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ORIGINAL RESEARCH
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Abstract

Rationale: Individuals with chronic obstructive pulmonary disease
(COPD) have a high prevalence of depression, which is associated
with increased COPD hospitalizations and readmissions.

Objectives: Examine the impact of depressive symptoms
compared with FEV1% on COPD morbidity.

Methods: Using longitudinal data from individuals with COPD in
the Subpopulations and Intermediate Outcome Measures in COPD
Study, longitudinal growth analysis was performed to assess COPD
morbidity by assessing differences in baseline 6-minute walk
distance and patient reported outcomes (PROs) and their rate of
change over time explained by depressive symptoms or lung
function, as measured by Hospital Anxiety and Depression Scale or
FEV1% respectively. PROs consisted of in-person completion of
St. George’s Respiratory Questionnaire, COPD Assessment Test,
Functional Assessment of Chronic Illness Therapy Fatigue, and
Modified Medical Research Council Dyspnea Scale measures.

Results: Of the individuals analyzed (n= 1,830), 43% were
female, 81% Caucasian with mean6 SD age of 65.16 8.1, and

52.76 27.5 pack-years smoking. Mean6 SD FEV1% was
60.96 23.0% and 20% had clinically significant depressive
symptoms. Adjusted models showed higher Hospital Anxiety and
Depression Scale scores and lower FEV1% each were associated
with worse PROs at baseline (P< 0.001). Depression accounted
for more baseline variance in St. George’s Respiratory
Questionnaire, COPD Assessment Test, and Functional
Assessment of Chronic Illness Therapy Fatigue than FEV1%,
explaining 30–67% of heterogeneity. FEV1% accounted for more
baseline variance in Modified Medical Research Council Dyspnea
Scale and 6-minute walk distance than depression, explaining
16–32% of heterogeneity. Depressive symptoms accounted for
3–17% variance in change over time in PROs. In contrast, FEV1%
accounted for 1–4% variance over time in PROs.

Conclusions: Depression is more strongly associated with many
PROs at baseline and their change over time compared with FEV1%.
Recognizing and incorporating the impact of depressive symptoms
into individualized care may improve COPD outcomes.

Keywords: depression; COPD; patient reported outcome
measures
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Individuals with chronic obstructive pulmonary
disease (COPD)have comorbid depression at
a prevalence of 23–40% (1–3) compared with
8–17% in the general population (2, 4, 5).
This prevalence is also higher compared with
those with other chronic diseases (6).
Furthermore, depressive symptoms are
associated with greater healthcare utilization
in patients with COPD (3, 7–12). Specifically,
depression has been shown to be associated
with increased risk for severe COPD
exacerbations requiring hospitalizations, a
longer hospital length of stay for COPD
exacerbations, and increased risk for
readmissions (8, 9, 13). Individuals with
depression have shown greater variability in
symptom recall in other diseases but the
association of depression with reported
symptom burden has not been evaluated in
pulmonary disease (14).

The updated Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
guidelines emphasize patient reported
outcomes as a key component of medical
management decisions and assessment of
disease control rather than lung function
alone (15–18). This shift in approach reflects
the increasing amount of literature
demonstrating that lung function alone does
not fully predict risk of exacerbations or
capture disease impact on functional status
and patient reported outcomes such as
quality of life (19, 20). Therefore, we
hypothesize that depressive symptoms will
contribute more to the differences between
participants in COPD patient reported
outcomes than does post-bronchodilator
percentage of predicted forced expiratory
volume in one second (FEV1%).

Furthermore, previous studies examining
the association of depression and COPD
morbidity have looked at their association at a
single point in time, lacking the ability to
postulate how depressionmay affect changes
in COPDmorbidity over time (7, 8). Tomore
thoroughly understand the association
between depression and changes in COPD
morbidity over time, we investigated

longitudinal data from the SPIROMICS
(Subpopulations and Intermediate Outcome
Measures in COPD Study).

