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ORIGINAL RESEARCH
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Abstract

Rationale: Anxiety is a common comorbidity of chronic
obstructive pulmonary disease (COPD) that is associated with
higher morbidity and mortality. We evaluated three anxiety screening
questionnaires: the Generalized Anxiety Disorder 7-Item Scale (GAD-
7), the Hospital Anxiety and Depression Scale Anxiety subscale
(HADS-A), and the Anxiety Inventory for Respiratory Disease (AIR).

Objectives: To evaluate and compare the test performance
characteristics of three anxiety screening questionnaires, using the
Mini-International Neuropsychiatric Interview (MINI), version 7.0,
as the “gold standard.”

Methods: Individuals withCOPDwere recruited at 16 centers. TheMINI
and questionnaires were administered by trained research coordinators at
an in-person visit and readministered by telephone 2–4 weeks later. A
composite score for the presence of anyDiagnostic and Statistical Manual of
Mental Disorders, 5th edition (DSM-V) anxiety disorder was computed,
based on the MINI as the gold standard, compared with a participant
screening positive on self-report measures for these analyses.

Results: Two hundred and twenty eligible individuals with COPD
were enrolled; 219 completed the study. Eleven percent were

identified as having a DSM-V anxiety disorder, based on the MINI.
Elevated anxiety symptoms based on questionnaires were 38% for the
AIR, 30% for the GAD-7, and 20% for the HADS-A. Area under the
receiver operating characteristic curve (AUC) was highest for the GAD-7
(0.78; 95% confidence interval [CI], 0.69–0.87), followed by the HADS-A
(0.74; 95% CI, 0.64–0.84) and the AIR (0.66; 95% CI, 0.56–0.76). The
AUC for the GAD-7 was significantly greater than for the AIR (P=
0.014). Sensitivity was not statistically different among the questionnaires:
77% for the GAD-7, 63% for the HADS-A, and 66% for the AIR. The
HADS-A had the highest specificity, 85%, which was significantly higher
than that of the GAD-7 (77%; P, 0.001) and the AIR (65%; P, 0.001);
GAD-7 specificity was higher than AIR specificity (P, 0.001).

Conclusions: Symptoms of anxiety among patients with COPD
as identified by screening questionnaires were common and
significantly higher than the prevalence of anxiety disorder meeting
DSM-V criteria. The GAD-7, the HADS-A and the AIR
questionnaires had fair to moderate psychometric properties as
screening tools for anxiety in individuals with COPD, indicating the
need for improved measures for this patient population.

Keywords: test anxiety scale; chronic obstructive pulmonary
disease; anxiety; psychometric properties
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Chronic obstructive pulmonary disease
(COPD) affects 11 to 14 million adults in the
United States, and the financial burden of
caring for COPD is estimated to cost more
than 70 billion dollars annually (1, 2). It is
the third leading cause of premature death
in the United States (3), a leading cause
of disability resulting in poor quality of life
(4, 5), and is associated with frequent
exacerbations and hospitalizations (6).
Comorbidities are common in individuals
with COPD. The prevalence of anxiety in
individuals with COPD is estimated to be
between 16% and 31% (7, 8). Anxiety in
patients with COPD is associated with
increased mortality and morbidity,
including more exacerbations, longer
hospital stays, and more functional
limitations (7, 9–14). However, anxiety
often goes undetected and untreated in
individuals with COPD (15) because
screening for anxiety is not routinely
performed.

Underdiagnosis of anxiety in COPD
may also be related to the overlap between
somatic symptoms of anxiety with
respiratory symptoms of COPD.
Generalized anxiety disorder (GAD; chronic
worry and physical symptoms) and panic
disorder (sudden intense fear with no trigger
and physical symptoms) are particularly
difficult to identify in this population
because of the overlapping symptoms.
Moreover, people with COPD often
experience unpredictable episodes of
breathing distress that may lead to panic
and chronic anxiety (14). The overlap of
symptoms such as dyspnea makes it difficult
to determine how to treat these symptoms,
which may lead to a negative cycle between
symptoms such as dyspnea resulting in
distress and anxiety, and vice versa. A
number of anxiety screening tools
include questions about somatic symptoms,
which complicates their interpretation
(16, 17).

