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Purpose: Chronic obstructive pulmonary disease (COPD) is multifaceted, with some patients experiencing anxiety and depression.
Depression in COPD has been associated with worse total scores for the COPD assessment test (CAT). Also, CAT score worsening has
been observed during the COVID-19 pandemic. The relationship between the Center for Epidemiologic Studies Depression Scale
(CES-D) score and CAT sub-component scores has not been evaluated. We investigated the relationship between CES-D score and
CAT component scores during the COVD-19 pandemic.

Patients and Methods: Sixty-five patients were recruited. Pre-pandemic (baseline) was defined as 23rd March 2019-23rd
March 2020, CAT scores and information related to exacerbations were collected via telephone at 8-week intervals between 23rd
March 2020-23rd March 2021.

Results: There were no differences in CAT scores pre- compared to during the pandemic (ANOVA p = 0.97). Total CAT scores were
higher in patients with symptoms of depression compared to those without both pre- (p < 0.001) and during-pandemic (eg, at 12
months 21.2 versus 12.9, mean difference = 8.3 (95% CI = 2.3-14.2), p = 0.02). Individual CAT component scores showed
significantly higher chest tightness, breathlessness, activity limitation, confidence, sleep and energy scores in patients with symptoms
of depression at most time points (p < 0.05). Significantly fewer exacerbations were observed during- compared to pre-pandemic (p =
0.04). We observed that COPD patients with symptoms of depression had higher CAT scores both pre- and during the COVID-19
pandemic.

Conclusion: Presence of depressive symptoms was selectively associated with individual component scores. Symptoms of depression
may potentially influence total CAT scores.
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Introduction

Patients with chronic obstructive pulmonary disease (COPD) suffer with dyspnoea, reduced exercise capacity, cough and
sputum production, reduced quality of life and exacerbations.' Some individuals also experience anxiety and depression,
with prevalence estimates ranging from 10% to 42%.” Risks of healthcare resource utilisation are reportedly higher in
COPD patients with anxiety and depression compared to those without.>* Furthermore, depression is associated with
a worse quality of life in COPD patients.’

The COPD assessment test (CAT) is commonly used to measure the impact of COPD, providing a short and simple
measure of COPD-related health status.® This tool is used for measuring patient reported outcomes in both clinical
practice and research. CAT is composed of 8 questions which assess different symptomatic and psychometric compo-
nents, on a semantic differential scale, from which a composite score is calculated.® Total CAT score may be affected by
multiple comorbidities in COPD; arrhythmias, gastroesophageal reflux disease (GERD), and anxiety and/or depression,’
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with depressive symptoms found to be associated with higher total CAT scores using various definitions of depression.””
12 Furthermore, the presence of depression and relationship with individual CAT items has been investigated using
Hospital Anxiety and Depression Scale (HADS), Beck’s depression inventory (BDI) and current use of anti-depressant
medication to define depression.””'* The results of these studies have differed, partly due to differences in the
instruments used to define depression. The Center for Epidemiological Studies Depression (CES-D) score is a well-
established tool for assessing symptoms of depression.'* The relationship between CES-D scores and CAT sub-
component scores has not been evaluated.

COPD patients have increased susceptibility to viral infection including coronaviruses,'> and appear to have worse
outcomes from coronavirus 19 (COVID-19).'® During the COVID-19 pandemic, mitigating measures were enforced such
as national and local “lock-downs” thereby reducing human mobility and promoting self-isolation and shielding of
clinically vulnerable individuals to prevent infection. COPD patients were identified as an at-risk group during the
pandemic due to several potentially negative interrelationships between COPD and COVID-19,'” including increased

151819 impaired pulmonary function and presence of extra-pulmonary comorbidities.'® Self-

susceptibility to viral infection,
isolation was a contributing factor to the reduction in COPD exacerbation rates reported during the pandemic. Despite this
reduction in exacerbations, the CAT has shown worsening of the impact of COPD during the pandemic.?® Furthermore, the
prevalence of depression and anxiety has increased in both the general population®' and in COPD patients during the
pandemic.’*?*** These observations suggest a significant interaction between depression and COPD-related health status
during the pandemic, although this has not been directly investigated.

