subjects (n ¼ 377) reported high depressive symptoms
(CES-D > 16), and 12% (n ¼ 196) indicated current use
of antidepressants.10

Longitudinal Depression Categories

Overall, 55% of subjects were classified as never
depressed, 24% were classified as persistently depressed,
14% experienced new onset of depression, and 7% had
depression that remitted (Table 1). The sensitivity
analysis (n ¼ 1,304) showed similar trends except for
lower prevalence of the persistently depressed group
(15% vs 24%, respectively) (e-Table 1).

Distribution of CES-D scores, reflecting the level of
depressive symptoms, and their change from baseline to
the 3-year follow-up visit are described in Table 1. The
highest level of baseline depressive symptoms was seen
among patients who were persistently depressed and
patients whose depression had remitted (mean [SD]
CES-D scores, 20.0 [10.5] and 19.5 [14.0], respectively).
Over the 3 years of follow-up, substantial improvement
in the CES-D score was observed in the remittent group
(mean [SD] CES-D change, !10.4 [8.3]), and worsening
was observed in the group with new onset depression
(mean [SD] CES-D change, 11.1 [7.4]). Only a minor
difference in CES-D score between baseline and 3-year
follow-up was observed in the never or persistently
depressed categories. Detailed baseline and longitudinal
characteristics of patients with COPD according to
depression trajectory group are presented in Tables 2
and 3.

TABLE 1 ] Depressive Symptom Load as Measured by CES-D Score at Baseline and Its Changes at 3-Year
Follow-up, by Depression Trajectory Group

Depression Group No. (%) (N ¼ 1,589) Baseline CES-D, Mean (SD)

Change in CES-D
(Baseline to 3-Year Follow-up Visit),

Mean (SD)

Never 869 54.7 6.0 (4.4) 0.6 (5.2)

Persistent 377 23.7 20.0 (10.5) 0.7 (10.1)

New onset 226 14.2 9.0 (4.4) 11.1 (7.4)

Remittent 117 7.4 19.5 (14.0) !10.4 (8.3)

CES-D ¼ Center for Epidemiologic Studies Depression Scale.
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24% of COPD patients with baseline elevated 
depressive symptoms had persistent depressive 

symptoms during the 3-year follow-up period

surfactant protein D level, chemokine (C-C motif) ligand 18 (CCL18)
level, club cell secretory protein-16 level, and pulmonary and
activation-regulated chemokine (PARC) level. Furthermore, patient-
reported outcomes were measured using the modified Medical
Research Council dyspnea scale for exercise-related dyspnea
categorized as a score of 0 or 1 vs $ 2,16 fatigue was measured by
using the Functional Assessment of Chronic Illness Therapy-Fatigue
questionnaire in which a lower score means higher fatigue,17 and
COPD-related health status was measured by using St. George’s
Respiratory Questionnaire (SGRQ) for patients with COPD in which
a higher score corresponds to worse health status.18 Comorbidities
of COPD were collected via an electronic case report form based on
the patient’s available medical history combined with self-report.
Exacerbations of COPD were collected based on health-care use
consisting of either a hospital admission for COPD exacerbation or
management with oral corticosteroids and/or antibiotics by treating
physicians.

Statistical Analysis
Placement of the patients into the four predefined categories of
depression trajectories was tabulated, and any differences between the
pairs of patient groups, using the never depressed as a comparator,
was evaluated with the c2 statistic for categorical variables, Student
t test for continuous variables, and negative binomial regression for
exacerbation rates. The change of the CES-D score over time (baseline
to 3-year follow-up visit) was summarized as a continuous variable.

For longitudinal descriptive variables, we created categories of change,
subtracting values recorded at the 3-year follow-up visit from baseline.
The following categories were created: for FEV1 in liters based on the
distribution of the FEV1 rate of annual decline in the ECLIPSE
cohort19 (# !20 mL, improvement; > !20 to # 20 mL, stable;
> 20 mL, worsening) and for the 6MWD test score based on
quartiles of distribution of change (> !64 m, # !64 to > !15 m,
# !15 to # 30 m, > 30 m).

To address factors associated with changes in depression category, we first
ran a set of bivariate logistic regression analyses with the binary response
of depression category (ie, new, persistent, remittent) vs never depressed
and tested baseline factors in addition to age, sex, smoking status, BMI,
and country as covariates. Variables shown as associated with the
outcome at the P < .06 level in the bivariate analysis were fitted in
multivariate logistic regression models with backward elimination at
P < .05; the response was the same as in the bivariate analysis.

The main analyses were rerun with the sensitivity population, excluding
those using antidepressants, and depression groups were defined based
on CES-D scores $ 16 only. Furthermore, we repeated the main
multivariate model removing the SGRQ and Functional Assessment of
Chronic Illness Therapy-Fatigue scores as covariates because of their
potential collinearity. For the main analysis only, we also reran the
models with an alternative response to evaluate risk factors associated
with remittent depression vs persistent depression. Analysis was
performed using SAS version 9.0.1 software (SAS Institute).

Results

Cohort Description

A cohort consisting of 1,589 subjects with COPD with
valid CES-D scores at baseline and 3-year follow-up was
analyzed. In summary, at the baseline visit, 24% of
subjects (n ¼ 377) reported high depressive symptoms
(CES-D > 16), and 12% (n ¼ 196) indicated current use
of antidepressants.10

Longitudinal Depression Categories

Overall, 55% of subjects were classified as never
depressed, 24% were classified as persistently depressed,
14% experienced new onset of depression, and 7% had
depression that remitted (Table 1). The sensitivity
analysis (n ¼ 1,304) showed similar trends except for
lower prevalence of the persistently depressed group
(15% vs 24%, respectively) (e-Table 1).

Distribution of CES-D scores, reflecting the level of
depressive symptoms, and their change from baseline to
the 3-year follow-up visit are described in Table 1. The
highest level of baseline depressive symptoms was seen
among patients who were persistently depressed and
patients whose depression had remitted (mean [SD]
CES-D scores, 20.0 [10.5] and 19.5 [14.0], respectively).
Over the 3 years of follow-up, substantial improvement
in the CES-D score was observed in the remittent group
(mean [SD] CES-D change, !10.4 [8.3]), and worsening
was observed in the group with new onset depression
(mean [SD] CES-D change, 11.1 [7.4]). Only a minor
difference in CES-D score between baseline and 3-year
follow-up was observed in the never or persistently
depressed categories. Detailed baseline and longitudinal
characteristics of patients with COPD according to
depression trajectory group are presented in Tables 2
and 3.

TABLE 1 ] Depressive Symptom Load as Measured by CES-D Score at Baseline and Its Changes at 3-Year
Follow-up, by Depression Trajectory Group

Depression Group No. (%) (N ¼ 1,589) Baseline CES-D, Mean (SD)

Change in CES-D
(Baseline to 3-Year Follow-up Visit),

Mean (SD)

Never 869 54.7 6.0 (4.4) 0.6 (5.2)

Persistent 377 23.7 20.0 (10.5) 0.7 (10.1)

New onset 226 14.2 9.0 (4.4) 11.1 (7.4)

Remittent 117 7.4 19.5 (14.0) !10.4 (8.3)

CES-D ¼ Center for Epidemiologic Studies Depression Scale.
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TABLE 4 ] Factors Associated With Persistent, New Onset, and Remittent Depression by Using the CES-D Definition for Depressiona

Factors Significant in at Least One Model

Comparison: Never Depressed

Persistent New Onset Remittent

CES-D Only CES-D/AD CES-D Only CES-D/AD CES-D Only CES-D/AD

Age (per 1-year increase) ... 0.97 (0.95-0.99) ... ... ... ...

Sex (reference: male) 2.07 (1.18-3.63) 2.95 (2.05-4.24) ... ... ... ...

SGRQ score per 4-point increase 1.27 (1.16-1.39) 1.08 (1.03-1.14) 1.10 (1.03-1.17) 1.10 (1.04-1.17) ... ...

FACIT-F score per 1-point
increase

0.86 (0.83-0.89) 0.90 (0.87-0.92) 0.94 (0.92-0.97) 0.95 (0.93-0.97) 0.89 (0.87-0.91) 0.91 (0.89-0.93)

mMRC breathlessness (reference:
mMRC ¼ 0 or 1)

0.48 (0.26-0.87) ... 1.62 (1.05-2.51) 1.57 (1.07-2.31) ... ...

Chronic bronchitis symptoms (yes
vs no)

... ... ... ... 1.83 (1.12-3.01) ...

History of physician-diagnosed
stroke (yes vs no)

... 3.09 (1.43-6.67) ... ... ... ...

History of physician-diagnosed
peptic ulcer (yes vs no)

2.14 (1.04-4.43) ... ... ... ... ...

CCL18, ng/mL, scaled by 1 log SD
increase

... 1.28 (1.07-1.53) ... ... ... ...

Platelet levels at baseline per
increase of 109/L

... ... ... ... 1.05 (1.02-1.09) 1.06 (1.02-1.09)

Data are presented as OR (95% CI). Models were adjusted for variables associated with the outcome at the P < .06 level in bivariate analysis. Additionally, all models were adjusted for age, sex, smoking status, BMI, and
country; country effect is not shown. AD ¼ antidepressants. See Table 2 legend for expansion of other abbreviations.
aCESD only (n ¼ 1,304). Antidepressant users at baseline and end of study (n ¼ 285) were excluded.
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Background: The causal association between depression, anxiety, and health-related quality 
of life (HRQoL) in chronic obstructive pulmonary disease (COPD) is unclear. We therefore 
conducted a systematic review of prospective cohort studies that measured depression, anxiety, 
and HRQoL in COPD.
Methods: Electronic databases (Medline, Embase, Cumulative Index to Nursing and Allied 
Health Literature [CINAHL], British Nursing Index and Archive, PsycINFO and Cochrane 
database) were searched from inception to June 18, 2013. Studies were eligible for inclusion 
if they: used a nonexperimental prospective cohort design; included patients with a diagnosis 
of COPD confirmed by spirometry; and used validated measures of depression, anxiety, and 
HRQoL. Data were extracted and pooled using random effects models.
Results: Six studies were included in the systematic review; of these, three were included in the 
meta-analysis for depression and two were included for the meta-analysis for anxiety. Depression 
was significantly correlated with HRQoL at 1-year follow-up (pooled r 0.48, 95% confidence 
interval 0.37–0.57, P 0.001). Anxiety was also significantly correlated with HRQoL at 1-year 
follow-up (pooled r 0.36, 95% confidence interval 0.23–0.48, P 0.001).
Conclusion: Anxiety and depression predict HRQoL in COPD. However, this longitudinal 
analysis does not show cause and effect relationships between depression and anxiety and 
future HRQoL. Future studies should identify psychological predictors of poor HRQoL in 
well designed prospective cohorts with a view to isolating the mediating role played by anxiety 
disorder and depression.
Keywords: long-term conditions, COPD, quality of life, panic

Background
Chronic obstructive pulmonary disease (COPD) is responsible for approximately 
5% of deaths worldwide and is predicted to become the third leading cause of death 
by 2030.1 It is a chronic respiratory disease that typically results in a wide range 
of  extrapulmonary comorbidities, such as cardiovascular disease, skeletal muscle 
 dysfunction, osteoporosis, diabetes, anemia, and depression.2,3 COPD severity has 
traditionally been assessed using measures of airflow obstruction, such as forced 
expiratory volume in one second (FEV1). However, the therapeutic focus in COPD has 
started to shift away from an emphasis on lung function and mortality to  management 
of comorbidities and more patient-centered outcomes related to functioning and health 
status. This trend is reflected in the increased use and reliance on patient-centered 
outcomes such as health-related quality of life (HRQoL) to assess the impact of 
therapeutic strategies in COPD.4
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Background
Chronic obstructive pulmonary disease (COPD) is responsible for approximately 
5% of deaths worldwide and is predicted to become the third leading cause of death 
by 2030.1 It is a chronic respiratory disease that typically results in a wide range 
of  extrapulmonary comorbidities, such as cardiovascular disease, skeletal muscle 
 dysfunction, osteoporosis, diabetes, anemia, and depression.2,3 COPD severity has 
traditionally been assessed using measures of airflow obstruction, such as forced 
expiratory volume in one second (FEV1). However, the therapeutic focus in COPD has 
started to shift away from an emphasis on lung function and mortality to  management 
of comorbidities and more patient-centered outcomes related to functioning and health 
status. This trend is reflected in the increased use and reliance on patient-centered 
outcomes such as health-related quality of life (HRQoL) to assess the impact of 
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Strengths and limitations
This review has several strengths. Firstly, the search was 
designed to take a broad approach to the identification of 
papers that included depression and anxiety. Terms to iden-
tify both clinically significant and subclinical depression and 
anxiety symptoms were included. Secondly, the search strat-
egy for this review was designed to find cohort studies that 
had investigated the strength of the longitudinal association 
between depression, anxiety or panic disorder, and HRQoL 
in COPD which has not been done before. The decision to 
exclude studies where samples had been exposed to any 
intervention was made to ensure that any prospective change 
in HRQoL would be unconfounded with treatment effects. 
Furthermore, cohort studies are often easier to recruit into 
than randomized controlled trials, and therefore the samples 
may be less open to threats to their external validity.51 The 
search resulted in identification of 380 studies, a relatively 
small number for a systematic review. Therefore, it is pos-
sible that inclusion of methodological terms to locate only 
prospective studies may have reduced the sensitivity of the 
search. However, we are confident that our search identi-
fied all potentially eligible relevant studies and we believe 
we have identified at least two studies40,45 not included in 
a recent meta-analysis of studies that measured factors 
influencing HRQoL in COPD.25 Finally, the detection of 
between-study variance can be interpreted as a positive 
finding since the very likely present heterogeneity has been 

identified and appropriately accounted for using a random 
effects model.52

This review has some weaknesses. Firstly, we used a qual-
ity scoring system that presents an overall quality score which 
rates methodological weaknesses equally. There is a lack of 
empirical support for the assumption that all methodological 
weaknesses have equal weight. Therefore, we present details 
of the performance of each study on each methodological 
criterion and also highlight the three criteria deemed to be 
most important for longitudinal studies.34 The quality review 
highlighted several methodological issues with the studies 
eligible for inclusion in this review. One of the studies that 
was rated as the highest quality42 was not eligible for inclusion 
in the meta-analysis because data on the longitudinal associa-
tion between baseline depression or anxiety and HRQoL at 
follow-up were not available. The three studies that did report 
this data were of varying quality, with two meeting two of the 
specified quality requirements,40,43 and one failing to meet 
any.39 Only one study40 provided information on sampling and 
recruitment procedures and recruitment response rates.

Therefore, it was not possible to evaluate whether the 
sampling method was open to selection bias in the included 
studies of lower quality. Furthermore, none of the studies pro-
vide any comparison between those who were and those who 
were not recruited, making evaluation of possible response 
bias impossible. The inconsistent reporting of response and 
attrition bias throughout the studies has implications for the 

Study name Statistics for each  study

Correlation

Oga et al39 SGRQ total 0.471 0.324 0.596 5.717 0.000

Andenaes et al43 SGRQ Impact 0.249 −0.029 0.491 1.762 0.078

Coventry et al40 SGRQ total 0.636 0.461 0.763 5.818 0.000

0.478 0.373 0.571 7.940 0.000

Negative association  Positive association

−1.00 −0.50 0.00 0.50 1.00

Lower
Limit

Upper
Limit Z-value P-value

Correlation and 95% CIOutcome

Figure 2 Forest plot of the longitudinal effect of depression on health-related quality of life in COPD.
Notes: Heterogeneity 2 6.60 (df 2); P 0.037; I2 69.7%.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; SGRQ, St George’s Respiratory Questionnaire.