Methods

Participants and Study Design
We conducted a secondary data analysis
from the SPIROMICS cohort. Data in this
analysis were collected from 2010 to 2014
from 12 sites located in cities across the
United States and include 2,978 individuals.
SPIROMICS inclusion criteria required
participants to be 40–80 years old and have
either,1 pack-year smoking history
(nonsmoking controls) or.20 pack-year
smoking history. Participants with body
mass index>40 kg/m2, diagnosis of unstable
cardiac disease, and history of intolerance or
hypersensitivity to bronchodilators were
excluded. Data were gathered during
in-person visits at baseline and up to three
annual follow-up visits. Assessment visits
collected measures of patient reported
outcomes (PROs), completed spirometry,
and 6-minute walk distances (6MWD)
according to ATS guidelines (21, 22).
Participants were also contacted quarterly by
phone to assess exacerbation occurrence and
health status. Further details of the
SPIROMICS protocol have been published
elsewhere (23).

For the purposes of this longitudinal
analysis, we included current and former
smokers with COPD (defined as>20 pack-
years smoking history, FEV1/FVC, 0.7, no
evidence of non-COPD obstructive lung
disease), decreasing available participants
from 2,978 to 1,830. Of these 1,830
individuals with COPD, there were missing
observations at annual assessments, which
were addressed using an imputation analysis.
We also ran a sensitivity analysis limited to
593 participants with at least three annual
assessments with nomissing observations on
any variables (see online supplement). All
participants were enrolled with informed

consent in accordance with and under the
approval of the Institutional Review Board of
participating sites.

Measures
Depressive symptoms were measured by the
Hospital Anxiety and Depression Scale
(HADS), which is a validated screening tool
used to assess symptom presence for anxiety
and depression and was measured at baseline
and yearly follow-up. HADS depression sub-
scores range from 0–21 with 1.5 indicating a
minimal clinically importance difference and
a score of>8 meets an accepted cutoff for
clinically significant symptom burden
(24–26). Lung function was measured by
spirometry at baseline and yearly follow-up.
Our analysis focused on post-bronchodilator
FEV1% (21).

Patient reported outcomemeasures
were completed at in-person study visits.
St. George’s Respiratory Questionnaire
(SGRQ) (range 0–100) is a 14-item
questionnaire that measures COPD health
status (quality of life) (27). The COPD
Assessment Test (CAT) (range 0–40) is an
eight-item questionnaire to assess symptom
control (28). ThemodifiedMedical Research
Council Dyspnea Scale (mMRC) (range 0–4) is
one question assessment with responses scored
0–4 depending on severity of dyspnea related
to physical activities (29). The Functional
Assessment of Chronic Illness Therapy Fatigue
Total (FACIT-F) (range 0–160)measures
health related quality of life related to
functional and emotional well-being (30). A
higher score indicates more impairment for
the SGRQ, CAT, andmMRC (27–29).

6MWDwas conducted during yearly
in-person visits. Participants were monitored
and walked for 6 minutes while the distance
in meters was recorded (31). Together, PROs
and 6MWD assessments are referred to as
measures of COPDmorbidity.

Measured covariates were obtained at
baseline and included age, sex (self-reported
as male or female), smoking pack-year
history, body mass index comorbidity count
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(one point for each: stroke, coronary heart
disease, congestive heart failure, diabetes,
hypertension, anemia, gastroesophageal
reflux disease, asthma, sleep apnea) (32), and
socioeconomic status (dichotomized as
education level higher than a high school
diploma or not).

Statistical Analysis
Baseline descriptive statistics were obtained.
Participant characteristics were compared
between those with (HADS> 8) and without
(HADS, 8) significant symptoms of
depression using Chi-squared test for
categorical and unpaired t tests for
continuous variables.