We performed a longitudinal cohort study to evaluate the relationship between symptoms of depression, defined using
the CES-D questionnaire, and CAT scores, including individual items. As a secondary objective, we also studied changes

in total CAT score and exacerbation rates, and the relationship between these clinical outcomes.

Materials and Methods
Study Cohort

Sixty-five patients with physician diagnosed COPD were recruited from the Medicines Evaluation Unit (Manchester
University NHS Foundation Trust). The following inclusion criteria were met by patients recruited in this study:
spirometrically confirmed airway obstruction at baseline (FEV/FVC <70%), no previous asthma diagnosis and a pack-
year history of >10 and were aged >40 years old. Patients provided written informed consent using protocols approved by
local Ethics Committees (Tameside & Glossop, reference: 05/Q1402/41 and North West — Preston, reference: 16/NW/
0836) and the study was conducted in accordance with the Declaration of Helsinki.

Study Design

The present study utilised both prospective data collection and retrospective data collected from an internal database at
the Medicines Evaluation Unit, a schematic representation of data collection is presented in Figure 1. The pre-pandemic
period (baseline) consisted of retrospective data collected between 23rd March 2019-23rd March 2020; demographics,
including baseline CAT scores and spirometry, were taken from the most recent measurement during the stable state; 30
patients also had a pre-pandemic CES-D score. Spirometry data were available at baseline only. Data from the pandemic
period were prospectively collected between 23rd March 2020-23rd March 2021; CAT scores (during stable state, not
during exacerbations) and information related to exacerbations were collected at 8-week intervals (6 time points) via
telephone call. Exacerbations were defined by patient recall, additional therapy and health-care utilisation was recorded.
A baseline CES-D score obtained from the retrospective data collection (available for n = 30 patients) >16 defined the
presence of depression symptoms.6

CES-D and CAT Scores

The impact of COPD was assessed at baseline using the CAT questionnaire, 8 questions assessed individual components
including: cough, phlegm, chest tightness, breathlessness after walking up a hill or one flight of stairs, activity limitation
at home, confidence leaving the home, sleep quality and energy. Meanwhile, the presence of depression symptoms was
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Notes: Turquoise and purple colours represent retrospective and prospective data collection, respectively.

Figure | Schematic representation of data collection.

assessed using the CES-D questionnaire, which assessed components including: depressed mood, feelings of guilt and
worthlessness, feelings of helplessness and hopelessness, psychomotor retardation, loss of appetite, and sleep
disturbance.'* Several questions are used to assess each individual component for the CES-D scale, with a total of 20
questions.

Statistical Analysis

No formal power calculations were undertaken, as the nature of patient recruitment at the start of the pandemic was
opportunistic and we attempted to include as many patients as possible. Comparisons between parametric data were
analysed using a Student’s 7-test or a repeated measures ANOVA, with the Geisser-Greenhouse correction and post-hoc
assessment using a Dunnetts’ multiple comparisons test. Exacerbation rates prior to and during the pandemic were
compared using a Student’s 7-test. Associations between parametric variables were assessed using a Pearson correlation
coefficient. Analyses were performed using GraphPad Prism version 9.00 (San Diego, USA). p < 0.05 was considered
statistically significant.

Results

Sixty-five COPD patients were recruited. The cohort mean pack-year history was 41.5; 25 (38.5%) were current smokers.
The baseline demography is presented in Table 1; mean (SD) post-bronchodilator FEV; was 67.2% (16.6) predicted, with
most patients being GOLD stage 2 (n = 43; 66.2%). The mean post-bronchodilator FEV/FVC ratio was 53.1%, while the
baseline exacerbation rate was 0.89/year. The mean total CAT score was 16.9 and CES-D score (n = 30) was 12.8.
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Table | Baseline Characteristics for COPD Patients
(n = 65)

Characteristic

n=65

Sex (% Male)

Age

Smoking status (Current %)
Pack years

BMI (kg/m?)