Validated screening questionnaires for
anxiety that have been used in a numerous
studies of various diseases and that do not
include somatic symptoms include the
Generalized Anxiety Disorder 7-Item Scale
(GAD-7 [18]) and the Hospital Anxiety and
Depression Scale Anxiety subscale (HADS-
A [19]). Although the HADS-A has been
validated in patients with COPD (20), to our
knowledge the GAD-7 has not been
validated in COPD. The AIR is a newer
questionnaire developed specifically for
assessing nonsomatic anxiety symptoms

in patients with COPD (21).The Anxiety
Inventory for Respiratory Disease (AIR)
places more emphasis on panic-related
symptoms than does the GAD-7 or the
HADS-A.

We evaluated the GAD-7, HADS-A,
and AIR as screening tools for anxiety
symptoms in individuals with COPD.
The presence of an anxiety disorder was
established using the Mini-International
Neuropsychiatric Interview (MINI), version
7.0, a structured interview that directly
corresponds to Diagnostic and Statistical
Manual of Mental Disorders, 5th edition
(DSM-V) diagnoses of anxiety (22).

Methods

Study Design
This prospective, multicenter, cohort study
was designed to validate and compare three
anxiety screening questionnaires for
individuals with COPD, using the MINI
version 7.0 diagnostic interview as the “gold
standard” for identification of anxiety
disorders (i.e., panic disorder, agoraphobia,
social anxiety disorder, post-traumatic stress
disorder, and generalized anxiety disorder)
as defined in the DSM-V. There was an
in-person visit for enrollment and baseline
assessments; a second visit was conducted
by telephone 2–4 weeks later. The study was
approved by the institutional review boards
for the data coordinating center and clinical
centers; all participants provided written
informed consent.

Study Participants and Eligibility
Participants were recruited at 16 centers of
the American Lung Association Airways
Clinical Research Centers Network (ALA-
ACRC; a list of participating centers may
be found before the beginning of the
REFERENCES). Participants were recruited
specifically for this study and were not
pooled from other ACRC trials. Enrolled
participants were 40 years of age or older
with clinically stable COPD, defined
as receiving medications for stable
maintenance of COPD and the absence of
an exacerbation of symptoms requiring
treatment with an antibiotic or
corticosteroids in the 6 weeks before
enrollment. COPD was confirmed by
spirometry, that is, post-bronchodilation
FEV1 less than 80% of the predicted normal
value and an FEV1/FVC ratio less than 0.7
(20). Eligible participants had to score above

18 on the Montreal Cognitive Assessment
(MoCA) to rule out significant cognitive
impairment (23). Individuals with unstable
coronary heart disease or a major
psychiatric disorder were excluded because
of safety concerns about these individuals
performing spirometry and 6-minute walk
tests. We also excluded patients with self-
reported major psychiatric disorders such as
schizophrenia and bipolar disorder as we
did not have access to medical records to
validate reports of other known psychiatric
disorders.

Procedures
Eligible participants underwent a brief
physical examination, provided a medical
history, performed spirometry testing and a
6-minute walk test, and completed the
questionnaires. Questionnaires were
administered by coordinators. Coordinators
then conducted the structured MINI. At the
second visit, 2–4 weeks later, questionnaires
were administered by coordinators on the
telephone.

Instruments
Coordinators were trained and certified
to administer these instruments before
the study. They read the questions to
participants. If the individual asked for an
explanation for a given question, care was
taken to avoid any form of guidance that
may have biased the patient’s selection of
answer to the question. After rigorous
training, a psychologist reviewed recorded
interviews conducted by coordinators for
certification. Coordinators also recorded the
first interview conducted with an enrolled
participant and every fourth interview
thereafter, with review by the same
psychologist for quality assurance.

Mini-International Neuropsychiatric
Interview, Version 7.0. The MINI, version
7.0 (22) sections on major depression and
anxiety disorder including panic disorder,
agoraphobia, social anxiety disorder (or
social phobia), post-traumatic stress
disorder, and generalized anxiety disorder
were administered. All disorders were
assessed on the basis of current symptoms,
with the exception of panic disorder, which
included current and lifetime panic disorder
and major depression, which included both
current and past episodes. Questions elicit a
yes/no response and are linked to diagnostic
criteria from the DSM-V. A composite
score for the presence of any anxiety
disorder was computed on the basis of a
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participant having a diagnosis on at least
one of the anxiety scales and used as the
gold standard comparator for these
analyses.