To assess the association between
depression (or FEV1%) and baseline COPD
morbidity and its change over time, linear
mixed model regression of COPDmorbidity
on time, depression (or FEV1%), and time
3 depression (or FEV1%) interaction was
run, adjusted by covariates and specified
with random effects for intercept and slope
for time (see online supplement). Time
(visit = 1, 2, 3, and 4) was modeled
continuously; depression and FEV1% were
each operationalized time-invariant,
represented by its within-person average
across visits. To assess the contribution of
depression (or FEV1%) on the variations in
baseline COPDmorbidity and its change
over time, we evaluated the proportional
reduction in random effect components
across the models with and without
inclusion of depression (or FEV1%),
adjusted by covariates (see online
supplement). A secondary analysis explored
the contribution of depression or FEV1%
when including both in the samemodel.
Because there were missing observations
across visits, multiple imputation analysis
was performed using all analytic variables as
predictors in the imputation model. The
number of imputation was set at 30, and
Rubin’s method was used to combine the
parameter estimates across the imputed
dataset (see online supplement) (33). As
sensitivity, we ran a complete case analysis
with the participants who had three or more
annual assessments with no missing data.
An additional sensitivity analysis was run
using d-method, a controlledMI under
pattern-mixture modeling framework, to
assess robustness of the results under
missing-not-at-random assumption (see
online supplement) (34).

Statistical significance was defined as
P, 0.05. All analyses were conducted using
STATA 15.1.

Results

Participants had a mean6 SD age of
65.16 8.1 years and were 43% female
(Table 1). Participants had a mean smoking
history of 52.76 27.5 pack years andmean
comorbidities of 2.06 1.4. The mean FEV1%
predicted was 60.9%6 23.0, with the within-
person average of 60.3%6 22.9. Those with
complete data had fewer reported symptoms
than those without complete data (Table E1).

366 out of 1,830 participants (20%)
reported clinically significant symptoms of
depression (HADS>8) at baseline. The
baseline mean6 SDHADS was 4.96 3.6,
with the within-person average of 4.76 3.3.
Those who reported clinically significant
symptoms of depression were more likely to
be younger, males, with lower educational
status and a higher number of comorbid
diseases than those with low symptom
burden from depression (Table 1). There was
a high prevalence of antidepressant use in
participants overall. The rate of reported use
of antidepressant medication was higher in
those with significant depressive symptoms
than those without depressive symptoms at
study entry (Table 1). Indication for use of
antidepressants was not available.

Depressive Symptoms and FEV1%
Association with Baseline Morbidity
and Change Over Time
Models specified random intercept and
random slope based on statistically
significant differences in participants’
baseline morbidity and its change over time
(Tables E2 and E3). Adjusting for covariates,
higher depressive symptoms were adversely
associated with baseline morbidity and its
change over time (Table 2). A one-point
increase in HADS was associated with worse
baseline SGRQ (b=3.13, P, 0.001), CAT
(b=1.07, P, 0.001), FACIT-F (b=25.64,
P, 0.001), and mMRC (b=0.11,
P, 0.001); as well as lower baseline 6MWD
(b=29.17, P, 0.001). In addition, a one-
point increase in HADS was associated with
a higher rate of change over time in SGRQ
(b=0.17, P=0.001), CAT (b=0.10,
P, 0.001), and FACIT-F (b=20.42,
P, 0.001). Depressive symptoms were not

significantly associated with the rate of
change in mMRC or 6MWD.

A lower FEV1% was associated with
worse baseline morbidity for all measures
and worse rate of change for SGRQ and
6MWD (Table 2). Adjusting for
covariates, one percentage point lower
FEV1% was associated with worse baseline
measures (e.g., lower for 6MWD and
higher for SGRQ, CAT and MMRC)
evidenced by SGRQ (b=20.40,
P, 0.001), CAT (b=20.12, P, 0.001),
FACIT-F (b= 0.23, P, 0.001), mMRC
(b=20.02, P, 0.001), and 6MWD
(b= 1.77, P, 0.001). For clinical context,
this portends to a 10% decline in FEV1%
being associated with a 4-point increase in
SGRQ, 1.2-point increase in CAT, 2.3-
point decline in FACIT-F, 0.2 increase in
mMRC, and 17.7 m decline in 6MWD.
Each drop in percent predicted for FEV1%
was associated with a worse/steeper rate of
decline in SGRQ over time (b=20.02,
P = 0.006) and 6MWD over time (b= 0.28,
P, 0.001). FEV1% was not significantly
associated with steeper rate of change in
CAT FACIT-F, or mMRC.