Number of exacerbations/12m
0 (%)

1 (%)

22 (%)

Post-BD FEV, (L)

Post-BD FEV, (% predicted)
Post-BD FEV/FVC (%)
Total CAT score

CES-D scorel

63.1
67.8 (7.5)
385

415 (17.1)
272 (5.3)
09 (1.2)
50.8

262

230

1.8 (0.5)
672 (16.6)
53.1 (10.8)
16.9 (7.8)
12.8 (11.1)

Notes: Data presented as median [range] or mean (SD) unless
specified otherwise. CES-D data available for n=30 patients.

Abbreviations: BD, bronchodilator; BMI, body mass index; CAT,
COPD assessment test; CES-D, center for epidemiologic studies
depression scale; FEV|, forced expiratory volume in | second;
FVC, forced vital capacity.

CAT Scores Pre- versus During Pandemic
Most patients completed a high number of CAT assessments; 39 patients provided data for all 6 time-points, with 20
providing 5 time points, and 6 provided 3 or 4 time points. Mean total CAT scores were similar pre- versus all time points
during the pandemic (ANOVA p = 0.88); baseline score (SD) = 16.9 (7.8); pandemic scores = 17.1 (8.1), 17.4 (8.3), 17.2
(7.4), 17.0 (8.1), 16.1 (7.5) and 16.4 (7.8) at 8-week intervals up to 1 year.

Relationship of Depression Symptoms with CAT Scores

Within the subset of patients with baseline CES-D scores available, a strong correlation was observed between baseline
CES-D and total CAT scores, both at baseline (rho = 0.70, p < 0.0001, Figure 2A) and during the pandemic period at 12
months (rho =0.61, p=0.001, Figure 2B). At baseline, 12 patients (40%) showed clinically significant levels of depression
symptoms (CES-D score >16). Total CAT scores were higher in patients with symptoms of depression compared to those
without pre-pandemic (23.6 versus 13.1, mean difference = 10.5 (95% CI=4.9to 16.1), p<0.001, Figure 3) and at all time-
points during the pandemic (eg, at 12 months 21.2 versus 12.9, mean difference = 8.3 (95% CI = 2.3-14.2), p = 0.02,

A

35+

Total CAT score
o
T

rho =0.70, p <0.0001

20 25 30 35 40

CES-D score

B

rho =0.61, p=0.001

Total CAT score
3]
(=]
1

CES-D Score

Figure 2 Association between baseline CES-D score and total CAT scores taken from baseline (A) and during the pandemic period (B).
Notes: Data represents individual patients at baseline (A) and during the pandemic (B), n = 30 and 27, respectively.

1190 "

Dove!

International Journal of Chronic Obstructive Pulmonary Disease 2023:18


https://www.dovepress.com
https://www.dovepress.com

Dove Beech and Singh

A = CES-D 216
= CES-D <16
30_ * % * % * % * % * % * % *
254
o
8 20-
(7))
l_ —
215 | ] [ ] ]
S 10-
(@]
|_
5_
0

Baseline—
May 204
July '20
Sept '20
Nov '20-
Jan '21-
Mar 21

Figure 3 Total CAT scores for CES-D positive and negative groups (positive defined as a score 2 16).

Notes: March 23rd 2019-March 23rd 2020 (Baseline) n =9 (A); 12 (e), May 2020 (I) n =12 (A); 18 (@), July 2020 (2) n = 12 (A), |7 (®); September 2020 3) n = 12 (A);
18 (@), November 2020 (4) n = 12 (A); 17 (), January 2021 (5) n =10 (A), 18 (e); March 2021 (6) n = 10 (A), 17 (®). Data shown are mean values with one-way error
bars representing the 95% confidence interval. *, **p < 0.05 and <0.01, respectively, for comparisons between CES-D positive and negative groups.

Abbreviations: CAT, COPD assessment test; CES-D, Center for epidemiologic studies depression scale; A, CES-D positive and e, CES-D negative.

Figure 3). The individual component scores showed significantly higher chest tightness, breathlessness, activity limitation,
confidence, sleep and energy scores in patients with symptoms of depression at most time points (p <0.05), while cough and
phlegm scores showed no consistent differences (Figure 4).

Exacerbation Rates During Pandemic
Significantly fewer exacerbations were reported during- compared to pre-pandemic (means: 0.60 versus 0.89 exacerba-
tions/year respectively, p = 0.04). No patients had PCR-confirmed COVID-19 infection during the study period.