Table 4 Longitudinal correlations between anxiety and HRQoL in chronic obstructive pulmonary disease

Reference Anxiety  
measure

HRQoL  
measure

Length of  
follow-up

Sample  
size

Correlation 
(r)

P-value

Oga et al39 HAD-A SGRQ total 1 year 128 0.412 0.001
HAD-A CRQ total 1 year 128 0.534 0.001
HAD-A SGRQ total 5 years 72 0.505 0.001
HAD-A CRQ total 5 years 72 0.641 0.001

Coventry et al40 HAD-A 
HAD-A

SGRQ total 
SGRQ total

3 months 
1 year

79 
62

0.369 
0.258

0.002 
0.052

Abbreviations: HAD-A, Hospital Anxiety and Depression Scale anxiety subscale; HRQoL, health-related quality of life; SGRQ, St George’s Respiratory Questionnaire; 
CRQ, Chronic Respiratory Questionnaire.
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inferences that can be drawn from this review. It may be that 
the results cannot be generalized to older COPD patients 
because they were less likely to complete follow-up in 
two studies,42,44 although these studies were not eligible for 
inclusion in the meta-analysis. All of the included studies 
used validated measures of quality of life and psychological 
factors. However, one study43 that used the Hopkins Symptom 
Checklist (HSCL-25) modified the measure, removing two of 
the items relating to suicidal ideation and loss of libido, which 
are symptoms commonly associated with depression. This 
reduces the validity of the measure and may have resulted in 
an underestimate of the prevalence of depressive symptoms 
in this sample. Unpublished studies were not included in 
this review, which may have introduced publication bias 
into this review because studies that report higher effect 
sizes are more likely to be published.53 Where total scores 
for HRQoL measures were not available for meta-analysis, 
the most appropriate subscale was chosen. In the case of one 
paper,43 the SGRQ impact subscale was chosen because it 
provides a measure of social functioning and psychological 
disturbance that would maximize any observed association 
between depression and HRQoL. We did not formally test 
for publication bias in this review due to the small number of 
studies eligible for inclusion.54 Finally, one of the assumptions 
made in random effects meta-analysis is that study effects 
should be normally distributed. This is not always easy to 
confirm when the number of studies included in the model 
is small. However, methods have been found to be relatively 
robust even under extreme distributional scenarios.55

Implications for research and practice
The results of the meta-analysis show that depression and 
anxiety predict future HRQoL. These findings are consistent 
with the results of a recently published systematic review and 
meta-analysis that assessed the association between psycho-
logical and symptom-based factors and HRQoL in COPD 
patients.25 Tsiligianni et al found that depression, anxiety, 
exercise, and dyspnea were more highly correlated with 

HRQoL in COPD than FEV1,
25 but this finding was based 

only on cross-sectional studies and therefore did not include 
several studies which were eligible to be included for meta-
analysis in our review.39,40,43 Our review, which is the first to 
only include longitudinal studies, has further advanced our 
knowledge of the association between depression and anxiety 
and HRQoL in COPD by showing that depression and anxiety 
are correlated with prospective HRQoL. Unfortunately, we 
were not able to compare the association between depres-
sion and anxiety and HRQoL with that of FEV1 because the 
necessary data were not reported in the published papers. 
Two authors were contacted39,40 and invited to provide the 
correlations between FEV1 and HRQoL. However, only one 
author responded, so the analysis could not be completed. 
This should be a priority for future longitudinal research in 
this area.

Future studies would be improved by including other 
common mental health problems that are prevalent in COPD. 
Panic disorder has a prevalence in COPD estimated to be ten 
times that of the prevalence in the general population.56,57 
Panic disorder is known to have a significant negative 
impact on quality of life in the general population58,59 and 
in patients with long-term conditions such as heart failure60 
and diabetes.61 However, no studies were identified in this 
review that had considered the impact of panic attacks or 
panic disorder in COPD. Panic attacks and panic disorder 
comorbid with COPD have been found to cause greater levels 
of distress relating to physical health,62 and to predict worse 
health outcomes, including increased hospital admissions63 
and poorer functional status.64 Therefore, it is important to 
investigate if panic disorder is a significant driver of HRQoL 
in COPD because it may be a more important predictor than 
depression or generalized anxiety.

The findings of this review highlight the importance of 
regularly assessing patient-centered outcomes such as HRQoL 
in people with COPD, regardless of their disease severity as 
measured by lung function. HRQoL is an important marker 
of functioning, and is potentially mediated by extrapulmonary 

Study name Statistics for each  study

Correlation

Oga et al39 SGRQ total 0.412 0.257 0.546 4.897 0.000

Coventry et al40 SGRQ total 0.258 0.011 0.476 2.047 0.041

0.364 0.233 0.482 5.191 0.000

Negative association Positive association
−1.00 −0.50 0.00 0.50 1.00

Lower
Limit

Upper
Limit Z-value P-value

Correlation and 95% CIOutcome

Figure 3 Forest plot of the longitudinal effect of anxiety on health-related quality of life in COPD.
Notes: Heterogeneity 2 1.22 (df 1); P 0.269; I2 18.3%.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; SGRQ, St George’s Respiratory Questionnaire; HAD-A, Hospital Anxiety and 
Depression Scale anxiety subscale.
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ABSTRACT Asthmatic patients frequently have comorbidities, but the role of comorbidities in the
economic burden of asthma is unclear. We examined the excess direct medical costs, including asthma-
and comorbidity-related costs, in patients with asthma.

We created a propensity score-matched cohort of patients newly diagnosed with asthma and non-
asthmatic comparison subjects, both aged 5–55 years, from health administrative data (1997–2012) in
British Columbia, Canada. Health services use records were categorised into 16 major disease categories
based on International Classification of Diseases codes. Excess costs (in 2013 Canadian dollars ($)) were
estimated as the adjusted difference in direct medical costs between the two groups.

Average overall excess costs were estimated at $1058/person-year (95% CI 1006–1110), of which $134
(95% CI 132–136) was attributable to asthma and $689 (95% CI 649–730) to major comorbidity classes.
Psychiatric disorders were the largest component of excess comorbidity costs, followed by digestive
disorders, diseases of the nervous system, and respiratory diseases other than asthma. Comorbidity-
attributable excess costs greatly increased with age but did not increase over the time course of asthma.

These findings suggest that both asthma and comorbidity-related outcomes should be considered in
formulating evidence-based policies and guidelines for asthma management.
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Costs of comorbidities are much higher than costs associated with asthma itself
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recommended [22], with comparison subjects weighted by the inverse of the frequency that they were
matched to an asthmatic patient. We followed expert recommendation to use generalised estimating
equations with the robust variance estimator to obtain valid inference for the nested clustered data [32].

Sensitivity analysis
To evaluate the robustness of our results against design features, we performed several sensitivity analyses.
First, we repeated the cost analyses among individuals with short follow-up time (<12 months) who were
excluded from the main analysis, adjusting for the length of follow-up in days. Second, to further
minimise the risk of including patients with COPD, we estimated costs by removing all patient-years in
which patients were over 45 years of age.

Results
We matched 134941 asthmatic patients to 31372 unique non-asthmatic subjects in the comparison group,
with some comparator subjects selected to match more than one asthmatic patient (supplementary
material S3). Table 1 compares the baseline characteristics of the two cohorts. Standardised differences
were all below 0.10, indicating appropriate matching [30].

Prevalence and excess costs, overall and by conditions
Table 2 shows that patients with asthma more frequently experienced comorbidities compared to those in the
non-asthma cohort during the follow-up period (99% versus 96%), especially for respiratory diseases other
than asthma (85% versus 63%), as well as infectious and parasitic diseases (48% versus 43%). Meanwhile,
asthma cohorts experienced lower rates of pregnancy, childbirth and puerperium (8% versus 11%).

Table 3 shows the adjusted excess costs across cost components and age groups. All-cause excess costs
were $1058 per PY (95% CI 1006–1110) in asthmatic patients. Among these, 13% were attributable to
asthma ($134, 95% CI 132–136), and 65% were attributable to comorbidities ($689, 95% CI 649–730). The
remaining 22% were unattributable to any disease and were mainly driven by outpatient services without
recorded diagnoses or with diagnoses of general symptoms, laboratory tests and external causes. This
component was excluded from further consideration.

Figure 1 shows that significant incremental costs were found for all included comorbidity categories in asthmatic
patients. Excess costs were the highest for psychiatric disorders ($167 per PY, 95% CI 149–184]), followed by
digestive disorders ($79 per PY, 95% CI 70–89), diseases of the nervous system ($73 per PY, 95% CI 66–81) and

TABLE 1 Baseline characteristics of the asthma cohort and the non-asthma comparison group

Study cohort Standardised
difference¶Asthma Non-asthma#

Subjects 134941 134941
Age years 27.7±15.8 27.6±15.6 0.01
Age group 0.07
5─18 years 37.0% 34.4%
19─45 years 45.4% 49.1%
>45 years 17.5% 16.5%

Female 56.1% 56.7% 0.01
CCI+,§ 0.2±0.6 0.2±0.8 0.00
Non-asthma inpatient visits§ (SD) 0.1±0.5 0.1±0.5 −0.01
Non-asthma outpatient visits§ (SD) 10.4±12.8 10.8±14.1 −0.03
Non-asthma prescriptions§ (SD) 9.6±44.8 8.3±42.2 0.03
Neighbourhood household income quintiles 0.05
Q1: lowest quintile (lowest 20%) 20.2% 18.9%
Q2: second quintile (20─40%) 20.5% 19.8%
Q3: middle quintile (40─60%) 19.9% 20.1%
Q4: fourth quintile (60─80%) 19.4% 20.5%
Q5: top quintile (80─100%) 18.0% 19.0%
Missing 2.0% 1.7%

Data are presented as mean±SD, unless otherwise stated. CCI: Charlson comorbidity index; Q: quintile. #: from
31372 unique individuals selected with replacement for matching. ¶: difference in means or proportions divided
by standard error. Imbalance was defined as absolute value >0.10. +: excluding asthma from the score.
§: measured in the past 12 months before the index date.
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recommended [22], with comparison subjects weighted by the inverse of the frequency that they were
matched to an asthmatic patient. We followed expert recommendation to use generalised estimating
equations with the robust variance estimator to obtain valid inference for the nested clustered data [32].

Sensitivity analysis
To evaluate the robustness of our results against design features, we performed several sensitivity analyses.
First, we repeated the cost analyses among individuals with short follow-up time (<12 months) who were
excluded from the main analysis, adjusting for the length of follow-up in days. Second, to further
minimise the risk of including patients with COPD, we estimated costs by removing all patient-years in
which patients were over 45 years of age.

Results
We matched 134941 asthmatic patients to 31372 unique non-asthmatic subjects in the comparison group,
with some comparator subjects selected to match more than one asthmatic patient (supplementary
material S3). Table 1 compares the baseline characteristics of the two cohorts. Standardised differences
were all below 0.10, indicating appropriate matching [30].

Prevalence and excess costs, overall and by conditions
Table 2 shows that patients with asthma more frequently experienced comorbidities compared to those in the
non-asthma cohort during the follow-up period (99% versus 96%), especially for respiratory diseases other
than asthma (85% versus 63%), as well as infectious and parasitic diseases (48% versus 43%). Meanwhile,
asthma cohorts experienced lower rates of pregnancy, childbirth and puerperium (8% versus 11%).

Table 3 shows the adjusted excess costs across cost components and age groups. All-cause excess costs
were $1058 per PY (95% CI 1006–1110) in asthmatic patients. Among these, 13% were attributable to
asthma ($134, 95% CI 132–136), and 65% were attributable to comorbidities ($689, 95% CI 649–730). The
remaining 22% were unattributable to any disease and were mainly driven by outpatient services without
recorded diagnoses or with diagnoses of general symptoms, laboratory tests and external causes. This
component was excluded from further consideration.

Figure 1 shows that significant incremental costs were found for all included comorbidity categories in asthmatic
patients. Excess costs were the highest for psychiatric disorders ($167 per PY, 95% CI 149–184]), followed by
digestive disorders ($79 per PY, 95% CI 70–89), diseases of the nervous system ($73 per PY, 95% CI 66–81) and

TABLE 1 Baseline characteristics of the asthma cohort and the non-asthma comparison group

Study cohort Standardised
difference¶Asthma Non-asthma#

Subjects 134941 134941
Age years 27.7±15.8 27.6±15.6 0.01
Age group 0.07
5─18 years 37.0% 34.4%
19─45 years 45.4% 49.1%
>45 years 17.5% 16.5%

Female 56.1% 56.7% 0.01
CCI+,§ 0.2±0.6 0.2±0.8 0.00
Non-asthma inpatient visits§ (SD) 0.1±0.5 0.1±0.5 −0.01
Non-asthma outpatient visits§ (SD) 10.4±12.8 10.8±14.1 −0.03
Non-asthma prescriptions§ (SD) 9.6±44.8 8.3±42.2 0.03
Neighbourhood household income quintiles 0.05
Q1: lowest quintile (lowest 20%) 20.2% 18.9%
Q2: second quintile (20─40%) 20.5% 19.8%
Q3: middle quintile (40─60%) 19.9% 20.1%
Q4: fourth quintile (60─80%) 19.4% 20.5%
Q5: top quintile (80─100%) 18.0% 19.0%
Missing 2.0% 1.7%

Data are presented as mean±SD, unless otherwise stated. CCI: Charlson comorbidity index; Q: quintile. #: from
31372 unique individuals selected with replacement for matching. ¶: difference in means or proportions divided
by standard error. Imbalance was defined as absolute value >0.10. +: excluding asthma from the score.
§: measured in the past 12 months before the index date.
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Trend of excess costs over the time course of asthma
Figure 3 shows the trend of excess costs within each age group over the 10 years from the diagnosis of
asthma. Asthma-attributable excess costs consistently decreased over time from the index date across all
age groups, with greater decreases found in younger individuals. For age groups of 5–18 years and
19–45 years, comorbidity-attributable excess costs decreased over time (5–18 years: −$26 per PY per year,
95% CI −39 to −13; 19–45 years: −$22 per PY per year, 95% CI −31 to −13). For those aged >45 years,
comorbidity-attributable excess costs did not significantly change ($5 per PY, 95% CI −11 to 22).

Sensitivity analyses
In the sensitivity analyses, asthmatic patients with <12 months of follow-up incurred $1607 per PY (95%
CI 1356–1859) excess costs, which was only minimally different than the first-year costs in the main
sample. When we removed person-years where subjects were >45 years of age, overall excess costs dropped
by roughly $200 (to $820 per PY, 95% CI 775–864) but the proportions of asthma-attributable and
comorbidity-attributable costs stayed almost the same as in the main analysis ($115 per PY (14%) and
$521 per PY (64%), respectively).

Discussion
Previous studies have shown that asthma is associated with increased prevalence of comorbidities [7, 8].
Our study is the first to comprehensively examine the direct medical costs in patients with incident asthma
by accounting for both asthma and asthma-related comorbidities. By estimating the excess costs incurred
by asthmatic patients over and beyond the costs of matched non-asthmatic individuals, we found
comorbidity-attributable costs ($689 per PY) to be five-times higher than asthma-attributable costs ($134
per PY) in patients with asthma. This is despite the fact that the comorbidity profiles of the asthma group
and the comparison group were similar before the start of follow-up. Psychiatric disorders were the largest
component of comorbidity costs, followed by digestive diseases, diseases of the nervous system and
respiratory diseases other than asthma. Although comorbidity-attributable excess costs greatly increased
with age, they did not increase over the course of asthma. Our estimate of asthma-attributable costs
aligned well with previous estimates [6, 33]. The estimate of excess costs in asthmatic children was
consistent with a study performed in the USA [34].
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(95% CI 132–136) was attributable to asthma and $689 (95% CI 649–730) to major comorbidity classes.
Psychiatric disorders were the largest component of excess comorbidity costs, followed by digestive
disorders, diseases of the nervous system, and respiratory diseases other than asthma. Comorbidity-
attributable excess costs greatly increased with age but did not increase over the time course of asthma.

These findings suggest that both asthma and comorbidity-related outcomes should be considered in
formulating evidence-based policies and guidelines for asthma management.
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Findings from this study can be hypothesis-generating with regards to the relationship between asthma
and comorbidity. Common inflammatory mechanisms between certain comorbidities and asthma could be
responsible for their observed high burden [20]; COPD is one such example. We purposefully excluded
patients with COPD-related resource use around the index date to ensure that patients with COPD, who
have similar drug use patterns to asthmatic patients at early stages, were not erroneously included in the
cohort. However, the subsequent high costs of respiratory diseases other than asthma suggest that some
remaining asthmatic individuals still developed COPD over time, which is highly costly in itself and also a
risk factor for other conditions such as cardiovascular diseases [35]. In addition, asthma activity or its
treatment can affect the incidence or intensity of comorbid disease. For instance, the burden of
psychological disorders could be due to asthma impairment and suboptimal asthma control [36], but
corticosteroid use is also associated with the development of such comorbidities [37]. Comorbid
conditions can also complicate treatment strategies, increasing the need for medications and the risk of
adverse events, which eventually increases the overall excess costs. Lastly, while it was not surprising that
comorbidity-attributable excess costs increased with age, they decreased over the time course of asthma in
younger adults while staying constant in older adults. It is possible that acute onset of asthma boosted
costs to treat both asthma and comorbidities, but when asthma was better managed over time, it caused
fewer life disruptions and affected comorbidities to a lesser degree [38].

Our findings also convey important policy implications. Our cost estimates directly measure the true
magnitude of asthma burden from a multimorbidity perspective, and can therefore inform policies and best
practice guidelines with regard to “holistic approaches” to managing patients with asthma by also
considering comorbidities. These estimates can be applied to the economic evaluation of asthma prevention
and management strategies, ranging from preventive strategies to targeted asthma treatments to
broad-scope interventions that aim to improve overall health or specific comorbidities in asthmatic patients.

In interpreting the findings, the limitations of this study need to be considered. First, the estimation of
attributable costs could be associated with misclassification bias, because diagnostic codes can be assigned
incorrectly and occasionally the diagnosis itself can be erroneous [39]. Mapping prescription drugs to
disease categories is also an inexact practice [39]. Missing diagnostic information has prevented us from
attributing some healthcare use records to a specific disease area. Second, our asthma case definition
required a pattern of asthma-related resource use within a 12-month period [40]. This algorithm could
have excluded patients with mild asthma with intermittent resource use, resulting in an upward bias in the
cost estimates. Third, we reported both the costs and prevalence of comorbidity categories, but to estimate
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Table 3 shows the additive effect of psychological
disorders on 30-day readmission rates. As shown,
patients with coexisting disorders like depression,
anxiety, and psychosis have a significantly higher 30-day
readmission rate at 29.73% compared with those with

only depression (20.98%), anxiety (20.99%), or psychosis
(19.60%) or those with none (15.49%) of these disorders.