Anxiety Inventory for Respiratory
Disease. The AIR (21) is a 10-item anxiety
screening instrument with seven questions
about generalized anxiety and three
questions about panic. Responses are rated
on a 4-point scale ranging from 0 (“not at
all”) to 3 (“almost all the time”), with the
total score ranging from 0 to 30. In a
preliminary study of 22 patients (mean age,
71 yr) with COPD, a score of 8 or greater on
the AIR scale indicated clinically significant
anxiety symptoms, and a 5-point difference
was estimated to be clinically important in
the context of a pulmonary rehabilitation
program (24).

Generalized Anxiety Disorder 7-Item
Scale. The GAD-7 (18) is a component of
the Patient Health Questionnaire and is a
seven-item measure about generalized
anxiety symptoms in the previous 2 weeks.
Each of the GAD-7 questions is rated on a
4-point scale from 0 (“not at all”) to 3
(“nearly every day”), and the score is the
sum of the seven responses. Scores range
from 0 to 21, with a score of 4 or less
indicating normal, 5–9 indicating mild,
10–14 indicating moderate, and 15 or
greater indicating severe anxiety symptoms.
The minimally clinical important
difference has not been established. There
are no specific questions about panic on the
GAD-7.

Hospital Anxiety and Depression
Scale. The HADS (19) contains two
subscales that screen for anxiety and
depression, respectively. Each subscale has
seven questions assessing frequency and
severity of symptoms over the previous
week, rated on a scale from 0 (e.g., not at
all, only occasionally, etc.) to 3 (e.g., very
much indeed, most of the time, etc.).
There are six questions about generalized
anxiety and one question about panic on
the HADS Anxiety subscale (HADS-A).
Scores range from 0 to 21 for each subscale,
with a score of 8 or more indicating
significant anxiety symptoms. A minimal
clinically important difference of 1.5
has been reported for patients with
COPD (19).

Modified Medical Research Council
Dyspnea Scale. The modified Medical
Research Council (mMRC) Dyspnea Scale
measures shortness of breath in daily
activities (25). The mMRC Dyspnea

Scale consists of five statements that
describe almost the entire range of
dyspnea from none (grade 0) to almost
complete incapacity due to severity of
dyspnea (grade 4). It is a reliable and
responsive scale to pulmonary rehabilitation
program (26).

COPD Assessment Test. The COPD
Assessment Test (CAT) is a validated
measure that quantifies the impact of COPD
symptoms on health status (26). The
questionnaire has eight items and total
scores range from 0 to 40, with higher scores
corresponding to greater impact on quality
of life.

Data Analysis
The planned sample size of 200 patients with
COPD provided greater than 90% power
to detect a difference of 0.25 between
receiver operating characteristic (ROC)
areas under the curve (AUCs) (27, 28)
with a two-sided type I error rate of 5%.
Descriptive statistics (medians, quartiles,
counts, and percentages) were used to
summarize the sociodemographic and
clinical characteristics of the cohort and
the scores for each questionnaire.

Most analyses are based on the scores
derived from response to the questionnaires
at the first visit. Cronbach’s a (27) was

Table 1. Characteristics at enrollment

Characteristic Total (N = 220)

Demographics
Median age at enrollment, median (first–third Q), yr 65 (59–73)
Male, n (%) 118 (54%)
White, n (%) 168 (76%)
Current or former smoker, n (%) 215 (98%)
Pack-years, median (first–third Q) 42 (28–60)

COPD characteristics
Median age at COPD onset, median (first–third Q), yr 54 (47–62)
>1 ER visits or hospitalizations for COPD in prior 12 mo, n (%) 65 (30%)
>1 course of corticosteroids in prior 12 mo, n (%) 94 (43%)
>1 course of antibiotic in prior 12 mo, n (%) 101 (46%)
Use of supplemental oxygen, n (%) 91 (41%)

COPD scores, median (first–third Q)
mMRC Dyspnea Scale score (score range, 1–5) 3 (2–4)
CAT score (score range, 0–40) 18 (12–24)