To assess the association between total CAT score and exacerbations, the cohort was grouped based on the number of
exacerbations in the year before the pandemic (0 exacerbations; n = 33 and >1 exacerbation; n = 32) and during the
pandemic period (0 exacerbations; n = 44 and >1 exacerbation; n = 21). No difference in baseline total CAT score was
observed between exacerbation defined groups (total CAT = 15.52 and 18.28 for patients with 0 versus >1 exacerbation,
respectively, p = 0.15). Similar observations were observed during the pandemic, with no differences in total CAT score
observed between exacerbation defined groups at any time point (p > 0.05 for all comparisons).

Discussion
In a well-characterised cohort of COPD patients, we observed that COPD patients with symptoms of depression suffered
a higher impact of COPD, measured using the CAT score, both before and during the COVID-19 pandemic. Furthermore,
specific CAT component scores were higher in patients with symptoms of depression, namely chest tightness, breath-
lessness, activity limitation, confidence, sleep and energy scores. CAT scores were unchanged during compared to pre-
pandemic, while there was a reduction in COPD exacerbations during the pandemic.

CAT provides an overall composite score, which does not inform a clinician which disease symptoms or character-
istics require further assessment or management. We identified 6 CAT components which were higher in patients with
symptoms of depression (chest tightness, dyspnoea, activity limitation, confidence, sleep and energy scores). Treatable
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Figure 4 Individual CAT item scores for CES-D positive and negative groups (positive defined as a score 2 16); cough (a), phlegm (b), chest tightness (c), breathlessness
going up hills/stairs (d), activity limitation at home (e), confidence leaving the home (f), sleep (g) and energy (h).

Notes: March 23rd 2019-March 23rd 2020 (Baseline) n =9 (A); 12 (o), May 2020 (I) n = 12 (A); 18 (), July 2020 (2) n = 12 (A), 17 (e®); September 2020 (3) n = 12 (A);
18 (@), November 2020 (4) n = |2 (A); |7 (e), January 2021 (5) n = 10 (A), 18 (e); March 2021 (6) n = 10 (A), 17 (®). Data shown are mean values with one-way error
bars representing the 95% confidence interval. *, **p < 0.05 and <0.01, respectively, for comparisons between CES-D positive and negative groups.

Abbreviations: CAT, COPD assessment test; CES-D, Center for epidemiologic studies depression scale; A, CES-D positive and e, CES-D negative.

traits are disease components,”* within a complex condition such as COPD, requiring further management. Sub-analysis
of the CAT score presented here shows how symptoms of depression (a treatable trait) are associated with specific
components of the CAT score (other treatable traits), highlighting how treatable traits often “cluster”.’

Psychological disturbances are underreported and undertreated in COPD.?° Depression in COPD is associated with
a worse quality of life,” and the present analysis extends such findings to reveal an association between depression (as
assessed by CES-D score) and the impact of COPD. Using DSM 1V criteria to define depression, a previous study
reported that a total CAT score >20 was associated with major depression,'' which is in concordance with the present
analysis where patients with symptoms of depression had a mean CAT score >20. Our findings suggest that symptoms of
depression may strongly influence total CAT score, which has potential implications for its use in both research and
clinical practice.

Here, total CAT and CES-D scores showed a strong correlation both at baseline and during the pandemic period.
These results indicate that in COPD patients with an elevated CAT score, the possibility of concomitant depression being
present is higher and should therefore be assessed clinically. We have evaluated associations, so we are unable to
elucidate “cause and effect”, as it is possible that patients with depression may self-report higher CAT scores or
conversely patients who experience a greater impact on life due to COPD (higher CAT score) may be more likely to
suffer depression symptoms. Of the 20 questions included in the CES-D score, only one question is similar to the
components measured in the CAT, namely sleep quality (questions 11 and 7 of the CES-D and CAT scales, respectively).
The correlation between these scores is therefore unlikely to be driven by similarity of the questions used.