When looking at heterogeneity in
baseline morbidity and subsequent change
over time, adjusting for covariates, depressive
symptoms explained the differences in
participants’ baseline SGRQ by 35.3%, CAT
by 30.6%, FACIT-F by 67.8%, mMRC by
22.7%, and 6MWD by 8.0%. In comparison,
FEV1% explained the differences in
participants’ baseline SGRQ by 29.3%, CAT
by 18.9%, FACIT-F by 5.9%, mMRC by
31.7%, and 6MWD by 15.5% (Table 2 and
Figure 1). Similarly, when adjusting for
covariates, depressive symptoms explained
the heterogeneity in SGRQ’s rate of change
by 4.6%, CAT’s by 8.1%, FACIT-F by 17.4%,
andmMRC by 2.8%. Depressive symptoms
did not explain the participant differences in
6MWD’s rate of change (0.9%). In
comparison, FEV1% explained 7.8% of such
difference in 6MWD and 3.8% in SGRQ; but
did not explain any other outcomes’ rate of
change (Table 2 and Figure 2). In the
secondary analysis, the above results
remained intact when adjusting for either
FEV1% or depression by including both in
the samemodel (Table E4).

Although the statistical significances
of the differences between depressive
symptoms and FEV1% could not be
formally tested—because the two models
were not nested—AIC suggests that
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these differences are likely to be
meaningful based on the magnitude of
the differences that exceeded two (Table
E5), an often-used benchmark for

indicating significant model fit
improvement (35).

Given that multiple imputation
analysis was used due to missing data, we

conducted a sensitivity analysis using only
participants with complete data for three
or more time points (Table E6). The
percentage of explained variance from

Table 1. Baseline participant characteristics stratified by depressive symptoms*

All, N=1,830† Not Depressed, n= 1,431‡ Depressed, n=366‡

Female, n (%) 780 (42.6) 584 (40.8) 180 (49.2)
Age 65.1 (8.1) 66.10 (7.7) 61.22 (8.1)
BMI 27.4 (5.3) 27.38 (5.2) 27.30 (5.7)
Race
Caucasian, n (%) 1,484 (81.1) 1,170 (81.8) 295 (80.6)
Black, n (%) 280 (15.3) 210 (14.7) 56 (15.3)
Asian, n (%) 22 (1.2) 17 (1.2) 5 (1.4)
American Indian, n (%) 8 (0.4) 4 (0.3) 4 (1.1)
Multiracial, n (%) 27 (1.5) 23 (1.6) 4 (1.1)
Missing, n (%) 9 (0.5) 7 (0.5) 2 (0.6)
HS grad or below, n (%) 712 (39.0) 497 (34.8) 191 (52.3)
Smoking pack-years 52.7 (27.5) 52.2 (25.7) 54.6 (33.5)
Comorbidity count 2.0 (1.4) 2.0 (1.4) 2.2 (1.5)
Antidepressant therapy 876 (47.9) 664 (46.4) 197 (53.8)
FEV1% predicted 60.9 (23.0) 63.0 (23.0) 53.2 (21.5)

Definition of abbreviations: BMI = body mass index; FEV1 = forced expiratory volume in 1 second; HADS=hospital anxiety and depression
scale; HS grad=high school graduate; SD=standard deviation.
*Reported as mean (SD) unless otherwise noted as n (%)
†Variables with N ,1,830 are HS grad or below (n=1,826), comorbidity count (n=1,725), smoking pack-years (n=1,236), and FEV1%
predicted (n=1,827).
‡All dichotomized rows do not add up to 1,830 because the initial total for all variables is not 1,830 as designated above. Additionally, 33
individuals do not have any HADS scores, as such these were imputed in analysis.