Pulmonary function measures, median (first–third Q)
Post-bronchodilator FEV1, % predicted 49.7 (35.8–62.7)
Post-bronchodilator FEV1/FVC ratio 0.51 (0.39–0.60)
6-Min walk test distance, m 1,165 (905–1,378)

Mental health assessments
MoCA score (score range, 0–30), median (first–third Q) 25 (23–27)
PHQ-9 score (score range, 0–27), median (first–third Q) 4 (2–8)
MINI diagnosis of major depression, n (%) 54 (25%)

Use of antidepressants or anxiolytic medications in past 2 wk, n (%)
Benzodiazepines 20 (9%)
Buspirone 2 (1%)
Any antidepressant or anxiolytic medication 65 (30%)

Use of mental health treatments in past 2 wk, n (%)
Mental health therapy or counseling 22 (10%)
Substance abuse treatment (excluding smoking cessation) 2 (1%)

Socioeconomic
Household income, n (%)

,22,0000 72 (32%)
22,000–43,999 47 (21%)
.44,000 68 (31%)
Don’t know/refused to answer 33 (15%)

Education, n (%)
High school or less 20 (10%)
Some college 62 (28%)
Graduate or post-graduate 111 (50%)
Don’t know/refused to answer 26 (12%)

Definition of abbreviations: CAT =COPD Assessment Test; COPD= chronic obstructive pulmonary
disease; ER = emergency room; FEV1 = forced expiratory volume in 1 second; FVC= forced vital capacity;
MINI =Mini-International Neuropsychiatric Interview, version 7.0; mMRC=Modified Medical Research
Council; MoCA =Montreal Cognitive Assessment; PHQ-9 =Patient Health Questionnaire; Q = quartile.
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calculated to evaluate the internal
consistency of the AIR, GAD-7, and HADS-A
for each visit. Test–retest reliability was
assessed by calculating intraclass correlation
coefficients (ICCs) (28) between scores from
questionnaires administered at enrollment
and 2–4 weeks later by telephone. The
prevalence of participants with elevated
anxiety symptoms was determined
using established threshold scores for
the AIR (>8) (21), the GAD-7 (>5) (18),
and the HADS-A (>8) (19). The test
performance characteristics of each
questionnaire was evaluated using ROC
curves, sensitivity and specificity, positive
and negative predictive values, and
screening accuracy using the MINI anxiety
assessment as the gold standard (29, 30).
We defined screening accuracy as the
number of participants who were correctly
identified (e.g., true positives and true
negatives) divided by the total number of
participants.

Comparisons of the sensitivity,
specificity, and test performance
characteristics of the three questionnaires
were made using McNemar’s test. Linear
mixed-effects models were used to compare
positive and negative predicted values, and
area under the ROC curves (30). P values for
the positive and negative likelihood ratios
were calculated by bootstrapping. Minimal
clinically important differences were
estimated on the basis of the distributional
properties of the scores, 0.5 SD (30). The
same diagnostic parameters were calculated
using only a diagnosis of panic disorder on
the MINI as the gold standard. Statistically
significant differences were defined as
comparisons with a P value less than 0.05.
No adjustments were made for multiple
comparisons. A post-hoc analysis evaluating
the diagnostic parameters in the subgroup
that reported current treatment with an
antidepressant or anxiolytic drugs was
performed. Data were analyzed with SAS
version 9.4 (SAS Institute).

Results

Two hundred and eighty-two individuals
were screened and 223 enrolled in the study
betweenMay 2016 and December 2016 at 16
ALA-ACRC clinical centers. Reasons for
exclusion included 45 individuals with an
FEV1 percent predicted of 80% or greater or
an FEV1/FVC ratio of 0.7 or greater, 10
individuals with an MoCA score of 18 or

lower, and five individuals for reasons based
on both those criteria. One participant was
lost to follow-up between visit 1 and visit 2.
Two enrolled participants were not included
in the analysis because one individual did
not have COPD based on lung function tests
and one individual’s MINI results were
considered unacceptable based on the
independent psychologist’s review (see
Figure E1 in the online supplement).