A previous COPD study®” reported that CAT scores worsened during the pandemic, while we observed no overall
change in CAT scores, although our smaller sample size (n = 65 versus 375) likely affected the ability to detect a change.
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In this previous study, component score analysis showed that chest tightness, dyspnoea, confidence in leaving the home
and energy clearly worsened during the pandemic, there was a borderline worsening of activity limitation, and cough,
sputum production and sleep habits were unchanged. In the present analysis, 4 CAT components associated with
symptoms of depression clearly overlapped with the components previously shown to worsen during the pandemic.
Taken together, these findings show that CAT items measuring psychosomatic (confidence and energy) and some
symptom (dyspnoea and chest tightness) components, but not all (cough and phlegm), are related to symptoms of
depression and in a previous study worsened during the pandemic.

Our findings relating to the association between some individual CAT items and symptoms of depression are mostly
consistent with previous observations; using HADS to define depression in a large Japanese cohort, authors found that
depression was associated with chest tightness, activity limitation and a reduction in confidence, sleep and energy.” Elsewhere,
depression defined on the basis of prescriptions for depression was associated with activity limitation and a reduction in
confidence and energy.” BDI-defined depression has also been associated with lack of energy and sleep.'” In support of our
findings, depression was not associated with cough or phlegm scores in other studies.””*'* The association between dyspnoea
and presence of symptoms of depression in the present analysis has not been previously reported. It is likely that differences
between studies are due at least partly to the instrument used to define depression, in addition to cohort clinical characteristics.
For example, the contents of HADS are biased towards identifying symptoms of anhedonia (the inability to experience
pleasure),?” whereas the contents of CES-D contain a higher number of somatic elements.?®

Previous studies have shown a reduction in severe (27-78%) and mild/moderate (39-55%)*° COPD exacerbations
compared to pre-COVID-19 pandemic rates, although not all studies show this.>* Our results concur with the majority
of analyses showing reduced COPD exacerbations during the pandemic.”’ These findings may reflect reduced
community circulation of viruses during lock-downs, a reduction in air pollution or reduced accessibility of health-
care services resulting in lower exacerbation reporting. However, a greater observed reduction in hospitalisation of
COPD patients for exacerbations compared to myocardial infarction during the pandemic®® argues against reduced
accessibility of health-care services. Furthermore, increased adherence to inhaled treatment may have contributed to
reduced exacerbations.”’

Total CAT score has been shown to be associated with both time to first exacerbation and exacerbation risk, with
elevated CAT scores observed in frequent versus infrequent exacerbators when recorded during stable disease state. More
specifically, a previous report described a significant association between exacerbation risk and a CAT score >13.5. We
observed no association between total CAT score and exacerbations prior to or during the pandemic, suggesting
a dissociation between total CAT score and exacerbation rate. These findings may be attributed to the high overall baseline
CAT score of the cohort (mean = 16.2 (7.8)), and limited sample size for this subgroup analysis.

There are limitations to this study, including small sample size. Symptoms of depression were analysed in a subgroup
with historic CES-D scores, due to difficulties in collecting CES-D remotely during the pandemic. For other ques-
tionnaires, administration via telephone was performed as opposed to in person, as there appears to be no evidence of
systematic bias between these methods.?'

Conclusion

In summary, albeit from a small sample size, we observed that CAT scores were higher in COPD patients with symptoms
of depression compared to those without, both before and during the COVID-19 pandemic. This finding was particularly
relevant for individual items such as confidence, energy, dyspnoea and chest tightness but not cough and phlegm
production. Our findings further highlight how symptoms of depression can potentially influence total CAT scores.
This may be relevant in both research and clinical practice. Higher CAT scores could act as a trigger to assess for the
presence of symptoms of depression in clinical practice.

Abbreviations

ANOVA, analysis of variance analysis; BD, bronchodilator; BDI, Beck’s depression inventory; BMI, body mass index;
CAT, COPD assessment test; CES-D, Center for epidemiologic studies depression scale; CI, confidence interval; COPD,
Chronic obstructive pulmonary disease; COVID-19, Coronavirus-19; FEV,, Forced expiratory volume in one second;
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FVC, Forced vital capacity; GOLD, Global initiative for chronic obstructive pulmonary disease; HADS, Hospital anxiety
and depression scale; NHS, National health service.
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