Table 2. Incremental change in morbidity accounted for by depressive symptoms compared to FEV1% in generalized linear
models*

Baseline Trajectory

b Std Error P Value % Variance Explained b Std Error P Value % Variance Explained

SGRQ
Depression 3.13 0.11 ,0.001 35.3% 0.17 0.05 0.001 4.6%
FEV1% 20.40 0.02 ,0.001 29.3% 20.02 0.01 0.006 3.8%

CAT
Depression 1.07 0.05 ,0.001 30.6% 0.10 0.03 ,0.001 8.1%
FEV1% 20.12 0.01 ,0.001 18.9% 20.01 0.00 0.082 2.6%

FACIT-F†

Depression 25.64 0.13 ,0.001 67.8% 20.42 0.08 ,0.001 17.4%
FEV1% 0.23 0.02 ,0.001 5.9% 0.01 0.01 0.304 1.2%

mMRC
Depression 0.11 0.01 ,0.001 22.7% 0.01 0.00 0.184 2.8%
FEV1% 20.02 0.00 ,0.001 31.7% 0.00 0.00 0.501 1.4%

6MWD†

Depression 29.17 0.87 ,0.001 8.0% 20.61 0.43 0.157 0.9%
FEV1% 1.77 0.12 ,0.001 15.5% 0.28 0.06 ,0.001 7.8%

Definition of abbreviations: 6MWD=6-minute walk distance (meters); CAT= Chronic Obstructive Pulmonary Disease Assessment Test; FACIT-
F=Functional Assessment of Chronic Illness Therapy Fatigue; FEV1 = forced expiratory volume in 1 second; HADS = Hospital Anxiety and
Depression Scale; mMRC=modified Medical Research Council Dyspnea Scale; SGRQ=St. George’s Respiratory Questionnaire; Std = standard.
*Models were adjusted for age, sex, comorbidity count, body mass index, smoking pack-year history, and highest education attained. All
analytic variables had some observations imputed except for age and sex and included a total of 7,320 individual data points to achieve three
time points of data per individual.
†FACIT-F, 6MWD, FEV1% all decline with worse disease. SGRQ, CAT, and mMRC all increase with worse disease.
For “Baseline,” “b” represents the estimated mean difference in the baseline outcome for 1-point increase in HADS depression score or 1-unit
increase in FEV1%; “% Variance Explained” represents the proportional reduction in the between-person variance estimate for intercept (see
Table E2) attributed to depression or FEV1%.
For “Rate of Change,” “b” represents the estimated mean difference in the slope of time (or rate of change) for 1-point increase in HADS
depression score or 1-unit increase in FEV1%; “% Variance Explained” represents the proportional reduction in the between-person variance
estimate of the slope of time (or rate of change) (see Table E2) attributed to depression or FEV1%.
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depressive symptoms and FEV1% was
similar to those from the multiple
imputation analysis (Table E6). The
sensitivity analysis under missing-not-at-
random assumption also returned similar
results (Tables E7–E9).

Discussion

Our results demonstrated that individuals
with COPD and depressive symptoms had
worse patient reported outcomes, including

worse quality of life and respiratory
symptoms; and worse functional status,
compared with their counterparts without
depressive symptoms. Importantly,
depressive symptoms explained 8–68% of
heterogeneity in baseline patient-reported
outcomes, and were a larger contributor to
patient reported morbidity than FEV1%.
Depressive symptoms were also a greater
contributor than FEV1% to change over time
in PROS such as CAT, SGRQ, and FACIT-F.