Participants were older (median age, 65
yr), 54% were male, and most self-identified
as white (76%) as shown in Table 1. Lung
function values demonstrated a range of
moderate to severe COPD. COPD had a
medium to high impact in most participants
(86%) in their health-related quality of
life, based on a CAT score equal to or
exceeding 10.

On the basis of the MINIs, the
prevalence and 95% confidence intervals
(CIs) for any anxiety disorder was 11%
(7–16%) and 7% (4–11%) for panic disorder
per the DSM-V criteria (Figure 1 and Table 2).
A clinical psychologist independently listened
to and scored 20% of the MINIs for reliability;
the overall k (95% CI) for agreement on
the presence of any anxiety disorder was
0.73 (0.37–1.00) (31); k values for specific
anxiety diagnoses are provided in Table E1.
The AIR identified 38% (32–45%) of
participants as having elevated anxiety
symptoms; the GAD-7 identified 30%
(24–36%); and the HADS-A identified

20% (15–26%) (Figure E1). The estimated
prevalence of anxiety based on MINIs was
significantly lower than the prevalence based
on questionnaire scores (P< 0.001 for all
pairwise comparisons). Similarly, all the
questionnaires had prevalence estimates that
were significantly different from each other:
AIR versus GAD-7 (P = 0.004), AIR versus
HADS-A (P, 0.001), and GAD-7 versus
HADS-A (P, 0.001).

Cronbach’s a values were similar for all
questionnaires. The ICCs for agreements
between the in-person and telephone
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Figure 1. Prevalence of anxiety symptoms by questionnaires. AIR = Anxiety Inventory for Respiratory
Disease; GAD-7 = Generalized Anxiety Disorder 7-Item Scale; HADS-A =Hospital Anxiety and
Depression Scale Anxiety subscale; MINI = Mini-International Neuropsychiatric Interview, version 7.0.

Table 2. Summary of Mini-International
Neuropsychiatric Interview prevalence
of anxiety and individual diagnostic
categories

MINI Diagnoses N = 220

Diagnosis of any anxiety
disorder, n (%)

24 (11%)

Panic disorder, lifetime, n (%)* 15 (7%)
Panic disorder, current, n (%) 6 (3%)
Agoraphobia, n (%) 10 (5%)
Social anxiety disorder, n (%) 3 (1%)
Post-traumatic stress disorder,
n (%)

6 (3%)

Generalized anxiety disorder,
n (%)

4 (2%)

Definition of abbreviation: MINI =Mini-International
Neuropsychiatric Interview, version 7.0.
*Includes those with current panic disorder.
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interviews were higher for the GAD-7 and
the HADS-A (Table 3). The minimally
important differences estimated from
distributional analyses (e.g., 0.5 SD) for the
AIR, GAD-7, and HADS-A were 3, 2, and 2,
respectively. Sensitivity and specificity plots
of questionnaire scores showed that the
previously defined threshold scores for high
risk of anxiety of at least 8 for AIR and at
least 5 for GAD-7 were close to optimal for
simultaneously maximizing sensitivity and
specificity (Figures E2 and E3). For the

HADS-A, a lower cutoff score than typically
used, at least 7 instead of at least 8,
maximized sensitivity and specificity
simultaneously (Figure E4).

The AUC for the ROC curves was
highest for the GAD-7 (Figure 2 and
Table 4) and significantly greater than the
AUC for AIR (P = 0.014), but not the
HADS-A (P = 0.430). AUCs were not
statistically different between the HADS-A
and AIR (P = 0.116). Using established
threshold scores, the sensitivity was 78% for

the GAD-7, 66% the for AIR, and 63% for
the HADS-A; there were no statistical
differences between the questionnaires.
Specificity was statistically lower for the AIR
(65%) as compared with either the GAD-7
(77%; P, 0.001) or the HADS-A (85%;
P, 0.001). Specificity for the GAD-7 was
also statistically lower than for the HADS-A
(P, 0.001). The HADS-A had significantly
higher screening accuracy, 83% compared
with 77% for the GAD-7 (P = 0.020) and
66% for the AIR (P, 0.001); the GAD-7
was more accurate than the AIR (P,
0.001).