COPD is the most common reason for readmission
within 30 days of discharge (30.89%), followed by
pneumonia (10.62%) and heart failure (6.55%). The
top 10 reasons for readmission were similar for patients
with and without psychological disorders.

Table 4 presents the results of multivariable analysis
of factors associated with 30-day readmission. In model 1
(Table 4), patient characteristics such as male sex,
year of discharge, region, length of index hospital stay,
and ICU stay were associated with higher odds of
readmission.

Model 2 (Table 4) examines additional variables like
race, low socioeconomic status, and coexisting
psychological disorders. Patients with COPD with low
socioeconomic status had higher odds of 30-day
readmission (OR, 1.22; 95% CI, 1.18-1.26). Race was
not associated with higher rates of readmission when
controlled for all other factors. The effect of depression,
anxiety, psychosis, alcohol abuse, and drug abuse on
30-day readmission is much higher than that of sex, ICU
stay, or use of mechanical ventilation during index

TABLE 2 ] Select Psychological Disorders and 30-Day Readmission Rates

Comorbiditya Overall 30-d Readmission P Value

Depressionb < .0001c

Yes 19,293 (14.24) 4,659 (24.15)

No 116,205 (85.76) 19,645 (16.91)

Anxietyd < .0001c

Yes 12,948 (9.56) 3,286 (25.38)

No 122,550 (90.44) 21,018 (17.15)

Psychosis < .0001c

Yes 4,511 (3.33) 1,143 (25.34)

No 130,987 (96.67) 23,161 (17.68)

Alcohol abuse < .0001c

Yes 1,529 (1.13) 405 (26.49)

No 133,969 (98.87) 23,899 (17.84)

Drug abuse < .0001c

Yes 1,018 (0.75) 284 (27.90)

No 134,480 (99.25) 24,020 (17.86)

Data are given as No. (%). See Table 1 legend for expansion of abbreviation.
aICD-9 codes used for psychological comorbidities based on Elixhauser Comorbidity Index: depression (296.2, 296.3, 300.4, 301.12, 309.0, 309.1, 311),
anxiety (300.00-300.09), psychosis (295.0-296.1, 296.3-298.9), alcohol abuse (291.0-291.3, 291.5, 291.8, 291.81, 291.89, 291.9, 303.00-303.93, V113), and
drug abuse (292.0, 292.82-292.89, 292.9, 304.00-304.93, 305.20-305.93, 648.30-648.34).
bICD 9 codes 296.2-296.3 (major depression, single and recurrent episodes) included in depression rather than psychosis to have good cross-walk between
ICD-9 and Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
cIndicates statistically significant, as P < .0001.
dICD 9 codes 300.00-300.09 (anxiety) classified separately from psychosis to have good cross-walk between ICD-9 and Diagnostic and Statistical Manual of
Mental Disorders, Fifth edition.

TABLE 3 ] Effect of Coexisting Psychological Disorders
on 30-Day Readmission Rate

Coexisting Psychological Condition No.a

30-d
Readmission
Rate, %

None 14,105 15.49

Depression 2,009 20.98

Anxiety 1,019 20.99

Psychosis 343 19.60

Alcohol use 133 22.54

Drug use 54 21.60

Depression þ anxiety 714 24.04

Anxiety þ psychosis 71 29.83

Depression þ anxiety
þ psychosis

132 29.73

Percentage of five psychological disorders in different combinations
among patients (patients in different years were considered as different
patients) with 30-d readmission.
aWe randomly selected only one index admission per patient per year.
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TABLE 4 ] Multivariable, Multilevel Analysis of Patient’s Index Hospitalization Characteristics on Odds of
Readmission Within 30 Days of Discharge

Variable

Odds of Readmission (95% CI)

Model 1 (R2 ¼ 0.0185) Model 2 (R2 ¼ 0.0254)

Age for every 5 y 0.97 (0.96-0.98)a 0.99 (0.98-1.00)b

DRG 0.99 (0.97-1.02)b 1.00 (0.98-1.03)b

Sex

Female 1 1

Male 1.08 (1.05-1.11)a 1.15 (1.12-1.19)a

Race

White . 1

Black . 1.04 (0.99-1.10)b

Other . 0.91 (0.84-0.98)a

Low socioeconomic status

No . 1

Yes . 1.22 (1.18-1.26)a

Year of discharge

2001 1 1

2002 0.96 (0.89-1.03)b 0.96 (0.89-1.03)b

2003 0.98 (0.91-1.05)b 0.97 (0.91-1.04)b

2004 1.00 (0.93-1.07)b 0.99 (0.92-1.06)b

2005 0.95 (0.89-1.02)b 0.94 (0.88-1.01)b

2006 1.02 (0.95-1.09)b 1.00 (0.93-1.07)b

2007 1.01 (0.94-1.08)b 0.99 (0.92-1.06)b

2008 1.07 (1.00-1.15)b 1.06 (0.99-1.13)b

2009 1.05 (0.98-1.12)b 1.02 (0.96-1.10)b

2010 1.03 (0.96-1.10)b 0.98 (0.92-1.05)b

2011 1.30 (1.21-1.39)a 1.24 (1.16-1.33)a

Region

New England 1 1

East North Central 0.97 (0.91-1.04)b 1.00 (0.93-1.07)b

East South Central 0.98 (0.91-1.06)b 0.98 (0.91-1.06)b

Middle Atlantic 1.00 (0.93-1.07)b 1.04 (0.96-1.11)b

Mountain 0.80 (0.73-0.89)a 0.84 (0.76-0.93)a

Pacific 0.89 (0.82-0.96)a 0.90 (0.83-0.97)a

South Atlantic 0.92 (0.86-0.99)a 0.94 (0.88-1.00)b

West North Central 0.96 (0.88-1.04)b 1.00 (0.92-1.09)b

West South Central 0.89 (0.82-0.96)a 0.91 (0.84-0.98)a

Length of stay, d

1-2 1 1

3-5 1.07 (1.03-1.11)a 1.07 (1.03-1.11)a

5-7 1.23 (1.18-1.28)a 1.23 (1.18-1.28)a

> 7 1.46 (1.39-1.54)a 1.47 (1.40-1.55)a

ICU stay

No 1 1

Yes 1.11 (1.07-1.14)a 1.12 (1.08-1.15)a

(Continued)
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hospitalization. The R2 increased from 0.0185 in model
1 to 0.0254 in model 2. This indicated that the
psychological disorders increased amount of variation in
30-day readmission attributed to patient characteristics
by 37%. In model 2, the addition of psychological
disorders modestly weakened the association of age but
strengthened the association of male sex and discharge
to skilled nursing facility with 30-day readmission.

Finally, we did sensitivity analyses by (1) excluding
patients with asthma (ICD-9, 493.xx), (2) randomly
selecting one admission per patient per year, and
(3) adjusting for clustering at patient level during the
entire study period. The magnitude and the direction
of association between these psychological disorders and

30-day readmission were similar across all these analyses
(data not shown).

Discussion
In this retrospective cohort study, we found that
psychological disorders such as depression, anxiety,
psychosis, alcohol abuse, and drug abuse contribute
significantly to the 30-day readmission rate for elderly
patients with COPD. Similar to prior studies, we found
that patients with COPD with low socioeconomic
status,33,34 psychosis,35 and alcohol abuse36 had higher
readmission rates. This is likely related to limited
capacity of these patients to meet the workload of
disease burden, poor social support, and nonadherence

TABLE 4 ] (Continued)

Variable

Odds of Readmission (95% CI)

Model 1 (R2 ¼ 0.0185) Model 2 (R2 ¼ 0.0254)

Mechanical ventilation

No 1 1

Yes 1.00 (0.90-1.10)b 1.00 (0.90-1.10)b

Discharge destination

Home 1 1

SNF 0.93 (0.89-0.97)a 0.84 (0.81-0.88)a

Hospice 0.21 (0.16-0.28)a 0.20 (0.16-0.27)a

Others 0.75 (0.69-0.81)a 0.70 (0.65-0.76)a

Outpatient visit

No 1 1

Yes 0.54 (0.52-0.56)a 0.56 (0.55-0.58)a

Depression

No . 1

Yes . 1.34 (1.29-1.39)a

Anxiety

No . 1

Yes . 1.43 (1.37-1.50)a

Psychosis

No . 1

Yes . 1.18 (1.10-1.27)a

Alcohol abuse

No . 1

Yes . 1.30 (1.15-1.47)a

Drug abuse

No . 1

Yes . 1.29 (1.11-1.50)a

Data represent odds of readmission (95% CI). Model 1: adjusted by age, sex, region, and year of discharge, length of stay, mechanical ventilator, ICU,
discharge destination, and 30-d outpatient follow-up. Model 2: adjusted by Model 1 þ race, low socioeconomic status, and coexisting psychological
disorders. See Table 1 legend for expansion of abbreviations.
aIndicates results are statistically significant.
bIndicates results are not statistically significant.
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1.34 (1.29 – 1.39)

1.43 (1.37 – 1.50)

Association of Psychological Disorders With
30-Day Readmission Rates in Patients
With COPD
Gurinder Singh, MD; Wei Zhang, MS; Yong-Fang Kuo, PhD; and Gulshan Sharma, MD, MPH

BACKGROUND: There is a growing understanding of the prevalence and impact of psychological
disorders on COPD. However, the role of these disorders in early readmission is unclear.

METHODS: We analyzed data from 5% fee-for-service Medicare beneficiaries diagnosed with
COPD (International Classification of Diseases, Ninth Revision code, 491.xx, 492.xx, 493.xx,
and 496.xx) between 2001 and 2011 who were hospitalized with a primary discharge
diagnosis of COPD or a primary discharge diagnosis of respiratory failure (518.xx and 799.1)
with secondary diagnosis of COPD. We hypothesized that such psychological disorders as
depression, anxiety, psychosis, alcohol abuse, and drug abuse are independently associated
with an increased risk of 30-day readmission in patients hospitalized for COPD.

RESULTS: Between 2001 and 2011, 135,498 hospitalizations occurred for COPD in 80,088
fee-for-service Medicare beneficiaries. Of these, 30,218 (22.30%) patients had one or more
psychological disorders. In multivariate analyses, odds of 30-day readmission were higher in
patients with COPD who had depression (OR, 1.34; 95% CI, 1.29-1.39), anxiety (OR, 1.43;
95% CI, 1.37-1.50), psychosis (OR, 1.18; 95% CI, 1.10-1.27), alcohol abuse (OR, 1.30; 95% CI,
1.15-1.47), and drug abuse (OR, 1.29; 95% CI, 1.11-1.50) compared with those who did not
have these disorders. These psychological disorders increased amount of variation in 30-day
readmission attributed to patient characteristics by 37%.

CONCLUSIONS: Psychological disorders like depression, anxiety, psychosis, alcohol abuse, and
drug abuse are independently associated with higher all-cause 30-day readmission rates for
Medicare beneficiaries with COPD. CHEST 2016; 149(4):905-915

KEY WORDS: anxiety; COPD; depression; medicare; readmission
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Sur les exacerbations à 1 an
Pulmonary Perspective

Impact of Anxiety and Depression on Chronic
Obstructive Pulmonary Disease Exacerbation Risk
Catherine Laurin1,2,3,4*, Grégory Moullec1,2,4*, Simon L. Bacon1,2,3,4, and Kim L. Lavoie1,2,3,5

1Montreal Behavioural Medicine Centre, Montreal, Quebec, Canada; 2Research Centre, Hôpital du Sacré-Cœur de Montréal, Montreal, Quebec,
Canada; 3Research Centre, Montreal Heart Institute, Montreal, Quebec, Canada; 4Department of Exercise Science, Concordia University, Montreal,
Quebec, Canada; and 5Department of Psychology, Université du Québec à Montréal, Montreal, Quebec, Canada

Chronic obstructive pulmonary disease (COPD) exacerbations con-
tribute significantly to morbidity and mortality. COPD is also
associatedwith high levels of psychological distress, which has been
linkedwithhigher exacerbation rates. At a recentAmericanThoracic
Society conference symposium titled “Depression and Obstructive
Lung Disease: State of the Science and Future Directions” held in
2010 in NewOrleans, clinicians and researchers identified a number
of important research priorities related to psychiatric comorbidities,
including the need to better understand their impact on COPD out-
comes, such as exacerbations. This article reviews the current litera-
tureandquantifies theprospective impactof anxietyanddepression
on exacerbation risk in patients with COPD. The limitations of the
existing literature and the perspectives for future research are
addressed.

Keywords: cohort analysis; meta-analysis; mental disorders; epidemio-
logic studies; follow-up

Chronic obstructive pulmonary disease (COPD) is characterized by
recurrent episodes of symptom deterioration (i.e., exacerbations)
that usually require some form of intervention (1–3). COPD exac-
erbations are responsible for a substantial health, financial, and
human burden (e.g., frequent hospitalizations, increased medica-
tion consumption, functional impairment, and death) (4–7). Not
only do patients have to deal with the physical consequences of the
disease, but they must also deal with the psychological consequen-
ces of COPD. Previous research has shown that psychological
distress is significantly elevated and common among patients with
COPD, with up to 55% of patients suffering from a clinical diag-
nosis of anxiety and/or depression (7). Although the link between
anxiety and depression and increased risk for cardiac events such

as myocardial infarction has been well documented (8, 9), the lit-
erature assessing the impact of anxiety and depression on COPD-
related morbidity (i.e., exacerbation risk) is limited and suffers from
several limitations such as small sample sizes.

PSYCHOLOGICAL DISTRESS

In the COPD literature, a wide range of screening and diagnostic
tools has been used to assess psychological distress. They fall into
two categories, that is, those that measured symptom severity,
using self-report questionnaires, and those that evaluated psychi-
atric disorders, using structured clinical interviews (7). Experi-
encing symptoms of psychological distress can be acute and
transient (e.g., feeling anxious before a maximal exercise test),
but may become chronic and persist (e.g., feeling so fearful of
having a panic attack and avoiding situations involving physical
effort as a result). Clinical levels of psychological distress, that is,
psychiatric disorders, can be diagnosed only on the basis of
structured interviews that take DSM-IV (Diagnostic and Statis-
tical Manual of Mental Disorders, 4th edition) criteria and lev-
els of functional impairment into account (10). In the present
article, we use the terms “anxiety” and “depression” with ref-
erence to either clinical levels of anxiety and depression, that is,
psychiatric disorders, using structured interviews that took
DSM-IV and levels of functional impairment into account, or
elevated symptoms, using a validated questionnaire.

EXACERBATIONS

The latest Global Initiative for Chronic Obstructive Lung Disease
(GOLD) 2011 report provides a definition of a COPD exacerba-
tion (11). COPD exacerbation can be symptom based, requiring
a significant worsening of symptoms (i.e., a minimum of one or
two symptoms for 24 to 48 h) from a previous state of functioning;
or event based, requiring the administration of a therapeutic in-
tervention (e.g., prescription of antibiotics and/or corticosteroids).
An additional distinction can be made between exacerbations that
were treated in-hospital, that is, in the emergency department
(ED) or requiring hospitalization, or out-of-hospital, that is, in
the patient’s own environment via initiation of an action plan
and/or after consultation with a physician or case manager.

ANXIETY AND DEPRESSION: PREDICTORS OF FUTURE
COPD EXACERBATIONS?

As of April 2011, nine studies (12–20) have examined the pro-
spective associations between clinical levels and symptoms of
psychological distress, and exacerbation risk for patients with
COPD (Table 1; see the appendix in the online supplement for
the systematic literature search process). Of these nine studies,
five (12–14, 18, 19) are of particular relevance regarding their
sample size, or their measure of psychological distress and

(Received in original form May 30, 2011; accepted in final form December 26, 2011)

*Both authors contributed equally to first authorship of the manuscript and can
be considered as co–first authors.

Supported by postdoctoral scholarships from the Fonds de la Recherche en Santé
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were larger in the higher- vs lower-quality study group 
(1.78 vs 1.21,  P   ,  .01) and in the younger vs older 
population group (1.54 vs 1.15,  P   5  .07). Similarly  , the 
only variables found to be predictive of the log RR in 
metaregressions were quality score (1.35 [95% CI, 
1.00-1.81] per 1-numerical point increment) and mean 
age (0.98 [95% CI, 0.96-1.00] per 1-year increment). 
In addition, a funnel plot was produced and showed 
only slight evidence of publication bias, because there 
were only two small studies (sample sizes n  ,  100),  24,26   
both of which had RR estimates that were larger and 
aligned with the pooled RR (e-Fig 1). 