Our results show that 20% of
individuals with COPD in the SPIROMICS

cohort had significant depressive symptoms,
which is similar to previous estimates of
15–20% (3, 36) and higher than the general
U.S. population (4). This patient cohort has a
similar mean burden of depressive
symptoms over time to the baseline burden
of depression in the Evaluation of COPD
Longitudinally to Identify Predictive
Surrogate Endpoints (ECLIPSE) study (9).
Our study adds to literature previously
reported from ECLIPSE in that we
demonstrate that depressive symptoms are
an important driver of COPDmorbidity

35.3%
30.6%

67.8%

22.7%

8.0%

29.3%

18.9%

5.9%

31.7%

15.5%

0.0%
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50.0%

60.0%

70.0%

80.0%

SGRQ Total CAT FACIT-F mMRC 6MWD

Attributed to Depressive Symptoms Attributed to FEV1% Predicted

Figure 1. Proportion of variance accounted for in baseline morbidity by depressive symptoms compared with FEV1% predicted. 6MWD =
6-minute walk distance (meters); CAT = Chronic Obstructive Pulmonary Disease Assessment Test; FACIT-F = Functional Assessment of Chronic
Illness Therapy Fatigue; FEV1 = forced expiratory volume in 1 second; mMRC = modified Medical Research Council Dyspnea Scale; SGRQ =
St. George’s Respiratory Questionnaire.

4.6%

8.1%

17.4%

2.8%
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Figure 2. Proportion of variance accounted for in change in morbidity over time by average depressive symptoms compared with FEV1%
predicted. 6MWD = 6-minute walk distance (meters); CAT = Chronic Obstructive Pulmonary Disease Assessment Test; FACIT-F = Functional
Assessment of Chronic Illness Therapy Fatigue; FEV1 = forced expiratory volume in 1 second; mMRC = modified Medical Research Council
Dyspnea Scale; SGRQ = St. George’s Respiratory Questionnaire.
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compared with spirometry (9). The utility of
lung function as a solitary measure for
disease progression has previously been
challenged and may not be the best marker
to follow for disease burden (18, 19). Current
GOLD guidelines emphasize a multifaceted
approach to COPDmanagement
incorporating spirometry, patient symptoms,
comorbidities, and exacerbation data (15). In
particular, the CAT and the mMRC are
patient reported outcomes that are used to
determine GOLDDisease Classification and
guide therapeutic management (28, 29). As
these guidelines direct clinical practice, our
data suggest that it is of particular
importance to remain cognizant of patients’
depressive symptoms when interpreting
CAT andmMRC. Data presented here
supports that depressive symptoms are more
strongly associated with CAT scores than
FEV1% at baseline andmore strongly
associated over time with CAT andmMRC
scores, highlighting a need for better
understanding of what COPD disease
control means to patients and providers.

Depression accounted for 30.6% of
heterogeneity in CAT at baseline and 8.1% in
its change over time while depression
accounted for 22.7% of heterogeneity in
mMRC at baseline and 2.8% in its change
over time. The difference in the amount of
heterogeneity explained at baseline and the
measure of its change over time was larger
for the CAT as compared with the mMRC.
This larger difference may reflect the items in
CAT focusing on a range of symptoms and
impact on life, such as fatigue and energy
level, compared with the mMRCwith a
singular focus on breathlessness. This can be
helpful when thinking about how best to
utilize the GOLD disease classifications.
Presence of depressive symptoms has a
stronger association with CAT’s change over
time than does FEV1%, while mMRC’s
change over time was not significantly
associated with either depression or FEV1%.
The 6MWDwas the only outcome where
FEV1% accounted for a greater proportion of
variance in the outcome’s change over time
than did depressive symptoms. The distance
individuals can walk is often discordant with
other measures of COPD severity and varies
independently of subjective dyspnea. This
difference may in part explain why
depression explained more variance in
patient reported outcomes than 6MWD (37).

Furthermore, our current study
included longitudinal analysis of depressive
symptoms and associations with SGRQ,

CAT, FACIT-F, and mMRC.When
depressive symptoms go unrecognized,
patients may be experiencing a worse disease
trajectory over time. This could translate into
increased health care utilization and
increased prescribing of inhaled medications
with little symptomatic benefit in the absence
of addressing underlying depression. It has
previously been noted that this lack of
recognition stems from patient and provider
factors and increased awareness of depressive
symptoms in patients with COPDmay help
advance attention to mental health in this
patient population and target comprehensive
patient centered care (38). Together these
results support the need to identify
psychological health across all aspects of care
and create opportunities for
multidisciplinary approaches to COPD care
in pulmonary and primary care clinics.