The patterns of results were similar
for the specific MINI diagnosis of anxiety
related to panic (Table 4, bottom) and in
the subgroup of 60 individuals reporting
current treatment with an antidepressant
or anxiolytic medications (Tables E2–E4,
FigureE5). Positive and negative predictive
values of anxiety and panic for each
of the questionnaires over plausible
prevalence are shown in Tables E4 and E5,
respectively.

Discussion

Anxiety as a comorbidity of COPD has been
associated with higher risk of mortality than
other common comorbid diseases, for
example, heart disease and diabetes (9).
Barriers for identifying anxiety in patients
with COPD include patient-level factors
(e.g., stigma, physical symptoms masking
disorder), provider-level factors (e.g., lack of
standardized approach to diagnosis, short
visit times), and system-level factors (e.g.,
poor integration with mental health
systems) (7, 15). A simple and easily
administered assessment of anxiety
symptoms that overcomes these barriers to
screening is needed in this population as
screening tools for further evaluation and
clinical trials (32, 33).

The current study is one of the few
studies to use a recognized gold standard for
the diagnosis of anxiety disorders, the MINI
diagnosis of any DSM-V anxiety disorder,
and to compare the performance of three
questionnaires designed to screen for
anxiety disorders. Although a true
gold standard would have been the
performance of interviews by a psychiatrist
or psychologist, that would not have been
feasible for this multicenter study, because
not every site had a psychologist/psychiatrist
available and familiar with COPD. The

Table 3. Summary and comparison of characteristics of AIR, GAD-7, and HADS-A at
in-person visit and telephone interview

Questionnaire (Possible Range of Scores)

AIR (0–30)* GAD-7 (0–21)* HADS-A (0–21)*
In-person visit (n = 220)
Median (first–third Q) 6 (2–10) 2 (0–5) 3 (1–7)
Cronbach’s a (95% CI) 0.89 (0.87–0.91) 0.89 (0.87–0.91) 0.87 (0.84–0.89)

MID† 3 2 2
Telephone interview (n = 219)
Median (first–third Q) 3 (0–7) 2 (0–4) 3 (1–6)
Cronbach’s a (95% CI) 0.90 (0.88–0.92) 0.89 (0.87–0.91) 0.86 (0.83–0.89)

ICC (95% CI) 0.60 (0.52–0.68) 0.70 (0.63–0.77) 0.68 (0.61–0.75)

Definition of abbreviations: AIR = Anxiety Inventory for Respiratory Disease; CI = confidence interval;
GAD-7 = Generalized Anxiety Disorder 7-Item Scale; HADS-A =Hospital Anxiety and Depression Scale
Anxiety subscale; ICC = intraclass correlation coefficient; MID =minimally important difference; Q =
quartile.
*Higher scores indicate more severe anxiety symptoms.
†Minimally important difference defined as 0.5 SD.
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Figure 2. Receiver operating characteristic curves for three questionnaires to correctly identify the
MINI diagnosis of any anxiety. AIR = Anxiety Inventory for Respiratory Disease; GAD-7 =Generalized
Anxiety Disorder 7-Item Scale; HADS-A =Hospital Anxiety and Depression Scale Anxiety subscale;
MINI =Mini-International Neuropsychiatric Interview, version 7.0.
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MINI can be administered by trained non–
mental health professionals, is updated for
DSM-V criteria, and has been used in
multiple other studies for mental health
diagnosis. Two of the questionnaires
evaluated were designed to be used in a
broad range of patients, the GAD-7 (34–36)
and the HADS-A (37), whereas the AIR is a
newer questionnaire designed specifically
for individuals with COPD (21). The three
anxiety screening questionnaires identified
more people with elevated symptoms of
anxiety compared with the proportion of
people who met diagnostic criteria on the
MINIs. DSM-V diagnostic criteria for all
of the anxiety disorders require functional
limitations due to anxiety symptoms.
The higher prevalence estimates of anxiety
symptoms may be due to the study
participants being older and less likely to be
active because of the severity of respiratory
impairment compared with the general
population. However, our estimate of the
prevalence of anxiety, 11%, is consistent
with estimates for anxiety in the past 12
months of 9–19% among U.S. adults in early
2000 and the 1990s (38). In an older U.S.
cohort, the prevalence of any anxiety

disorder was 14% in women and 8% in
men (39).