 Comorbid Depression Exposure in COPD and Risk 
of Mortality:    Figure 4   presents RRs (with 95% CIs) 
for all seven studies assessing the association between 
comorbid depression in COPD and risk of mortality. 
The pooled RR of 1.83 (95% CI, 1.00-3.36) shows that 
comorbid depression was associated with increased 
risk of mortality in patients with COPD. There was a 
high degree of heterogeneity among studies ( I  2   5  70.2%, 
 P   5  .003), which was mostly due to a single outlier 
study  29   that had an RR opposite in direction to the 
pooled RR (showing depression was protective against 
mortality). After exclusion of the single outlier study, 
the pooled RR increased to 2.29 (95% CI, 1.53-3.43) 
and there was less heterogeneity evident ( I  2   5  32.0%, 
 P   5  .196). The sensitivity analysis presented in  Table 5   
shows that the pooled RR was substantially changed 

ranged from 1.5 to 35 years. The mean quality scores 
ranged from 5.5 to 8.4, and all but one study  40   received 
a score of  !  6.0. 

 Quantitative Data Synthesis 

 Depression or Anxiety Exposure and Risk of COPD 
Outcomes:    Figure 2   presents RRs with 95% CIs for 
all 13 studies assessing the association between depres-
sion or anxiety and risk of COPD outcomes. The pooled 
RR of 1.43 (95% CI, 1.22-1.68) shows that depression 
or anxiety was associated with increased risk of COPD 
outcomes. There was a high degree of heterogeneity 
among studies ( I  2   5  56.5%,  P   5  .06) that was mostly a 
result of variation in degree of deference rather than 
in direction of effect estimates to the null. The sensi-
tivity analyses presented in  Table 4   show that the pooled 
RR was similar after exclusion of anxiety or psycho-
logic distress studies (1.45; 95% CI, 1.21-1.74) and 
one study with extreme CIs (1.43; 95% CI, 1.21-1.68), 
but was substantially changed after exclusion of lower-
quality studies (increased to 1.78; 95% CI, 1.50-2.11), 
studies using possible rather than probable depression 
or anxiety criteria (increased to 1.58; 95% CI, 1.35-1.86), 
and studies in non-COPD populations (decreased to 
1.31; 95% CI, 1.12-1.54). 

 In subgroup analyses ( Fig 3  ), effect estimates did 
not differ among studies by length of follow-up, sex, 
or study region explanatory variables. However, RRs 

  Figure  2. Risk ratios for all 13 studies assessing the association between depression or anxiety and risk 
of COPD outcomes.   
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Poor treatment adherence or an enhanced percep-
tion of COPD symptoms may herald despair and create 
a pathologic cycle of deteriorating health status. On 
aver age, it is estimated that the global prevalence of 
clinically relevant depression and anxiety (defi ned by 

      COPD is a leading and growing cause of the global 
burden of disease.  1   Worldwide surveys estimated 

that the prevalence of COPD, defi ned according to the 
GOLD (Global Initiative for Chronic Obstructive Lung 
Disease) criteria as  !  stage II, was 10% in populations 
aged  !  40 years in 2006.  2   This estimate increased mark-
edly with age, independent of smoking history. Because 
the world’s population is aging, the projected increase 
in COPD burden will undoubtedly cause signifi cant 
stress on health-care systems in high-income countries 
and may threaten economic growth in developing coun-
tries. Reliable information about the prognostic fac-
tors associated with COPD could lead to more effective 

management and prevention planning, resulting in sig-
nifi cant health and economic benefi ts. 

 Patients with COPD often have comorbid depres-
sion or anxiety that may worsen COPD prognosis, 
interfere with effective COPD management, or both. 

  Background:    The longitudinal associations between depression or anxiety and COPD, and their 
comorbid effect on prognosis, have not been adequately addressed by previous reviews. We aimed 
to systematically assess these associations to inform guidelines and practice. 
  Methods:    We searched electronic databases for articles published before May 2012. Longitudinal 
studies in adult populations that reported an association between clinically relevant depression 
or anxiety and COPD, or that reported their comorbid effect on exacerbation and/or mortality, 
were eligible. Risk ratios (RRs) were pooled across studies using random-effects models and were 
verifi ed using fi xed-effects models. Heterogeneity was explored with subgroup and metaregression 
analyses. 
  Results:    Twenty-two citations yielded 16 studies on depression or anxiety as predictors of COPD 
outcomes (incident COPD/chronic lung disease or exacerbation) and/or mortality, in 28,759 par-
ticipants followed for 1 to 8 years, and six studies on COPD as a predictor of depression in 
7,439,159 participants followed for 1 to 35 years. Depression or anxiety consistently increased the 
risk of COPD outcomes (RR, 1.43; 95% CI, 1.22-1.68), particularly in higher-quality studies and 
in people aged  "  66 years. Comorbid depression increased the risk of mortality (RR, 1.83; 95% 
CI, 1.00-3.36), particularly in men. Anxiety (or psychologic distress) increased the risk of COPD 
outcomes/mortality in most studies (RR, 1.27; 95% CI, 1.02-1.58). Finally, COPD consistently 
increased the risk of depression (RR, 1.69; 95% CI, 1.45-1.96). 
  Conclusions:    Depression and anxiety adversely affect prognosis in COPD, conferring an increased 
risk of exacerbation and possibly death. Conversely, COPD increases the risk of developing depres-
sion. These bidirectional associations suggest potential usefulness of screening for these disease 
combinations to direct timely therapeutic intervention.    CHEST 2013; 144(3):766–777   

  Abbreviations:  GOLD  5  Global Initiative for Chronic Obstructive Lung Disease; RR  5  risk ratio 

 Bidirectional   Associations Between 
Clinically Relevant Depression 
or Anxiety and COPD   
 A Systematic Review and Meta-analysis 

  Evan   Atlantis ,  PhD ;  Paul   Fahey ,  MMedStat ;  Belinda   Cochrane ,  MD ; 
and  Sheree   Smith ,  PhD    
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Interaction effect of psychological
distress and asthma control on
productivity loss?

Grégory Moullec1, J. Mark FitzGerald1,2, Roxanne Rousseau1,2, Wenjia Chen1,3,
Mohsen Sadatsafavi1,2,3 and the Economic Burden of Asthma (EBA) study team4
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ABSTRACT Little is known about the potential synergistic effect of comorbid psychological distress (PD)
and uncontrolled asthma (UA) on productivity loss. We estimated the productivity loss associated with the
combination of these two potentially preventable conditions in employed adults with asthma.

A population-based random sample of 300 adults with asthma in British Columbia, Canada, was
prospectively recruited between Dec 2010 and Aug 2012. PD and productivity loss due to absenteeism and
presenteeism was measured using validated instruments, and asthma control was ascertained using 2010
Global Initiative for Asthma management strategy. We used two-part regression models to study the
contribution of UA and PD to productivity loss.

Compared with reference group (controlled asthma (CA)+noPD), those with UA+noPD had CAD$286
(95%CI $276–297) weekly productivity loss, and those with CA+PD had CAD$465 ($445–485). Those
with UA+PD had CAD$449 (437–462) in productivity loss. There was no significant interaction effect of
PD with asthma control levels on productivity loss (p=0.22).

In patients without PD, uncontrolled asthma was associated with a higher productivity loss than
controlled asthma, but this was not the case in patients with PD. This finding can be explained by the fact
that the contribution of PD to productivity loss is so large that there is no room for synergy with asthma
control. Future studies should assess the impact of interventions that modify PD in patients with asthma.

@ERSpublications
With psychological distress, the further additive effect of asthma control on productivity loss is
minimal http://ow.ly/GYIVG
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TABLE 3 Results of the multivariate regression analysis of psychological distress status on productivity loss by asthma control
levels

No psychological distress Psychological distress

Absenteeism Presenteeism Overall
productivity

Absenteeism Presenteeism Overall
productivity

Controlled asthma
Adjusted incremental
effect on hours of
productivity loss
per week

Ref Ref Ref 4.9 (4.6–5.3) 5.7 (5.4–6.0) 10.6 (10.1–11.1)

Adjusted incremental
effect on
productivity loss
($2010) per week

Ref Ref Ref 196 (182–211) 269 (255–283) 465 (445–485)

Partially controlled
asthma

Adjusted incremental
effect on hours of
productivity loss
per week

−2.1 (−2.2 to −1.9) 3.0 (2.9–3.2) 1.0 (0.8–1.2) 0.5 (0.3–0.7) 5.2 (5.0–5.4) 5.7 (5.4–7.4)

Adjusted incremental
effect on
productivity loss
($2010) per week

−82 (−89 to −75) 144 (138–150) 62 (53–71) 19 (10–27) 248 (239– 258) 267 (255–341)

Uncontrolled asthma
Adjusted incremental
effect on hours of
productivity loss
per week

−0.6 (−0.8 to −0.4) 6.6 (6.4–6.7) 5.9 (5.7–6.2) 1.1 (0.9–1.3) 8.5 (8.3–8.7) 9.6 (9.4–9.9)

Adjusted incremental
effect on
productivity loss
($2010) per week

−25 (−32 to −17) 311 (303–318) 286 (276–297) 45 (37–53) 404 (395–413) 449 (437–462)

Data are presented as mean (95% CI). Values were adjusted for sex, age at baseline visit, household income, education, foreign born, type of
residence (urban/rural), adherence to asthma medication and comorbidities.
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FIGURE 2 Interaction effect of psychological distress and asthma control levels on a) total productivity loss; b)
productivity loss due to presenteeism; and c) productivity loss due to absenteeism. Dotted line and squares: controlled
asthma; dashed line and circles: partially controlled asthma; solid line and triangles: uncontrolled asthma. PD: with
comorbid psychological distress; No PD: No comorbid psychological distress.
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TABLE 3 Results of the multivariate regression analysis of psychological distress status on productivity loss by asthma control
levels

No psychological distress Psychological distress

Absenteeism Presenteeism Overall
productivity

Absenteeism Presenteeism Overall
productivity

Controlled asthma
Adjusted incremental
effect on hours of
productivity loss
per week

Ref Ref Ref 4.9 (4.6–5.3) 5.7 (5.4–6.0) 10.6 (10.1–11.1)

Adjusted incremental
effect on
productivity loss
($2010) per week

Ref Ref Ref 196 (182–211) 269 (255–283) 465 (445–485)

Partially controlled
asthma

Adjusted incremental
effect on hours of
productivity loss
per week

−2.1 (−2.2 to −1.9) 3.0 (2.9–3.2) 1.0 (0.8–1.2) 0.5 (0.3–0.7) 5.2 (5.0–5.4) 5.7 (5.4–7.4)

Adjusted incremental
effect on
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($2010) per week

−82 (−89 to −75) 144 (138–150) 62 (53–71) 19 (10–27) 248 (239– 258) 267 (255–341)

Uncontrolled asthma
Adjusted incremental
effect on hours of
productivity loss
per week

−0.6 (−0.8 to −0.4) 6.6 (6.4–6.7) 5.9 (5.7–6.2) 1.1 (0.9–1.3) 8.5 (8.3–8.7) 9.6 (9.4–9.9)

Adjusted incremental
effect on
productivity loss
($2010) per week

−25 (−32 to −17) 311 (303–318) 286 (276–297) 45 (37–53) 404 (395–413) 449 (437–462)

Data are presented as mean (95% CI). Values were adjusted for sex, age at baseline visit, household income, education, foreign born, type of
residence (urban/rural), adherence to asthma medication and comorbidities.
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DOI: 10.1183/09031936.00141614 7

ASTHMA | G. MOULLEC ET AL.

Eur Respir J. 2015 Jun;45(6):1557-65
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Impacts?
Sur les saines habitudes de vie

Activité physique

17-01-23 
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Goal: determine the effect of anxiety and depression symptoms 
(HADS) on future physical activity (steps/day and time in 
locomotion), in patients with COPD 

Design: 12-mo prospective cohort study

Participants: 220 COPD patients recruited from tertiary hospitals, 
rehabilitation centers, and primary care settings from Athens 
(Greece), Edinburgh and London (UK), Leuven (Belgium), and 
Groningen (the Netherlands). 
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§  0–7 normal, 
§  8–10 suggested
§  and >11 probable

* adjusted for age, 6MWD, comorbidities, FEV1 (% 
pred), baseline PA values



17-01-23 

§  0–7 normal, 
§  8–10 suggested
§  and >11 probable

patients walked 70 steps/day less for 
each extra point on the HADS-D score* 

* adjusted for age, 6MWD, comorbidities, FEV1 (% 
pred), baseline PA values
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§  0–7 normal, 
§  8–10 suggested
§  and >11 probable

patients walked 70 steps/day less for 
each extra point on the HADS-D score* 

* adjusted for age, 6MWD, comorbidities, FEV1 (% 
pred), baseline PA values

HADS-A score was not statistically 
associated with any PA outcome in 
multivariable models
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( I  2   5  27.7%,  P   5  .246). The sensitivity analysis pre-
sented in  Table 6   shows that the pooled RR was sim-
ilar after exclusion of three studies in populations with 
self-reported chronic lung disease  38,40   (1.55 [95% CI, 
1.45-1.65]), and the single lower-quality study  40   (1.65 
[95% CI, 1.43-1.91]). Limited data from one study 
suggested that chronic bronchitis may also increase 
the risk of anxiety (RR, 5.09; 95% CI, 2.91-8.89).  36   

 Effect estimates were not associated with explana-
tory variables in subgroup analyses (e-Fig 3) or metare-
gressions. In addition, a funnel plot was produced 
and showed only slight evidence of publication bias, 
because all studies had relatively large sample sizes 
(e-Fig 4). 

 Discussion 
 Summary of Evidence 

 We have confi rmed that depression or anxiety con-
fers an increased risk of COPD outcomes and possibly 

study  25  ), in an ancillary meta-analysis. The pooled RR 
of 1.27 (95% CI, 1.02-1.58) shows that anxiety or psy-
chologic distress, like depression, was associated with 
an increased risk of COPD outcomes or mortality. 
There was a low degree of heterogeneity among studies 
( I  2   5  21.8%,  P   5  .270), which was mostly attributed to 
two large studies  23,28   that had smaller RR estimates 
aligned with the pooled RR. 

 COPD Exposure and Risk of Depression or Anxiety:  
  Figure 7   presents RRs (with 95% CIs) for all six studies 
assessing the association between COPD and risk of 
depression. The pooled RR of 1.69 (95% CI, 1.45-1.96) 
shows that COPD was associated with increased risk 
of depression. There was a high degree of heteroge-
neity among studies ( I  2   5  70.8%,  P   5  .004), which was 
mostly a result of variation in degree of deference, 
because all six studies had RR estimates with 95% CIs 
farther from the null. After exclusion of two outlier 
studies,  36,40   the pooled RR decreased to 1.55 (95% CI, 
1.46-1.66) and the degree of heterogeneity lessened 

  Figure  4. Risk ratios for all seven studies assessing the association between comorbid depression in 
COPD and risk of mortality.   

 Table 5— Sensitivity Analysis of Depression or Anxiety Exposure  →  Mortality  

 Sensitivity Analysis No. Studies Total Sample Size Risk Ratio (95% CI)  P  Value

Fixed-effects model 7 1,442 1.92 (1.42-2.61) .003
Exclusion of 4 studies using possible rather than probable 

depression criteria
3 794 1.47 (0.37-5.78) .001

Exclusion of 1 study with extreme CIs 1 1,366 1.65 (0.93-2.91) .007

 P  value is for heterogeneity within each sensitivity analysis (not for tests that risk ratio  5  1).
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Poor treatment adherence or an enhanced percep-
tion of COPD symptoms may herald despair and create 
a pathologic cycle of deteriorating health status. On 
aver age, it is estimated that the global prevalence of 
clinically relevant depression and anxiety (defi ned by 

      COPD is a leading and growing cause of the global 
burden of disease.  1   Worldwide surveys estimated 

that the prevalence of COPD, defi ned according to the 
GOLD (Global Initiative for Chronic Obstructive Lung 
Disease) criteria as  !  stage II, was 10% in populations 
aged  !  40 years in 2006.  2   This estimate increased mark-
edly with age, independent of smoking history. Because 
the world’s population is aging, the projected increase 
in COPD burden will undoubtedly cause signifi cant 
stress on health-care systems in high-income countries 
and may threaten economic growth in developing coun-
tries. Reliable information about the prognostic fac-
tors associated with COPD could lead to more effective 

management and prevention planning, resulting in sig-
nifi cant health and economic benefi ts. 

 Patients with COPD often have comorbid depres-
sion or anxiety that may worsen COPD prognosis, 
interfere with effective COPD management, or both. 