Although there are no widely adopted
integrated programs to address depression in
COPD, interventions in heart failure have
shown success. Interventions in COPD
designed to address depressive symptoms and
psychosocial aspects of disease have included
multidisciplinary approaches to care (39, 40).
Attending pulmonary rehabilitation programs
has shown some benefit in depressive
symptoms in individuals with COPD (41).
There is also growing information and
interest in developing early palliative care
interventions to address psychosocial well-
being and symptom control in patients with
COPD (42).Weekly andmonthly nurse
follow-up phone calls to assess social support
and health, mood, and well-being in addition
to cardiac symptom burden showed
improvement in New York Heart Failure
Classification and in physical well-being (40).
These together speak to the multidimensional
approach needed to address COPD and its
common comorbidities in attempt to improve
quality of life and health outcomes. Given the
high prevalence of depression, clinicians may
need to consider efficacious behavioral
treatments for the COPD population given
the dearth of evidence supporting
pharmacotherapy for depression (43).

A major strength of our study is the
robust cohort from which this data is drawn.
While there were individuals on treatment
for depression, it is unclear if symptoms were
appropriately controlled on medications, if
the medications were in a state of ongoing
adjustment, or if the antidepressants were
prescribed for an indication other than
depression. This is reflected by the absence of
a statistically significant difference in use of

antidepressant medication in those with
significant depressive symptoms compared
with those without depressive symptoms.

This study did have some limitations to
acknowledge. This study used the HADS for
assessment of depressive symptoms. The
HADS is a screening tool and not a complete
psychiatric interview for diagnosis of
depression or anxiety; however, this is a
validated and widely used tool to detect the
presence of depressive symptoms (25, 44).
The FACIT-F includes mood, energy, and
motivation in its assessment among
functional daily activity questions, and thus
has some overlap with depressive symptoms
analysis. This study presents a multiple
imputation analysis of longitudinal data and
includes a supplemental analysis including
only individuals with complete data points
over three time visits. The supplemental
analysis had a relatively low number of
individuals with three complete visits in part
due to loss to follow up but also because slow
enrollment resulted in many participants not
completing three years of follow-up during
the funding period. The missing mechanism
was unlikely to be missing-completely-at-
random because participants in the
supplemental analysis showed better health
outcomes than those without complete data.
Therefore, we presented multiple imputation
analysis under missing-at-random as our
primary analysis and the missing-
completely-at-random analysis with
complete data over three time points as
supplemental analysis. The results of these
two analyses were similar. An additional
sensitivity analysis using d-method, a type of
controlled multiple imputation approach
under the situation where missing-at-
random is violated, also showed similar
results to our primary analysis, suggesting
robustness of our conclusions across
different missing data assumptions (34).

Previously it has been shown
individuals with a higher burden of
respiratory symptoms have a higher degree
of depression and anxiety (10). It is likely that
psychological symptoms may influence a
patient’s perception of disease control in
addition to possibly being related to
behaviors affecting disease, thus having a
bidirectional association with patient-
reported outcome measures (11). As
symptoms worsen over time, the impact of
such disease may also contribute to worse
psychological symptoms. However, results
presented in this paper demonstrate an
association of pre-existing depressive
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symptoms with increased burden of disease
overtime.

Conclusions
Depressive symptoms explain a greater
proportion of patient reported outcomes
than FEV1% in individuals with COPD and
emphasizes the importance of
multidisciplinary programs for COPD
management. Further analyses of how
depression as a major comorbidity of COPD
impacts patient reported outcomes,
specifically CAT, SGRQ, andmMRCwill
help the development of more
comprehensive approaches to care.�
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