The three questionnaires used had
acceptable values onmeasures of consistency;
Cronbach’s a values were about 0.9 at
both visits for all questionnaires (40).
On the basis of the ICC values there was
moderate reliability for the GAD-7 and
HADS-A (40), but not the AIR. Test–retest
reliability may have been reduced because
the second questionnaire was administered
by telephone. The results suggest that
telephone interviews for the GAD-7 and
HADS-A are an acceptable method
for screening for anxiety. Telephone
administration could augment screening
programs at a relatively low cost. Consistent
with the overall evaluation based on AUCs,
using established threshold scores the GAD-7
and HADS-A had superior screening
accuracy properties as compared with the
AIR for any anxiety disorder and for panic-
related anxiety disorder. A lower screening
threshold value for the HADS-A, at least 7
instead of more than 8, resulted in higher
sensitivity and specificity (Figure E4).
Others have identified higher (41) and lower
(42) cutoff values as being optimal for the

HADS-A. Regardless, those studies had
similar sensitivity (71%, 79%) and specificity
(79%, 71%) for the HADS-A among 56
and 55 patients with COPD, respectively.
However, the prevalence of anxiety as
measured by MINIs was higher in both
those studies, 25%.

Our findings were unexpected because
the AIR was developed specifically for
screening patients with COPD, includes
more items specifically about panic, and
performed well in a feasibility study of
patients with a mean age of 71 years and
severe functional impairment (43). We
hypothesized that sudden episodes of
breathlessness due to COPD might lead
to more panic-related anxiety symptoms,
and panic disorder was the most common
type of anxiety in this population. Sensitivity
was not statistically different among the
three questionnaires, and the GAD-7
and HADS-A had higher specificity in
identifying individuals without anxiety or
panic disorder. Like the AIR, neither the
GAD-7 nor HADS-A includes questions
about somatic symptoms that can be
confused with the physical symptoms
of COPD.

Table 4. Diagnostic properties of AIR, GAD-7, and HADS-A assessments of anxiety and panic compared with gold standard MINI
evaluation

Diagnostic Properties Estimate (95% CI) P Value*

Questionnaire Cutoff Score AIR vs.
GAD-7

AIR vs.
HADS-A

GAD-7 vs.
HADS-A

AIR> 8 GAD-7> 5 HADS-A> 8

Any MINI anxiety diagnosis
AUC 0.66 (0.56–0.76) 0.78 (0.69–0.87) 0.74 (0.64–0.84) 0.014 0.116 0.430
Sensitivity 0.67 (0.48–0.86) 0.79 (0.63–0.95) 0.63 (0.43–0.82) 0.180 0.655 0.102
Specificity 0.65 (0.59–0.72) 0.77 (0.71–0.82) 0.85 (0.8–0.9) ,0.001 ,0.001 ,0.001
Positive predictive value 0.19 (0.11–0.27) 0.29 (0.18–0.4) 0.34 (0.2–0.48) 0.002 0.002 0.275
Negative predictive value 0.94 (0.9–0.98) 0.97 (0.94–1) 0.95 (0.92–0.98) 0.087 0.590 0.171
Screening accuracy 0.66 (0.59–0.72) 0.77 (0.71–0.82) 0.83 (0.78–0.88) ,0.001 ,0.001 0.020
LR1 1.92 (1.37–2.7) 3.37 (2.44–4.67) 4.22 (2.67–6.67) ,0.001 ,0.001 0.091
LR2 0.51 (0.29–0.91) 0.27 (0.12–0.6) 0.44 (0.26–0.74) 0.048 0.655 0.140