  Background:    The longitudinal associations between depression or anxiety and COPD, and their 
comorbid effect on prognosis, have not been adequately addressed by previous reviews. We aimed 
to systematically assess these associations to inform guidelines and practice. 
  Methods:    We searched electronic databases for articles published before May 2012. Longitudinal 
studies in adult populations that reported an association between clinically relevant depression 
or anxiety and COPD, or that reported their comorbid effect on exacerbation and/or mortality, 
were eligible. Risk ratios (RRs) were pooled across studies using random-effects models and were 
verifi ed using fi xed-effects models. Heterogeneity was explored with subgroup and metaregression 
analyses. 
  Results:    Twenty-two citations yielded 16 studies on depression or anxiety as predictors of COPD 
outcomes (incident COPD/chronic lung disease or exacerbation) and/or mortality, in 28,759 par-
ticipants followed for 1 to 8 years, and six studies on COPD as a predictor of depression in 
7,439,159 participants followed for 1 to 35 years. Depression or anxiety consistently increased the 
risk of COPD outcomes (RR, 1.43; 95% CI, 1.22-1.68), particularly in higher-quality studies and 
in people aged  "  66 years. Comorbid depression increased the risk of mortality (RR, 1.83; 95% 
CI, 1.00-3.36), particularly in men. Anxiety (or psychologic distress) increased the risk of COPD 
outcomes/mortality in most studies (RR, 1.27; 95% CI, 1.02-1.58). Finally, COPD consistently 
increased the risk of depression (RR, 1.69; 95% CI, 1.45-1.96). 
  Conclusions:    Depression and anxiety adversely affect prognosis in COPD, conferring an increased 
risk of exacerbation and possibly death. Conversely, COPD increases the risk of developing depres-
sion. These bidirectional associations suggest potential usefulness of screening for these disease 
combinations to direct timely therapeutic intervention.    CHEST 2013; 144(3):766–777   

  Abbreviations:  GOLD  5  Global Initiative for Chronic Obstructive Lung Disease; RR  5  risk ratio 
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Effect of COPD by psychiatric history
Of individuals with a hospitalised COPD, a history of psy-
chiatric disorder was more often seen in patients who
died from suicide (37.5%) than in counterpart live con-
trols (11.8%; table 4). Hence, the effect of COPD on
suicide risk interacted significantly with psychiatric
history (test of effect difference: χ2=47.55, p<0.001 after
adjustment for sociodemographic variables).
In general, a hospitalised COPD increased suicide risk

significantly more in individuals with no recorded history

of psychiatric illness (OR 2.6, 95% CI 2.3 to 2.9) than it
did for individuals with a psychiatric history (OR 1.2, 95%
CI 1.0 to 1.5) after having controlled for the main effect of
psychiatric illness and the effects of socioeconomic factors.
Regardless of sex and age, COPD denoted a significant
risk factor for suicide in people without a psychiatric
history. For individuals with a prior hospital contact
because of psychiatric illness, the additional risk of suicide
associated with COPD remained highly significant only in
female participants and in patients above 60 years.

Table 2 Hospitalisation for COPD and associated OR for subsequent suicide

Number distribution (in %) OR (95% CI) for suicide
Suicide cases Population controls

Model I* Model II† Model III‡Variable n=19 869 (100) n=321 867 (100)

History of hospitalised COPD
No 19 277 (97.0) 318 780 (99.0) Reference Reference Reference
Yes 592 (3.0) 3087 (1.0) 2.6 (2.3 to 2.8) 2.1 (1.9 to 2.4) 2.0 (1.8 to 2.2)

Number of COPD hospitalisations
No COPD 19 277 (97.0) 318 780 (99.0) Reference Reference Reference
1–2 430 (2.2) 2598 (0.8) 2.2 (2.0 to 2.5) 1.9 (1.7 to 2.1) 1.8 (1.6 to 2.0)
3–5 116 (0.6) 344 (0.1) 4.3 (3.5 to 5.4) 3.4 (2.7 to 4.4) 3.2 (2.5 to 4.1)
>5 46 (0.2) 145 (0.1) 4.1 (2.9 to 5.8) 4.1 (2.8 to 6.0) 3.7 (2.5 to 5.4)

Time since last COPD hospitalisation
No COPD 19 277 (97.0) 318 780 (99.0) Reference Reference Reference
<30 days 80 (0.4) 118 (0.0) 8.6 (6.4 to 11.6) 9.1 (6.59 to 12.55) 8.3 (6.0 to 11.5)
1–6 months 131 (0.7) 377 (0.1) 4.6 (3.8 to 5.7) 4.1 (3.21 to 5.11) 3.8 (3.1 to 4.8)
6–12 months 63 (0.3) 305 (0.1) 2.8 (2.1 to 3.7) 2.4 (1.73 to 3.22) 2.2 (1.6 to 3.0)
1–3 years 154 (0.8) 868 (0.3) 2.4 (2.0 to 2.9) 2.0 (1.62 to 2.38) 1.8 (1.5 to 2.2)
>3 years 164 (0.8) 1419 (0.4) 1.5 (1.3 to 1.8) 1.2 (1.01 to 1.45) 1.2 (1.0 to 1.4)

*Adjusted only for sex, age and birth date through matching.
†Further adjusted for history of psychiatric illness.
‡Moreover adjusted for annual income level, place of residence, citizenship and marital status.
COPD, chronic obstructive pulmonary disease.

Table 3 Hospitalised COPD and associated OR for subsequent suicide, stratified by gender and age group

Number distribution (in %) OR (95% CI) for suicide

Exposure in study participants
Suicide cases
n=19 869

Population controls
n=321 867 Model I* Model II† Model III‡

Total participants
History of COPD: no 19 722 (97.0) 318 780 (99.0) Reference Reference Reference
History of COPD: yes 592 (3.0) 3087 (1.0) 2.6 (2.3 to 2.8) 2.1 (1.9 to 2.4) 2.0 (1.8 to 2.2)

Females
History of COPD: no 7095 (96.9) 122 761 (99.1) Reference Reference Reference
History of COPD: yes 226 (3.1) 1109 (0.9) 3.3 (2.8 to 3.8) 2.4 (2.0 to 2.9) 2.3 (2.0 to 2.8)

Males
History of COPD: no 12 182 (97.1) 196 019 (99.0) Reference Reference Reference
History of COPD: yes 366 (2.9) 1978 (1.0) 2.2 (2.0 to 2.5) 2.0 (1.8 to 2.3) 1.9 (1.6 to 2.1)

40–60 year olds
History of COPD: no 10 761 (98.9) 206 270 (99.6) Reference Reference Reference
History of COPD: yes 116 (1.1) 772 (0.4) 2.8 (2.3 to 3.5) 1.6 (1.3 to 2.1) 1.5 (1.2 to 1.9)

61–95 year olds
History of COPD: no 8516 (94.7) 112 510 (98.0) Reference Reference Reference
History of COPD: yes 476 (5.3) 2315 (2.0) 2.4 (2.3 to 2.8) 2.3 (2.0 to 2.5) 2.2 (2.0 to 2.5)

*Adjusted only for sex, age and birth date through matching.
†Further adjusted for history of psychiatric illness.
‡Moreover adjusted for annual income level, place of residence, citizenship and marital status.
COPD, chronic obstructive pulmonary disease.

4 Strid JMC, et al. BMJ Open 2014;4:e006363. doi:10.1136/bmjopen-2014-006363

Open Access

group.bmj.com on October 24, 2016 - Published by http://bmjopen.bmj.com/Downloaded from 

Hospitalisation for chronic obstructive
pulmonary disease and risk of suicide:
a population-based case–control study

Jennie Maria Christin Strid,1,2 Christian Fynbo Christiansen,1 Morten Olsen,1

Ping Qin3,4

To cite: Strid JMC,
Christiansen CF, Olsen M,
et al. Hospitalisation for
chronic obstructive
pulmonary disease and risk
of suicide: a population-
based case–control study.
BMJ Open 2014;4:e006363.
doi:10.1136/bmjopen-2014-
006363

▸ Prepublication history for
this paper is available online.
To view these files please
visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2014-006363).

Received 14 August 2014
Revised 25 September 2014
Accepted 29 September 2014

1Department of Clinical
Epidemiology, Aarhus
University Hospital, Aarhus
N, Denmark
2Department of
Anesthesiology and Intensive
Care Medicine, Aarhus
University Hospital, Aarhus C,
Denmark
3National Centre for Register-
based Research, Aarhus
University, Aarhus C,
Denmark
4National Centre for Suicide
Research and Prevention,
Institute of Clinical Medicine,
University of Oslo, Oslo,
Norway

Correspondence to
Dr Ping Qin;
ping.qin@medisin.uio.no

ABSTRACT
Objectives: To examine risk of suicide among
individuals with hospitalised chronic obstructive
pulmonary disease (COPD) and to profile differences
according to sex, age, psychiatric history, and recency
and frequency of COPD hospitalisations.
Design: Nested case–control study.
Setting: Data were retrieved from Danish national
registries.
Participants: All suicide cases aged 40–95 years
deceased between 1981 and 2006 in Denmark
(n=19 869) and up to 20 live population controls per
case matched on sex and date of birth (n=321 867
controls).
Main outcome measures: The relative risk of
suicide associated with COPD was computed using
conditional logistic regression and adjusted for effects
of psychiatric history and important sociodemographic
factors.
Results: In our study population, 3% of suicide cases
had been hospitalised for COPD compared with 1% of
matched population controls. Thus, a hospitalised
COPD was associated with a significantly increased risk
for suicide (OR 2.6; 95% CI 2.3 to 2.8). The increased
risk remained significant after adjustment for
psychiatric history and sociodemographic variables
(OR 2.0; 95% CI 1.8 to 2.2), and increased
progressively with frequency and recency of COPD
hospitalisation. At the same time, suicide risk
associated with COPD differed significantly by sex, age
and psychiatric status. The relative risk was more
pronounced in women, in individuals older than
60 years and in persons with no history of psychiatric
illness.
Conclusions: COPD confers an important risk factor
for suicide completion. Risk assessment and
prevention efforts should take patients’ sex, age and
psychiatric history into consideration.

INTRODUCTION
Chronic obstructive pulmonary disease
(COPD) is characterised by progressive
airflow limitation associated with abnormal
pulmonary inflammation as a reaction to

irritating noxious particles and gases.1 2 The
disease is common, especially among older
people with previous tobacco smoking
habits.3 The mortality rate of COPD has
been rising since the 1990s and this disease
is expected to be one of the leading causes
of death worldwide in the next decades.4 5

COPD is associated with impaired quality of
life, hypoxia, anxiety and depression—risk
factors known for suicide.6–11 Although
studies have reported an increased risk for
suicide among patients with somatic
illness,7 12–14 to the best of our knowledge,
few studies have examined the relationship
between COPD and suicidal behaviour as the
primary aim. A US study based on data from
self-reported questionnaires showed an
increased OR of lifetime suicidal ideation
and suicide attempt in adults with COPD
compared with those without COPD.15

Another cohort study on sociodemographic,
psychiatric and somatic risk factors for
suicide in Sweden reported an increased risk
for suicide among women and men with
COPD.7 Recently, two studies using data from
the General Practice Research Database in
the UK also demonstrated an increased risk
of suicide and of self-harm that was asso-
ciated with COPD among a number of

Strengths and limitations of this study

▪ This study is based on data from five Danish
national longitudinal registers, ensuring full rep-
resentativeness, preciseness and minimum
plausible recall bias of the data.

▪ Only hospitalised chronic obstructive pulmonary
disease is considered in the analysis, and our
finding relies on the quality of data in the source
registers.

▪ The data cover a relatively long period, but we
miss lifetime information for individuals included
in the beginning of the study period and those at
advanced ages.

Strid JMC, et al. BMJ Open 2014;4:e006363. doi:10.1136/bmjopen-2014-006363 1
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Figure 1 Effects of subgroups of complex interventions on self-reported depression at post-treatment.
Note: Random-effects model was used. aIndependent comparison 1, exercise, education, and stress management; bindependent comparison 2, education and stress 
management; cindependent comparison 1, pulmonary rehabilitation and nutritional support; dindependent comparison 2, pulmonary rehabilitation.
Abbreviations: CBT, cognitive and behavioral therapy; CI, confidence interval; SMD, standardized mean difference.

in symptoms of depression and anxiety in COPD compared 
with other nonpharmacological approaches. Components 
of pulmonary rehabilitation vary, but typically include pre-
scribed supervised exercise training and self-management 
advice as well as multidisciplinary education about COPD 
and nutrition for a minimum of 6 weeks. Psychological and 
behavioral interventions may also be provided in the context 

of self-management advice, with an emphasis on  promoting 
adaptive behaviors such as self-efficacy.51 However, psy-
chological interventions are rarely provided alongside or 
integrated within pulmonary rehabilitation.70 Future research 
could address whether mental health professionals, in collabo-
ration with multidisciplinary pulmonary rehabilitation teams, 
could play important roles in the delivery of psychological 
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Figure 2 Effects of subgroups of complex interventions on self-reported anxiety at post-treatment.
Note: Random-effects model was used. aEducation and stress management; bexercise, education, and stress management; cindependent comparison 1, pulmonary rehabilitation 
and nutritional support; dindependent comparison 2, pulmonary rehabilitation.
Abbreviations: CBT, cognitive and behavioral therapy; CI, confidence interval; SMD, standardized mean difference.

interventions for common mental health problems in COPD 
patients attending pulmonary rehabilitation.

Interventions based on a CBT format are also poten-
tially effective for managing depression in COPD. These 
results are consistent with other meta-analyses showing that 

psychological interventions that include CBT significantly 
reduce symptoms of depression in people with long-term 
conditions.71,72 However, the size of the treatment effects 
associated with CBT in populations with long-term condi-
tions are small and possibly of trivial importance for patients. 
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assessed before and after a 40-session pulmonary rehabilitation programme in 2068 patients with COPD
(mean forced expiratory volume in 1 s of 49% predicted). Patients were ordered by their overall similarity
concerning their multidimensional response profile, which comprises the overall response on MRC
dyspnoea grade, 6MWD, cycle endurance time, Canadian Occupational Performance Measure
performance and satisfaction scores, Hospital Anxiety and Depression Scale anxiety and depression, and
St George’s Respiratory Questionnaire total score, using a novel non-parametric regression technique.

Patients were clustered into four groups with distinct multidimensional response profiles: n=378 (18.3%;
“very good responder”), n=742 (35.9%; “good responder”), n=731 (35.4%; “moderate responder”), and
n=217 (10.5%; “poor responder”). Patients in the “very good responder” cluster had higher symptoms of
dyspnoea, number of hospitalisations <12 months, worse exercise performance, worse performance and
satisfaction scores for problematic activities of daily life, more symptoms of anxiety and depression, worse
health status, and a higher proportion of patients following an inpatient PR programme compared to the
other three clusters.

A multidimensional response outcome needs to be considered to study the efficacy of pulmonary
rehabilitation services in patients with COPD, as responses to regular outcomes are differential within
patients with COPD.
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§  4 clusters of patients with substantially different 
response profiles have been generated. 

§  The efficacy of the PR programme has been 
evaluated based on the following MCIDs: 



Spruit et al. 2015 Eur Respir J; 46(6):1625-35. 

Differential response to pulmonary
rehabilitation in COPD: multidimensional
profiling

Martijn A. Spruit1, Ingrid M.L. Augustin1, Lowie Vanfleteren1, Daisy J.A. Janssen1,
Swetlana Gaffron2, Herman-Jan Pennings3, Frank Smeenk4, Willem Pieters5,
Jan J.A.M. van den Bergh6, Arent-Jan Michels7, Miriam T.J. Groenen1,
Erica P.A. Rutten1, Emiel F.M. Wouters1,8 and Frits M.E. Franssen1 on behalf of
the CIRO+ Rehabilitation Network

Affiliations: 1Dept of Research & Education, CIRO+, Center of Expertise for Chronic Organ Failure, Horn, The
Netherlands. 2Viscovery Software GmbH, Vienna, Austria. 3Dept of Respiratory Medicine, St. Laurentius
Hospital, Roermond, The Netherlands. 4Dept of Respiratory Medicine, Catharina Hospital, Eindhoven, The
Netherlands. 5Dept of Respiratory Medicine, Elkerliek Hospital, Helmond, The Netherlands. 6Dept of
Respiratory Medicine, St. Jans Gasthuis, Weert, The Netherlands. 7Dept of Respiratory Medicine, St Anna
Hospital, Geldrop, The Netherlands. 8Dept of Respiratory Medicine, Maastricht University Medical Center
(MUMC+), The Netherlands.

Correspondence: Martijn A. Spruit, CIRO, Dept of Research & Education, Hornerheide 1, 6085 NM Horn,
The Netherlands. E-mail: martijnspruit@ciro-horn.nl

ABSTRACT The aim of the present study was to profile a multidimensional response to pulmonary
rehabilitation in patients with chronic obstructive pulmonary disease (COPD).

Dyspnoea, exercise performance, health status, mood status and problematic activities of daily life were
assessed before and after a 40-session pulmonary rehabilitation programme in 2068 patients with COPD
(mean forced expiratory volume in 1 s of 49% predicted). Patients were ordered by their overall similarity
concerning their multidimensional response profile, which comprises the overall response on MRC
dyspnoea grade, 6MWD, cycle endurance time, Canadian Occupational Performance Measure
performance and satisfaction scores, Hospital Anxiety and Depression Scale anxiety and depression, and
St George’s Respiratory Questionnaire total score, using a novel non-parametric regression technique.

Patients were clustered into four groups with distinct multidimensional response profiles: n=378 (18.3%;
“very good responder”), n=742 (35.9%; “good responder”), n=731 (35.4%; “moderate responder”), and
n=217 (10.5%; “poor responder”). Patients in the “very good responder” cluster had higher symptoms of
dyspnoea, number of hospitalisations <12 months, worse exercise performance, worse performance and
satisfaction scores for problematic activities of daily life, more symptoms of anxiety and depression, worse
health status, and a higher proportion of patients following an inpatient PR programme compared to the
other three clusters.

A multidimensional response outcome needs to be considered to study the efficacy of pulmonary
rehabilitation services in patients with COPD, as responses to regular outcomes are differential within
patients with COPD.