MINI panic/agoraphobia diagnosis
AUC 0.68 (0.57–0.78) 0.75 (0.65–0.85) 0.72 (0.61–0.83) 0.108 0.391 0.593
Sensitivity 0.7 (0.5–0.9) 0.75 (0.56–0.94) 0.6 (0.39–0.81) 0.564 0.317 0.180
Specificity 0.65 (0.58–0.72) 0.75 (0.69–0.81) 0.84 (0.79–0.89) 0.002 ,0.001 ,0.001
Positive predictive value 0.17 (0.09–0.25) 0.23 (0.13–0.33) 0.27 (0.14–0.4) 0.021 0.015 0.309
Negative predictive value 0.96 (0.92–0.99) 0.97 (0.94–1) 0.96 (0.92–0.99) 0.323 0.914 0.299
Screening accuracy 0.66 (0.59–0.72) 0.75 (0.69–0.81) 0.82 (0.77–0.87) 0.001 ,0.001 0.007
LR1 2 (1.42–2.82) 3 (2.12–4.25) 3.75 (2.32–6.05) 0.002 ,0.001 0.205
LR2 0.46 (0.23–0.91) 0.33 (0.16–0.72) 0.48 (0.28–0.82) 0.165 0.890 0.228

Definition of abbreviations: AIR = Anxiety Inventory for Respiratory Disease; AUC = area under receiver operator curves; CI = confidence interval; GAD-7 =
Generalized Anxiety Disorder 7-Item Scale; HADS-A =Hospital Anxiety and Depression Anxiety subscale; LR1 = positive likelihood ratio; LR2 = negative
likelihood ratio; MINI =Mini-International Neuropsychiatric Interview, version 7.0.
*The P values for AUC, and positive and negative predictive values, are based on linear mixed-effects models; P values for sensitivity, specificity, and
diagnostic accuracy are based on McNemar’s test.
†Includes current and lifetime panic.
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The psychometric properties of all
three questionnaires were similar to the
overall results in the subgroup of individuals
reporting current use of an antidepressant
or anxiolytic drugs. As expected, positive
predictive values were numerically higher in
this subgroup COPD population that had
a higher prevalence anxiety; however,
sensitivity was also numerically higher.

Strengths of the current study include
use of the MINI as a gold standard,
comparison of three questionnaires, multiple
recruitment sites, and administration by
trained coordinators.

This study has several limitations that
need into consideration. First, neither the
GAD-7 nor HADS-A questionnaire emerged
as clearly superior across all metrics. The
GAD-7 had a larger AUC and higher
sensitivity, but neither was statistically
different from the HADS-A. Specificity and
screening accuracy were statistically higher for
the HADS-A compared with the GAD-7.
AUCs, which favored the GAD-7, reflect both
sensitivity and specificity. Screening accuracy
is dependent on prevalence and anxiety, as
identified by the MINI, was relatively low in
this population. Using a lower threshold score
for anxiety symptoms, 7 instead of 8, for the
HADS-Awould have increased sensitivity and
AUC because the lower score simultaneously
maximized sensitivity and specificity (Figure
E4). However, using variable threshold scores
based on specific populations would
complicate the use of an instrument, and our
results may have been idiosyncratic to our
participants.

Second, telephone administration of
instruments at the second time point
moderate k agreement for the anxiety
diagnosis based on an independent
psychologist’s review of 20% of the sample.
In addition, there was no evaluation of
responsiveness of questionnaires to
changes in anxiety level to an intervention.
Third, trained interviewers who administered
the MINI diagnostic scale for anxiety were
not blinded to the results of the screening
tools. This may have introduced unwanted
bias to the study.

Conclusion
Anxiety in COPD constitutes a significant
problem leading to impaired quality of life,
functional limitations, and poor outcomes
and is associated with higher dropout from
pulmonary rehabilitation (17, 18). We
found a low prevalence of clinical anxiety
as defined by DSM-V criteria in our

population: 11% based on MINIs. However,
based on questionnaire scores, the
prevalence of anxiety symptoms ranges
between 20% and 38%. The GAD-7 and
HADS-A, which are established anxiety
screening instruments, demonstrated
only fair to moderate psychometric
characteristics for identifying anxiety
symptoms in COPD that varied across the
range of prevalence of anxiety. The choice of
which questionnaire to use depends on the
objectives of screening. If the objective is
to cast a wide net for more intensive
evaluation, the GAD-7 may be marginally
preferable. Regular screening with well-
validated instruments for anxiety should be
instituted in patients with COPD for both
early identification and treatment. It is also
crucial to consider referral of a patient who
screens positive for anxiety to a mental
health specialist for appropriate diagnosis
(further assessment) and treatment.
These results suggest that further work
is needed to develop and test anxiety
screening measures that perform better
across the full range of prevalence of
anxiety disorders. n
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