@ERSpublications
Efficacy of pulmonary rehabilitation in patients with COPD needs to be assessed using a
multidimensional response http://ow.ly/RsfYK

Copyright ©ERS 2015

This article has supplementary material available from erj.ersjournals.com

Received: March 03 2015 | Accepted after revision: June 28 2015

Support statement: CIRO+ (Center of Expertise for Chronic Organ Failure) and Stichting “De Weijerhorst” financially
supported this study.

Conflict of interest: Disclosures can be found alongside the online version of this article at erj.ersjournals.com

Eur Respir J 2015; In press | DOI: 10.1183/13993003.00350-2015 1

ORIGINAL ARTICLE
IN PRESS | CORRECTED PROOF

 . Published on October 9, 2015 as doi: 10.1183/13993003.00350-2015ERJ Express

 Copyright 2015 by the European Respiratory Society.

§  4 clusters of patients with substantially different 
response profiles have been generated. 

§  The efficacy of the PR programme has been 
evaluated based on the following MCIDs: 

•  dyspnoea: −1 grade on MRC scale;
•  exercise performance: +30 m on 6MWD;  +100 s on cycle 

endurance time; 
•  problematic activities of daily life: +2 points on COPM-P 

[15]; +2 points on COPM-S (Canadian Occupational 
Performance Measure (COPM) ; 

•  mood status: −1.5 points on HADS-A; −1.5 points on 
HADS-D

•  health status: −4 points on SGRQ-T



Spruit et al. 2015 Eur Respir J; 46(6):1625-35. Differential response to pulmonary
rehabilitation in COPD: multidimensional
profiling

Martijn A. Spruit1, Ingrid M.L. Augustin1, Lowie Vanfleteren1, Daisy J.A. Janssen1,
Swetlana Gaffron2, Herman-Jan Pennings3, Frank Smeenk4, Willem Pieters5,
Jan J.A.M. van den Bergh6, Arent-Jan Michels7, Miriam T.J. Groenen1,
Erica P.A. Rutten1, Emiel F.M. Wouters1,8 and Frits M.E. Franssen1 on behalf of
the CIRO+ Rehabilitation Network

Affiliations: 1Dept of Research & Education, CIRO+, Center of Expertise for Chronic Organ Failure, Horn, The
Netherlands. 2Viscovery Software GmbH, Vienna, Austria. 3Dept of Respiratory Medicine, St. Laurentius
Hospital, Roermond, The Netherlands. 4Dept of Respiratory Medicine, Catharina Hospital, Eindhoven, The
Netherlands. 5Dept of Respiratory Medicine, Elkerliek Hospital, Helmond, The Netherlands. 6Dept of
Respiratory Medicine, St. Jans Gasthuis, Weert, The Netherlands. 7Dept of Respiratory Medicine, St Anna
Hospital, Geldrop, The Netherlands. 8Dept of Respiratory Medicine, Maastricht University Medical Center
(MUMC+), The Netherlands.

Correspondence: Martijn A. Spruit, CIRO, Dept of Research & Education, Hornerheide 1, 6085 NM Horn,
The Netherlands. E-mail: martijnspruit@ciro-horn.nl

ABSTRACT The aim of the present study was to profile a multidimensional response to pulmonary
rehabilitation in patients with chronic obstructive pulmonary disease (COPD).

Dyspnoea, exercise performance, health status, mood status and problematic activities of daily life were
assessed before and after a 40-session pulmonary rehabilitation programme in 2068 patients with COPD
(mean forced expiratory volume in 1 s of 49% predicted). Patients were ordered by their overall similarity
concerning their multidimensional response profile, which comprises the overall response on MRC
dyspnoea grade, 6MWD, cycle endurance time, Canadian Occupational Performance Measure
performance and satisfaction scores, Hospital Anxiety and Depression Scale anxiety and depression, and
St George’s Respiratory Questionnaire total score, using a novel non-parametric regression technique.

Patients were clustered into four groups with distinct multidimensional response profiles: n=378 (18.3%;
“very good responder”), n=742 (35.9%; “good responder”), n=731 (35.4%; “moderate responder”), and
n=217 (10.5%; “poor responder”). Patients in the “very good responder” cluster had higher symptoms of
dyspnoea, number of hospitalisations <12 months, worse exercise performance, worse performance and
satisfaction scores for problematic activities of daily life, more symptoms of anxiety and depression, worse
health status, and a higher proportion of patients following an inpatient PR programme compared to the
other three clusters.

A multidimensional response outcome needs to be considered to study the efficacy of pulmonary
rehabilitation services in patients with COPD, as responses to regular outcomes are differential within
patients with COPD.

@ERSpublications
Efficacy of pulmonary rehabilitation in patients with COPD needs to be assessed using a
multidimensional response http://ow.ly/RsfYK

Copyright ©ERS 2015

This article has supplementary material available from erj.ersjournals.com

Received: March 03 2015 | Accepted after revision: June 28 2015

Support statement: CIRO+ (Center of Expertise for Chronic Organ Failure) and Stichting “De Weijerhorst” financially
supported this study.

Conflict of interest: Disclosures can be found alongside the online version of this article at erj.ersjournals.com

Eur Respir J 2015; In press | DOI: 10.1183/13993003.00350-2015 1

ORIGINAL ARTICLE
IN PRESS | CORRECTED PROOF

 . Published on October 9, 2015 as doi: 10.1183/13993003.00350-2015ERJ Express

 Copyright 2015 by the European Respiratory Society.

clinically relevant observations, as patients, members from their social circle, healthcare professionals,
policy makers and payers have a clear interest in the cost-effectiveness of interventions related to the
integrated care of patients with COPD. So, to provide true transparency to its main stakeholders, PR
services need to give detailed insights in the efficacy of pulmonary rehabilitation on the individual
outcome measures, as well as in a multidimensional outcome measure.

The poor response to rehabilitation in a subgroup of patients does not seem to be COPD-specific and/or
rehabilitation-specific. Indeed, also subgroups of patients with chronic neurological diseases [35], chronic
cardiac diseases [36], or chronic musculoskeletal diseases [37] respond poorly to specialised rehabilitative
interventions. Moreover, response to pharmacological therapy [38, 39], ambulatory oxygen therapy [40],
bronchoscopic interventions [41] and lung volume reduction surgery [42] is also poor in subgroups of
patients with COPD. These findings emphasise the need for a personalised approach of patients with
chronic conditions, and the awareness that a “one size fits all” approach will not result in optimal chronic
disease management [43].

TABLE 3 Baseline characteristics after stratification for multidimensional response clusters

Baseline Very good responder Good responder Moderate responder Poor responder

Patients n (%) 378 (18.3) 742 (35.9) 731 (35.4) 217 (10.5)
Age years 62.9±8.8 63.7±9.0 64.2±8.7 64.4±9.1
Sex % women 41.8 43.9 42.7 42.4
FEV1 L 1.31±0.64 1.31±0.54 1.31±0.57 1.27±0.56
FEV1 % predicted 47.4±20.2 48.9±17.8 48.8±18.3 47.9±18.8
KCO % predicted 67.7±22.7 67.0±23.8 64.9±21.9 64.1±22.2
LTOT use % pts 21.7 15.9 12.2# 12.4#

PaO2 kPa 9.6±1.4 9.7±1.4 9.6±1.3 9.7±1.3
PaCO2 kPa 5.2±0.7 5.2±0.6 5.2±0.6 5.3±0.8
SaO2 % 94.9±2.6 95.0±2.4 95.1±2.1 95.0±2.1
MRC grade 3.7±1.1 3.3±1.1# 3.2±1.1# 3.2±1.1#

Exacerbation <12 m n 2.5±2.6 2.1±2.5 2.0±2.4# 2.0±1.9
Admission <12 m n 1.1±1.8 0.7±1.2# 0.6±1.3# 0.7±1.3#

CC index points 1.4±1.2 1.4±1.2 1.4±1.1 1.4±1.1
BMI kg·m−2 26.3±5.6 25.9±5.5 25.1±5.0#,¶ 24.8±4.6#,¶

FFMI kg·m−2 17.1±2.7 16.8±2.4 16.6±2.3# 16.5±2.2#

6MWD m 405±123 452±113# 461±112# 457±104#

6MWD % predicted 63.3±17.4 71.4±15.6# 72.3±16.0# 71.7±15.7#

PWR watts 68.2±32.3 73.5±31.4 72.9±30.5 70.4±28.3
PWR % predicted 50.5±22.7 59.1±27.0# 57.7±24.3# 57.3±26.3#

VO2 % predicted 64.2±24.6 70.5±32.7 68.3±31.1 69.8±34.1
Ventilation %MVV 84.3±22.3 84.0±21.2 83.9±20.8 87.2±22.6
CWRT s 295±173 320±225 326±265 296±238
COPM-P points 3.8±1.3 4.2±1.3# 4.5±1.3#,¶ 4.5±1.4#,¶

COPM-S points 3.2±1.6 3.6±1.7# 4.0±1.7#,¶ 4.1±1.8#,¶

HADS-A points 8.4±4.3 7.2±4.2# 6.8±4.3# 6.3±4.3#,¶

⩾8 points % pts 57.0 45.0# 38.0#,¶ 36.0#

HADS-D points 8.0±4.1 6.7±4.0# 6.4±4.0# 5.9±3.9#,¶

⩾8 points % pts 55.0 40.0# 36.0# 32.0#

SGRQ points 61.5±15.2 53.6±16.5# 50.2±17.1#,¶ 50.4±17.0#

BODE index points 4.0±2.3 3.4±2.1# 3.3±2.1# 3.4±2.0#

ADO index points 4.7±1.8 4.3±1.8# 4.3±1.6# 4.4±1.7
Inpatient/outpatient % 64/36 41/59# 31/69#,¶ 25/75#,¶

Data are presented as mean±SD, unless otherwise stated. FEV1: forced expiratory volume in 1 s; FVC:
forced vital capacity; KCO: transfer factor of the lung for carbon monoxide; PaO2: arterial oxygen tension;
PaCO2: arterial carbon dioxide tension; MRC: Medical Research Council; CC index: Charlson Comorbidity
index; BMI: body mass index; FFMI: fat-free mass index; 6MWD: 6-min walk distance; PWR: peak work
rate; V′O2: oxygen uptake; MVV: maximal voluntary ventilation; CWRT: constant work-rate test; COPM-P:
Canadian Occupational Performance Measure, performance score; COPM-S: Canadian Occupational
Performance Measure, satisfaction score; HADS-A: Hospital Anxiety and Depression Scale, anxiety scores;
HADS-D Hospital Anxiety and Depression Scale, depression scores; SGRQ-T: St. George’s Respiratory
Questionnaire, total score; BODE: body mass index, airflow obstruction, dyspnoea, exercise capacity; ADO:
age, dyspnoea, airflow obstruction. #: p<0.01 versus very good responder cluster; ¶: p<0.01 versus good
responder cluster. No statistically significant differences in baseline characteristics between moderate
responder and poor responder clusters.
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ABSTRACT The aim of the present study was to profile a multidimensional response to pulmonary
rehabilitation in patients with chronic obstructive pulmonary disease (COPD).

Dyspnoea, exercise performance, health status, mood status and problematic activities of daily life were
assessed before and after a 40-session pulmonary rehabilitation programme in 2068 patients with COPD
(mean forced expiratory volume in 1 s of 49% predicted). Patients were ordered by their overall similarity
concerning their multidimensional response profile, which comprises the overall response on MRC
dyspnoea grade, 6MWD, cycle endurance time, Canadian Occupational Performance Measure
performance and satisfaction scores, Hospital Anxiety and Depression Scale anxiety and depression, and
St George’s Respiratory Questionnaire total score, using a novel non-parametric regression technique.

Patients were clustered into four groups with distinct multidimensional response profiles: n=378 (18.3%;
“very good responder”), n=742 (35.9%; “good responder”), n=731 (35.4%; “moderate responder”), and
n=217 (10.5%; “poor responder”). Patients in the “very good responder” cluster had higher symptoms of
dyspnoea, number of hospitalisations <12 months, worse exercise performance, worse performance and
satisfaction scores for problematic activities of daily life, more symptoms of anxiety and depression, worse
health status, and a higher proportion of patients following an inpatient PR programme compared to the
other three clusters.

A multidimensional response outcome needs to be considered to study the efficacy of pulmonary
rehabilitation services in patients with COPD, as responses to regular outcomes are differential within
patients with COPD.
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clinically relevant observations, as patients, members from their social circle, healthcare professionals,
policy makers and payers have a clear interest in the cost-effectiveness of interventions related to the
integrated care of patients with COPD. So, to provide true transparency to its main stakeholders, PR
services need to give detailed insights in the efficacy of pulmonary rehabilitation on the individual
outcome measures, as well as in a multidimensional outcome measure.

The poor response to rehabilitation in a subgroup of patients does not seem to be COPD-specific and/or
rehabilitation-specific. Indeed, also subgroups of patients with chronic neurological diseases [35], chronic
cardiac diseases [36], or chronic musculoskeletal diseases [37] respond poorly to specialised rehabilitative
interventions. Moreover, response to pharmacological therapy [38, 39], ambulatory oxygen therapy [40],
bronchoscopic interventions [41] and lung volume reduction surgery [42] is also poor in subgroups of
patients with COPD. These findings emphasise the need for a personalised approach of patients with
chronic conditions, and the awareness that a “one size fits all” approach will not result in optimal chronic
disease management [43].

TABLE 3 Baseline characteristics after stratification for multidimensional response clusters

Baseline Very good responder Good responder Moderate responder Poor responder

Patients n (%) 378 (18.3) 742 (35.9) 731 (35.4) 217 (10.5)
Age years 62.9±8.8 63.7±9.0 64.2±8.7 64.4±9.1
Sex % women 41.8 43.9 42.7 42.4
FEV1 L 1.31±0.64 1.31±0.54 1.31±0.57 1.27±0.56
FEV1 % predicted 47.4±20.2 48.9±17.8 48.8±18.3 47.9±18.8
KCO % predicted 67.7±22.7 67.0±23.8 64.9±21.9 64.1±22.2
LTOT use % pts 21.7 15.9 12.2# 12.4#

PaO2 kPa 9.6±1.4 9.7±1.4 9.6±1.3 9.7±1.3
PaCO2 kPa 5.2±0.7 5.2±0.6 5.2±0.6 5.3±0.8
SaO2 % 94.9±2.6 95.0±2.4 95.1±2.1 95.0±2.1
MRC grade 3.7±1.1 3.3±1.1# 3.2±1.1# 3.2±1.1#

Exacerbation <12 m n 2.5±2.6 2.1±2.5 2.0±2.4# 2.0±1.9
Admission <12 m n 1.1±1.8 0.7±1.2# 0.6±1.3# 0.7±1.3#

CC index points 1.4±1.2 1.4±1.2 1.4±1.1 1.4±1.1
BMI kg·m−2 26.3±5.6 25.9±5.5 25.1±5.0#,¶ 24.8±4.6#,¶

FFMI kg·m−2 17.1±2.7 16.8±2.4 16.6±2.3# 16.5±2.2#

6MWD m 405±123 452±113# 461±112# 457±104#

6MWD % predicted 63.3±17.4 71.4±15.6# 72.3±16.0# 71.7±15.7#

PWR watts 68.2±32.3 73.5±31.4 72.9±30.5 70.4±28.3
PWR % predicted 50.5±22.7 59.1±27.0# 57.7±24.3# 57.3±26.3#

VO2 % predicted 64.2±24.6 70.5±32.7 68.3±31.1 69.8±34.1
Ventilation %MVV 84.3±22.3 84.0±21.2 83.9±20.8 87.2±22.6
CWRT s 295±173 320±225 326±265 296±238
COPM-P points 3.8±1.3 4.2±1.3# 4.5±1.3#,¶ 4.5±1.4#,¶

COPM-S points 3.2±1.6 3.6±1.7# 4.0±1.7#,¶ 4.1±1.8#,¶

HADS-A points 8.4±4.3 7.2±4.2# 6.8±4.3# 6.3±4.3#,¶

⩾8 points % pts 57.0 45.0# 38.0#,¶ 36.0#

HADS-D points 8.0±4.1 6.7±4.0# 6.4±4.0# 5.9±3.9#,¶

⩾8 points % pts 55.0 40.0# 36.0# 32.0#

SGRQ points 61.5±15.2 53.6±16.5# 50.2±17.1#,¶ 50.4±17.0#

BODE index points 4.0±2.3 3.4±2.1# 3.3±2.1# 3.4±2.0#

ADO index points 4.7±1.8 4.3±1.8# 4.3±1.6# 4.4±1.7
Inpatient/outpatient % 64/36 41/59# 31/69#,¶ 25/75#,¶

Data are presented as mean±SD, unless otherwise stated. FEV1: forced expiratory volume in 1 s; FVC:
forced vital capacity; KCO: transfer factor of the lung for carbon monoxide; PaO2: arterial oxygen tension;
PaCO2: arterial carbon dioxide tension; MRC: Medical Research Council; CC index: Charlson Comorbidity
index; BMI: body mass index; FFMI: fat-free mass index; 6MWD: 6-min walk distance; PWR: peak work
rate; V′O2: oxygen uptake; MVV: maximal voluntary ventilation; CWRT: constant work-rate test; COPM-P:
Canadian Occupational Performance Measure, performance score; COPM-S: Canadian Occupational
Performance Measure, satisfaction score; HADS-A: Hospital Anxiety and Depression Scale, anxiety scores;
HADS-D Hospital Anxiety and Depression Scale, depression scores; SGRQ-T: St. George’s Respiratory
Questionnaire, total score; BODE: body mass index, airflow obstruction, dyspnoea, exercise capacity; ADO:
age, dyspnoea, airflow obstruction. #: p<0.01 versus very good responder cluster; ¶: p<0.01 versus good
responder cluster. No statistically significant differences in baseline characteristics between moderate
responder and poor responder clusters.
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des 155 établissements 
offrant des programmes 
de RP:

- Seulement 0,4% des 
Canadiens atteints de 
MPOC y ont accès

-  Contraste avec la 
réadaptation cardiaque:
-  e.g., 34% des patients 

cardiaques à risque 
sont référés en 
Ontario
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Figure 2 Effects of subgroups of complex interventions on self-reported anxiety at post-treatment.
Note: Random-effects model was used. aEducation and stress management; bexercise, education, and stress management; cindependent comparison 1, pulmonary rehabilitation 
and nutritional support; dindependent comparison 2, pulmonary rehabilitation.
Abbreviations: CBT, cognitive and behavioral therapy; CI, confidence interval; SMD, standardized mean difference.

interventions for common mental health problems in COPD 
patients attending pulmonary rehabilitation.

Interventions based on a CBT format are also poten-
tially effective for managing depression in COPD. These 
results are consistent with other meta-analyses showing that 

psychological interventions that include CBT significantly 
reduce symptoms of depression in people with long-term 
conditions.71,72 However, the size of the treatment effects 
associated with CBT in populations with long-term condi-
tions are small and possibly of trivial importance for patients. 
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Figure 1 Effects of subgroups of complex interventions on self-reported depression at post-treatment.
Note: Random-effects model was used. aIndependent comparison 1, exercise, education, and stress management; bindependent comparison 2, education and stress 
management; cindependent comparison 1, pulmonary rehabilitation and nutritional support; dindependent comparison 2, pulmonary rehabilitation.
Abbreviations: CBT, cognitive and behavioral therapy; CI, confidence interval; SMD, standardized mean difference.

in symptoms of depression and anxiety in COPD compared 
with other nonpharmacological approaches. Components 
of pulmonary rehabilitation vary, but typically include pre-
scribed supervised exercise training and self-management 
advice as well as multidisciplinary education about COPD 
and nutrition for a minimum of 6 weeks. Psychological and 
behavioral interventions may also be provided in the context 

of self-management advice, with an emphasis on  promoting 
adaptive behaviors such as self-efficacy.51 However, psy-
chological interventions are rarely provided alongside or 
integrated within pulmonary rehabilitation.70 Future research 
could address whether mental health professionals, in collabo-
ration with multidisciplinary pulmonary rehabilitation teams, 
could play important roles in the delivery of psychological 

î symptômes 
dépressifs!

•  Efficacité bien inférieure à ce qu’on retrouve dans la littérature sur le traitement de 
la dépression/anxiété dans d’autres maladies physiques chroniques!

•  Méta-analyse de Beltman et al. (2010). Br J Psychiatry; 197(1):11-19!

Panagioti et (…) Coventry. International Journal of COPD 2014:9 1289–1306!
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Figure 2 Effects of subgroups of complex interventions on self-reported anxiety at post-treatment.
Note: Random-effects model was used. aEducation and stress management; bexercise, education, and stress management; cindependent comparison 1, pulmonary rehabilitation 
and nutritional support; dindependent comparison 2, pulmonary rehabilitation.
Abbreviations: CBT, cognitive and behavioral therapy; CI, confidence interval; SMD, standardized mean difference.

interventions for common mental health problems in COPD 
patients attending pulmonary rehabilitation.

Interventions based on a CBT format are also poten-
tially effective for managing depression in COPD. These 
results are consistent with other meta-analyses showing that 

psychological interventions that include CBT significantly 
reduce symptoms of depression in people with long-term 
conditions.71,72 However, the size of the treatment effects 
associated with CBT in populations with long-term condi-
tions are small and possibly of trivial importance for patients. 
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SMD (95% CI)
%
weight

CBT
Blumenthal96

Hynninen98

Kapella99

Kunik101

Kunik102

Lamers103

Livermore104

Alexopoulos68

Jang69

Walters67

Subtotal (l2=9.7%, P=0.353)

Self-management education
Bucknall87

Emery93,b

McGeoch107

Sassi-Dambron110

Taylor112

Subtotal (l2=0.0%, P=0.668)

Multi-component exercise training
de Blok88

de Godoy89

Effing91

Elçi92

Emery93,a

Griffiths95

Güell96

Hospes97

Kayahan100

Lolak105

Özdemir108

Paz-Díaz109

Ries114

Spencer111

Gurgun65,c

Gurgun65,d

Wadell66

Subtotal (l2=34.4%, P=0.081)

Relaxation
Donesky-Cuenco90

Lord94

Yeh113

Subtotal (l=0.0%, P=0.552)

−2 −1.5 −1 −0.5 0 0.5 1 1.5 2

Intervention Control

13.49
5.94
2.26
5.72
13.68
13.93
4.77
12.75
10.79
16.67
100.00

34.72
8.68
27.92
14.01
14.67
100.00

2.60
4.06
10.66
7.67
6.14
11.81
4.86
4.87
5.63
5.34
6.02
3.11
9.81
5.97
3.24
3.04
5.16
100.00

43.64
41.65
14.71
100.00

Note: Weights are from random effects analysis

Figure 1 Effects of subgroups of complex interventions on self-reported depression at post-treatment.
Note: Random-effects model was used. aIndependent comparison 1, exercise, education, and stress management; bindependent comparison 2, education and stress 
management; cindependent comparison 1, pulmonary rehabilitation and nutritional support; dindependent comparison 2, pulmonary rehabilitation.
Abbreviations: CBT, cognitive and behavioral therapy; CI, confidence interval; SMD, standardized mean difference.

in symptoms of depression and anxiety in COPD compared 
with other nonpharmacological approaches. Components 
of pulmonary rehabilitation vary, but typically include pre-
scribed supervised exercise training and self-management 
advice as well as multidisciplinary education about COPD 
and nutrition for a minimum of 6 weeks. Psychological and 
behavioral interventions may also be provided in the context 

of self-management advice, with an emphasis on  promoting 
adaptive behaviors such as self-efficacy.51 However, psy-
chological interventions are rarely provided alongside or 
integrated within pulmonary rehabilitation.70 Future research 
could address whether mental health professionals, in collabo-
ration with multidisciplinary pulmonary rehabilitation teams, 
could play important roles in the delivery of psychological 

î symptômes 
dépressifs!

•  Efficacité bien inférieure à ce qu’on retrouve dans la littérature sur le traitement de 
la dépression/anxiété dans d’autres maladies physiques chroniques!

•  Méta-analyse de Beltman et al. (2010). Br J Psychiatry; 197(1):11-19!

•  Techniques de CBT pour combattre les ruminations et les comportements 
d’évitements pourraient ne pas être efficaces chez les patients MPOC !

•  où ces comportements sont déclenchés par des symptômes 
réels et significatifs de la MPOC comme la DYSPNÉE!

Panagioti et (…) Coventry. International Journal of COPD 2014:9 1289–1306!
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Reference Forest plot

CBT
Blumenthal86

Hynninen98

Kapella99

Kunik102

Kunik101

Lamers103

Livermore104

Jang69

Walters67

Subtotal (l2=81.4%, P=0.000)

Self-management education 

Bucknall87

Emery93,a

McGeoch107

Sassi-Dambron110

Taylor112

Subtotal (l2=48.1%, P=0.103)

−0.14 (−0.43, 0.15)
0.36 (−0.21, 0.93)

0.26 (−0.06, 0.58)

−0.11 (−0.56, 0.33)
−0.35 (−0.79, 0.09)
−0.01 (−0.25, 0.24)

Multi-component exercise training
de Godoy89

Effing91

Elçi92

Emery93,b

Griffiths95

Güell96

Kayahan100

Lolak105

Özdemir108

Paz-Díaz109

Spencer111

Gurgun65,c

Gurgun65,d

Wadell66

Subtotal (l2=55.4%, P=0.006)

Relaxation
Donesky-Cuenco90

Gift94

Lord106

Intervention

−2 −1.5 −1 −0.5 0 0.5 1 1.5 2

Control

Subtotal (l2=0.0%, P=0.945)

Note: Weights are from random effects analysis

0.16 (−0.20, 0.52)
−0.53 (−1.08, 0.03)
0.36(−0.57, 1.30)
0.07 (−0.50, 0.64)
−0.11 (−0.46, 0.25)
−0.12 (−0.46, 0.23)
−0.71 (−1.35, −0.08)
−1.54 (−2.00, −1.08)
−0.16 (−0.48, 0.15)
−0.30(−0.65, 0.05)

−0.73 (−1.48, 0.01)
−0.22 (−0.56, 0.13)
−1.58 (−2.09, −1.07)
−0.13 (−0.69, 0.42)
−0.38 (−0.67, −0.08)
−0.20 (−0.86, 0.47)
−0.50 (−1.10, 0.10)
0.09 (−0.53, 0.71)
−0.39 (−0.95, 0.17)
−0.79 (−1.63, 0.05)
−0.25 (−0.82, 0.32)
−0.52 (−1.40, 0.35)
−0.98 (−1.89, −0.07)
−0.22 (−0.84, 0.40)
−0.46 (−0.69, −0.23)

−0.13 (−0.86, 0.60)
−0.22 (−0.99, 0.55)

−0.31 (−1.06, 0.44)
−0.22 (−0.65, 0.21)

26.78
12.90

24.68

17.66
18.00
100.00

12.54
10.52
7.08
10.40
12.57
12.62
9.77
11.57
12.93
100.00

5.65
10.71
8.27
7.68
11.47
6.42
7.13
6.89
7.62
4.81
7.52
4.60
4.36
6.87
100.00

35.14
31.42

33.44
100.00

SMD (95% CI)
%
weight

Figure 2 Effects of subgroups of complex interventions on self-reported anxiety at post-treatment.
Note: Random-effects model was used. aEducation and stress management; bexercise, education, and stress management; cindependent comparison 1, pulmonary rehabilitation 
and nutritional support; dindependent comparison 2, pulmonary rehabilitation.
Abbreviations: CBT, cognitive and behavioral therapy; CI, confidence interval; SMD, standardized mean difference.

interventions for common mental health problems in COPD 
patients attending pulmonary rehabilitation.

Interventions based on a CBT format are also poten-
tially effective for managing depression in COPD. These 
results are consistent with other meta-analyses showing that 

psychological interventions that include CBT significantly 
reduce symptoms of depression in people with long-term 
conditions.71,72 However, the size of the treatment effects 
associated with CBT in populations with long-term condi-
tions are small and possibly of trivial importance for patients. 

î symptômes 
anxieux!
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−0.21 (−0.83, 0.41)
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−0.65 (−1.28, −0.01)
−0.48 (−0.65, −0.31)

−0.25 (−0.98, 0.49)  
−0.34 (−1.09, 0.40)
0.45 (−0.81, 1.71)
−0.18 (−0.67, 0.30)

SMD (95% CI)
%
weight

CBT
Blumenthal96

Hynninen98

Kapella99

Kunik101

Kunik102

Lamers103

Livermore104

Alexopoulos68

Jang69

Walters67

Subtotal (l2=9.7%, P=0.353)

Self-management education
Bucknall87

Emery93,b

McGeoch107

Sassi-Dambron110

Taylor112

Subtotal (l2=0.0%, P=0.668)

Multi-component exercise training
de Blok88

de Godoy89

Effing91

Elçi92

Emery93,a

Griffiths95

Güell96

Hospes97

Kayahan100

Lolak105

Özdemir108

Paz-Díaz109

Ries114
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Gurgun65,c

Gurgun65,d
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Subtotal (l2=34.4%, P=0.081)
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Yeh113

Subtotal (l=0.0%, P=0.552)

−2 −1.5 −1 −0.5 0 0.5 1 1.5 2

Intervention Control

13.49
5.94
2.26
5.72
13.68
13.93
4.77
12.75
10.79
16.67
100.00

34.72
8.68
27.92
14.01
14.67
100.00

2.60
4.06
10.66
7.67
6.14
11.81
4.86
4.87
5.63
5.34
6.02
3.11
9.81
5.97
3.24
3.04
5.16
100.00

43.64
41.65
14.71
100.00

Note: Weights are from random effects analysis

Figure 1 Effects of subgroups of complex interventions on self-reported depression at post-treatment.
Note: Random-effects model was used. aIndependent comparison 1, exercise, education, and stress management; bindependent comparison 2, education and stress 
management; cindependent comparison 1, pulmonary rehabilitation and nutritional support; dindependent comparison 2, pulmonary rehabilitation.
Abbreviations: CBT, cognitive and behavioral therapy; CI, confidence interval; SMD, standardized mean difference.

in symptoms of depression and anxiety in COPD compared 
with other nonpharmacological approaches. Components 
of pulmonary rehabilitation vary, but typically include pre-
scribed supervised exercise training and self-management 
advice as well as multidisciplinary education about COPD 
and nutrition for a minimum of 6 weeks. Psychological and 
behavioral interventions may also be provided in the context 

of self-management advice, with an emphasis on  promoting 
adaptive behaviors such as self-efficacy.51 However, psy-
chological interventions are rarely provided alongside or 
integrated within pulmonary rehabilitation.70 Future research 
could address whether mental health professionals, in collabo-
ration with multidisciplinary pulmonary rehabilitation teams, 
could play important roles in the delivery of psychological 

î symptômes 
dépressifs!

•  Efficacité bien inférieure à ce qu’on retrouve dans la littérature sur le traitement de 
la dépression/anxiété dans d’autres maladies physiques chroniques!

•  Méta-analyse de Beltman et al. (2010). Br J Psychiatry; 197(1):11-19!

•  Techniques de CBT pour combattre les ruminations et les comportements 
d’évitements pourraient ne pas être efficaces chez les patients MPOC !

•  où ces comportements sont déclenchés par des symptômes 
réels et significatifs de la MPOC comme la DYSPNÉE!

Efficacité prometteuse des traitements psychologique 
de la 3ème vague centrés sur le PROCESSUS des pensées 
(plutôt que sur le CONTENU comme dans le CBT) aident 
les patients à:!

- devenir conscient de leur pensée et les accepter 
sans porter de jugement !

!
                                  Archer et al., Cochrane 2012;10:CD006525.!

Panagioti et (…) Coventry. International Journal of COPD 2014:9 1289–1306!
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Summary
Chronic Obstructive Pulmonary Disease (COPD) is a chronic inflammatory lung disease charac-
terized by progressive and only partially reversible symptoms and by considerable negative
consequences such as reductions in functional status and quality of life. Comorbid depression
is highly prevalent in patients with COPD and related to a worse course of the disease. Despite
its negative impact, depression often remains unrecognized and untreated in COPD patients.
This review summarizes the current state of findings from studies examining the effects of
antidepressant treatments in patients with COPD. Reviewed treatment options are antidepres-
sant medical therapy and cognitive-behavioral therapy (CBT). Antidepressant medical trials
include treatments with selective serotonin reuptake inhibitors (SSRI) or tricyclic antidepres-
sants (TCA); CBT was applied using various components. Across both treatment types, the
majority of studies included patients with a wide range of psychiatric conditions and especially
comorbid symptoms of anxiety were often not controlled. Furthermore, greatly varying instru-
ments and methods for assessing depressive symptoms, small sample sizes and rather hetero-
geneous results were observed. This makes the comparison of treatment options rather
difficult and prevents definite conclusions. However, some important implications valuable
for further research were obtained. Some limited data suggested that SSRI might show fewer
side effects than TCA. A few antidepressants as well as beneficial effects in other outcomes
were observed after antidepressant medical treatment. More clearly, CBT showed some poten-
tial in terms of improvements in depressive symptoms, and also in other outcome measures.
Patient compliance seems more promising for CBT than for antidepressant medical treatment.
Overall, the reviewed studies suggest some promising effects for both treatment types and

Abbreviations: 6MWD, 6-min walking test distance; CBT, cognitive-behavioral therapy; COPD, chronic obstructive pulmonary disease; FEV1,
forced expiratory volume in the first second; TCA, tricyclic antidepressant; SSRI, selective serotonin reuptake inhibitors; QoL, quality of
life.
* Corresponding author. Tel.: þ4940428386292; fax: þ494051491557.
E-mail address: anja.fritzsche@uni-hamburg.de (A. Fritzsche).

ava i lab le at www.sc iencedi rec t .com
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Respiratory Medicine (2011) 105, 1422e1433

0954-6111/$ - see front matter ª 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.rmed.2011.05.014

§  Essais cliniques sur les anti-dépresseurs!
-  avec les inhibiteurs sélectifs du recaptage de la 

sérotonine (SSRI; n = 6) !
- ou antidépresseurs tricycliques (TCA; n = 5) !

J Clin Psychiatry 74:6, June 2013 !



Table 1 Antidepressant medical treatment drug therapy in COPD patients; TCA treatment trials.

TCA study Study design Intervention Participants Instruments Outcome ESa for depression

Gordon et al.
(1985)

Randomized
double-blind
crossover trial

Desipramine for 8 wks and
placebo for 8 wks, order
was blinded. Initial
dose 25 mg/d, increased
weekly to maximum
tolerated (not
exceeding 100 mg).

N Z 13, stable COPD
outpatients stage III. None
met DSM-III criteria of
depression. N Z 6
completed trial. Anxiety
not assessed.

BDI and Zung
self-rating
depression scale

Depression scores improved
significantly after treatment
with placebo and with
desipramine. No effect on
physiological measures.

d Z 0.85 for
desipramine
group, d Z 0.99
for placebo group

Light et al.
(1986)

Randomized
double-blind
crossover trial

Doxepin hydrochloride for 6
wks and placebo 6 wks,
order was blinded. Doses
received as tolerated.
Maximum dose 105 mg/d.

N Z 12 outpatients with
COPD stage III and high
levels of depression. N Z 9
completed trial. Anxiety
scores higher than average
for hospitalized veterans.

BDI; 12MWD;
Spielberger’s
state-trait
anxiety
inventory

No significant improvements
in exercise capacity or
depression and anxiety
scores. Increase in 12MWD
correlated with improvements
in depression or anxiety.

d Z 0.46 for
placebo, d Z 0.37
for doxepin
hydrochloride group

Sharma et al.
(1988)

Double-blind
method

Imipramineediazepam
combination

N Z 10 consecutive COPD
patients (all stages)
evaluated for depressive
disorders

N.A. Helped depressed patients
recover faster, but diazepam
may trigger respiratory failure.

e

Borson et al.
(1992)

Randomized
double-blind
placebo-
controlled trial

Nortriptyline vs. placebo
for 12 wks ¼ of 1 mg/kg
of body weight increased
weekly until 1 mg/kg
of body weight.

N Z 36 in patients with COPD
stage IIeIII and comorbid
depressive disorder (DSM-III
criteria). N Z 30 (n Z 17
placebo) completed trial. 83%
with significant anxiety
symptoms

CGI, Hamilton
depression
rating scale;
PRAS; 12MWD;
PFSI; SIP;
Dyspnea
questionnaire

Superior improvements for
nortriptyline group in depression.
Further improvements in anxiety,
respiratory symptoms, physical
comfort and day-to-day
functioning. No change in
physiological measures

dkorr Z !1.07

Ström et al.
(1995)

Randomized
double-blind
placebo-
controlled trial

Protriptyline vs. placebo
for 12 wks, 10 mg/d.

N Z 26 (n Z 12 placebo)
stable COPD patients, at
least stage II, with mild to
moderate hypoxaemia. N Z 5
completed trial

HADS, MACL; SIP;
Dyspnea
(self-developed
scale)

No improvement in depression
or anxiety scores, arterial
blood gas tension, spirometry
values, dyspnea or QoL scores.
High rates of anticholinergic side
effects

dkorr Z !0.33

/d Z a day; 12MWD Z 12 min walking distance; BDI Z Beck Depression Inventory; CGI Z Clinical Global Improvement Scale; COPD Z chronic obstructive pulmonary disease; ES Z effect
size; HADS Z Hospital Anxiety and Depression Scale; MACL Z Mood Adjective Checklist; n.a. Z not available; PFSI Z Pulmonary Functional Status Instrument; PRAS Z Patient-Rated
Anxiety Scale; QoL Z Quality of life; SIP Z Sickness Impact Profile (generic health status); Stage IeIV Z Global Initiative for Obstructive Lung Disease (GOLD) standard for severity of
COPD; TCA Z tricyclic Antidepressant; wks Z weeks.
a Effect sizes are reported when available or calculation possible.
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Table 2 Antidepressant medical treatment in COPD patients; SSRI treatment trials.

SSRI study Study design Intervention Participants Instruments Outcome ESa for depression

Papp et al.
(1995)

Pilot study;
descriptive

Sertraline for 6 wks,
12.5 mg/d. Increased
to 100 mg during first
2 wks.

N Z 6 consecutive COPD (severity
not reported) outpatients, 3 with
comorbid anxiety or depression.

n.a. Well tolerated, all reported general
sense of well being. 5 showed
improvements on daily living
activity scale. No improvements
in physiological parameters,
subjective improvement in
psychiatric conditions.

e

Smoller et al.
(1998)

Case reports
(6 retro-1
prospectively)

Sertraline (25e
100 mg/d) added to
regular medication.
Varying durations.

N Z 7 patients with obstructive
airways disease (incl. asthma).
Psychiatric conditions varied.

Varied across
patients

Improvements in dyspnea,
regardless of comorbidities,
but not in FEV1. Some reported
improvements in exercise tolerance,
mood, and anxiety.

e

Evans et al.
(1997)

Randomized
double-blind
placebo-
controlled trial

Fluoxetine vs. placebo
for 8 wks, 20 mg/d.

N Z 82 acute geriatric medical
inpatients with depression (ELDRS,
GMS). N Z 42 (n Z 21 placebo)
completed trial. N Z 38 with
respiratory diseases.

HAMD, ELDRS,
GMS

No significant difference between
groups in response rate. Trend for
fluoxetine group to respond better
than controls after 8 wks (subjective
report). Significantly more recovery
from depression after !5 wks fluoxetine.

e

Yohannes et al.
(2001)

Single-blinded,
open study

Fluoxetine for 6 mths,
20 mg/d.

N Z 57 COPD patients stage IIeIII
and depression (GMS). N Z 14
agreed to fluoxetine, N Z 7
completed. Anxiety not assessed.

GMS and
MADRS;
MRADL, BPQ

72% refusal rate. Of the 7 who
completed trial, 4 responded to
fluoxetine (criteria for major
depression). 5 withdrew because of
adverse side effects.

e

Lacasse et al.
(2004)

Randomized
double-blind
placebo-
controlled trial

Paroxetine vs. placebo
for 12 wks, 2 patients
10 mg/d, other
tolerated 20 mg/d.

N Z 23 outpatients with COPD
(average stage III) and significant
depressive symptoms (GDS).
N Z 15 (n Z 7 placebo) completed
trial. Anxiety not assessed.

GDS; SF-36,
CRQ

GDS improved significantly after paroxetine
but not after placebo. Adjusted between-
group mean difference ns. Significant
improvements in emotion and mastery
domains and clinically important
improvement (ns.) in dyspnea and fatigue
scale after paroxetine. Respiratory stable.

e

Eiser et al.
(2005)

Randomized
double-blind
placebo-
controlled trial

Paroxetine vs. placebo
for 6 wks, unblinded
paroxetine for 3 mths.
20 mg/d.

N Z 28 stable outpatients with
COPD stage IIeIII and depression
(ICD-10 criteria)

HADS, BDI and
MADRS. SGRQ;
6MWD

6 wks of blinded treatment led to ns.
between-group differences. After
unblinded 3 mths of treatment, depression
scores, walking distances and QoL had
significantly improved.

HADS-D:
d Z 1.33
BDI: d Z 1.27
MADRS:
d Z 1.98

/d Z a day; 6MWD Z Six-min walking distance; BDI Z Beck Depression Inventory; BPQ Z Breathing Problems Questionnaire; COPD Z chronic obstructive pulmonary disease;
CRQ Z Chronic Respiratory Questionnaire (COPD disease-specific QoL inventory); ELDRS Z Evans Liverpool Depression Rating Scale; FEV1 Z Forced expiratory volume in 1 s;
GDS Z Geriatric Depression Scale; HADS Z Hospital Anxiety and Depression Scale; GMS Z Geriatric Mental State; HAMD Z Hamilton Depression Rating Scale; MADRS Z Montgomery-
Asberg Depression Rating Scale; mths Z months; MRADL Z Manchester Respiratory Activities of Daily Living Questionnaire; n.a. Z not available; ns. Z not significant; SF-36 Z Medical
Outcome Survey e Short Form 36 (general health related QoL); SGRQ Z St. George’s Respiratory Questionnaire (perceived health status); SSRI Z selective serotonin reuptake inhibitor;
Stage IeIV Z Global Initiative for Obstructive Lung Disease (GOLD) standard for severity of COPD; QoL Z Quality of life; wks Z weeks.
a Effect sizes are reported when available or calculation possible.
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Table 1 Antidepressant medical treatment drug therapy in COPD patients; TCA treatment trials.

TCA study Study design Intervention Participants Instruments Outcome ESa for depression

Gordon et al.
(1985)

Randomized
double-blind
crossover trial

Desipramine for 8 wks and
placebo for 8 wks, order
was blinded. Initial
dose 25 mg/d, increased
weekly to maximum
tolerated (not
exceeding 100 mg).

N Z 13, stable COPD
outpatients stage III. None
met DSM-III criteria of
depression. N Z 6
completed trial. Anxiety
not assessed.

BDI and Zung
self-rating
depression scale

Depression scores improved
significantly after treatment
with placebo and with
desipramine. No effect on
physiological measures.

d Z 0.85 for
desipramine
group, d Z 0.99
for placebo group

Light et al.
(1986)

Randomized
double-blind
crossover trial

Doxepin hydrochloride for 6
wks and placebo 6 wks,
order was blinded. Doses
received as tolerated.
Maximum dose 105 mg/d.

N Z 12 outpatients with
COPD stage III and high
levels of depression. N Z 9
completed trial. Anxiety
scores higher than average
for hospitalized veterans.

BDI; 12MWD;
Spielberger’s
state-trait
anxiety
inventory

No significant improvements
in exercise capacity or
depression and anxiety
scores. Increase in 12MWD
correlated with improvements
in depression or anxiety.

d Z 0.46 for
placebo, d Z 0.37
for doxepin
hydrochloride group

Sharma et al.
(1988)

Double-blind
method

Imipramineediazepam
combination

N Z 10 consecutive COPD
patients (all stages)
evaluated for depressive
disorders

N.A. Helped depressed patients
recover faster, but diazepam
may trigger respiratory failure.

e

Borson et al.
(1992)

Randomized
double-blind
placebo-
controlled trial

Nortriptyline vs. placebo
for 12 wks ¼ of 1 mg/kg
of body weight increased
weekly until 1 mg/kg
of body weight.

N Z 36 in patients with COPD
stage IIeIII and comorbid
depressive disorder (DSM-III
criteria). N Z 30 (n Z 17
placebo) completed trial. 83%
with significant anxiety
symptoms

CGI, Hamilton
depression
rating scale;
PRAS; 12MWD;
PFSI; SIP;
Dyspnea
questionnaire

Superior improvements for
nortriptyline group in depression.
Further improvements in anxiety,
respiratory symptoms, physical
comfort and day-to-day
functioning. No change in
physiological measures

dkorr Z !1.07

Ström et al.
(1995)

Randomized
double-blind
placebo-
controlled trial

Protriptyline vs. placebo
for 12 wks, 10 mg/d.

N Z 26 (n Z 12 placebo)
stable COPD patients, at
least stage II, with mild to
moderate hypoxaemia. N Z 5
completed trial

HADS, MACL; SIP;
Dyspnea
(self-developed
scale)

No improvement in depression
or anxiety scores, arterial
blood gas tension, spirometry
values, dyspnea or QoL scores.
High rates of anticholinergic side
effects

dkorr Z !0.33

/d Z a day; 12MWD Z 12 min walking distance; BDI Z Beck Depression Inventory; CGI Z Clinical Global Improvement Scale; COPD Z chronic obstructive pulmonary disease; ES Z effect
size; HADS Z Hospital Anxiety and Depression Scale; MACL Z Mood Adjective Checklist; n.a. Z not available; PFSI Z Pulmonary Functional Status Instrument; PRAS Z Patient-Rated
Anxiety Scale; QoL Z Quality of life; SIP Z Sickness Impact Profile (generic health status); Stage IeIV Z Global Initiative for Obstructive Lung Disease (GOLD) standard for severity of
COPD; TCA Z tricyclic Antidepressant; wks Z weeks.
a Effect sizes are reported when available or calculation possible.
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Table 2 Antidepressant medical treatment in COPD patients; SSRI treatment trials.

SSRI study Study design Intervention Participants Instruments Outcome ESa for depression

Papp et al.
(1995)

Pilot study;
descriptive

Sertraline for 6 wks,
12.5 mg/d. Increased
to 100 mg during first
2 wks.

N Z 6 consecutive COPD (severity
not reported) outpatients, 3 with
comorbid anxiety or depression.

n.a. Well tolerated, all reported general
sense of well being. 5 showed
improvements on daily living
activity scale. No improvements
in physiological parameters,
subjective improvement in
psychiatric conditions.

e

Smoller et al.
(1998)

Case reports
(6 retro-1
prospectively)

Sertraline (25e
100 mg/d) added to
regular medication.
Varying durations.

N Z 7 patients with obstructive
airways disease (incl. asthma).
Psychiatric conditions varied.

Varied across
patients

Improvements in dyspnea,
regardless of comorbidities,
but not in FEV1. Some reported
improvements in exercise tolerance,
mood, and anxiety.

e

Evans et al.
(1997)

Randomized
double-blind
placebo-
controlled trial

Fluoxetine vs. placebo
for 8 wks, 20 mg/d.

N Z 82 acute geriatric medical
inpatients with depression (ELDRS,
GMS). N Z 42 (n Z 21 placebo)
completed trial. N Z 38 with
respiratory diseases.

HAMD, ELDRS,
GMS

No significant difference between
groups in response rate. Trend for
fluoxetine group to respond better
than controls after 8 wks (subjective
report). Significantly more recovery
from depression after !5 wks fluoxetine.

e

Yohannes et al.
(2001)

Single-blinded,
open study

Fluoxetine for 6 mths,
20 mg/d.

N Z 57 COPD patients stage IIeIII
and depression (GMS). N Z 14
agreed to fluoxetine, N Z 7
completed. Anxiety not assessed.

GMS and
MADRS;
MRADL, BPQ

72% refusal rate. Of the 7 who
completed trial, 4 responded to
fluoxetine (criteria for major
depression). 5 withdrew because of
adverse side effects.

e

Lacasse et al.
(2004)

Randomized
double-blind
placebo-
controlled trial

Paroxetine vs. placebo
for 12 wks, 2 patients
10 mg/d, other
tolerated 20 mg/d.

N Z 23 outpatients with COPD
(average stage III) and significant
depressive symptoms (GDS).
N Z 15 (n Z 7 placebo) completed
trial. Anxiety not assessed.

GDS; SF-36,
CRQ

GDS improved significantly after paroxetine
but not after placebo. Adjusted between-
group mean difference ns. Significant
improvements in emotion and mastery
domains and clinically important
improvement (ns.) in dyspnea and fatigue
scale after paroxetine. Respiratory stable.

e

Eiser et al.
(2005)

Randomized
double-blind
placebo-
controlled trial

Paroxetine vs. placebo
for 6 wks, unblinded
paroxetine for 3 mths.
20 mg/d.

N Z 28 stable outpatients with
COPD stage IIeIII and depression
(ICD-10 criteria)

HADS, BDI and
MADRS. SGRQ;
6MWD

6 wks of blinded treatment led to ns.
between-group differences. After
unblinded 3 mths of treatment, depression
scores, walking distances and QoL had
significantly improved.

HADS-D:
d Z 1.33
BDI: d Z 1.27
MADRS:
d Z 1.98

/d Z a day; 6MWD Z Six-min walking distance; BDI Z Beck Depression Inventory; BPQ Z Breathing Problems Questionnaire; COPD Z chronic obstructive pulmonary disease;
CRQ Z Chronic Respiratory Questionnaire (COPD disease-specific QoL inventory); ELDRS Z Evans Liverpool Depression Rating Scale; FEV1 Z Forced expiratory volume in 1 s;
GDS Z Geriatric Depression Scale; HADS Z Hospital Anxiety and Depression Scale; GMS Z Geriatric Mental State; HAMD Z Hamilton Depression Rating Scale; MADRS Z Montgomery-
Asberg Depression Rating Scale; mths Z months; MRADL Z Manchester Respiratory Activities of Daily Living Questionnaire; n.a. Z not available; ns. Z not significant; SF-36 Z Medical
Outcome Survey e Short Form 36 (general health related QoL); SGRQ Z St. George’s Respiratory Questionnaire (perceived health status); SSRI Z selective serotonin reuptake inhibitor;
Stage IeIV Z Global Initiative for Obstructive Lung Disease (GOLD) standard for severity of COPD; QoL Z Quality of life; wks Z weeks.
a Effect sizes are reported when available or calculation possible.
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n = 13

n = 12

n = 36

n = 26

n = 10

n = 6

n = 7

n = 38

n = 57

n = 23

n = 28

-  petits échantillons!
-  faible observance!
-  abandon ++ (du aux effets secondaires)!
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-  ✅ Impacts sur les coûts médicaux directs (comorbidités les 

plus couteuses dans l’asthme) et indirects.

-  ✅ Traitements non-pharmacologiques efficaces (réadaptation 

respiratoire – surtout quand elle inclut une intervention 
psychologique)
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