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Background and objective: Although depression is considered one of the comorbidities of
COPD, the clinical characteristics of depression in patients with early COPD remain unknown.
We aimed to use national-level data to identify the clinical features and risk factors of depres-
sion in patients with early COPD.

Methods: We examined 7,550 subjects who were registered in the Korean National Health and
Nutrition Examination Survey database of 2014 because that was the only year in which the
Patient Health Questionnaire-9 for depression status was administered. Spirometry was used
to identify patients with COPD whose forced expiratory volume in 1 second was 50% or more,
and these patients were included in the analysis.

Results: Of the 211 subjects with early COPD, 14.2% also had depression, whereas 85.8%
did not. The patients with depression were predominantly living alone and had a greater
prevalence of diabetes compared with the patients without depression. The overall quality
of life of the subjects with depression was lower than that of those without depression,
and only the quality of life index correlated significantly with depression severity. In
the multivariate regression analysis, female sex (adjusted OR, 1.79; 95% CI, 1.38-2.31;
p<0.01), living alone (adjusted OR, 1.86; 95% CI, 1.37-2.51; p<<0.01), and low income
(adjusted OR, 2.17; 95% CI, 1.55-3.04; p<<0.01) were identified as significant risk factors
for depression.

Conclusion: In patients with early COPD, depression was associated with a low quality of life,
and female sex, living alone and low income were significant risk factors for depression.
Keywords: early COPD, depression, Patient Health Questionnaire-9, risk factors

Introduction
COPD is a progressive small airway disease that is characterized by chronic respiratory
symptoms, such as cough, sputum, and dyspnea. Even though COPD is considered
a progressive debilitating disease by itself, several well-known comorbid conditions
make patients with COPD difficult to manage.' Over 50% of patients with COPD have
1-2 comorbid conditions, 15.8% have 34, and 6.8% have more than 5.2 Guidelines
describe several comorbidities, including hypertension, cardiovascular disease, diabetes
mellitus (DM), osteoporosis, and lung cancer.! Although the mechanisms underlying
the association of comorbidities with COPD are not clear, several possible mecha-
nisms, including smoking-related respiratory and systemic inflammation, alveolar
microangiopathy, and vascular stiffness, might play a role in the pathogenesis of both
the COPD and the comorbidities.*

Psychiatric conditions, such as depression and anxiety, are also comorbidities of
COPD.! Comorbid depression in patients with COPD is related to low quality of life
(QoL)," high health care resource utilization,® more frequent exacerbation,*!? and increased
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mortality.!" Early identification of these psychiatric conditions
and psychological interventions in patients with COPD might
improve the depression symptoms and clinical outcomes.'?
These observations are mainly evident in patients with symp-
tomatic and overt COPD. Information is lacking on patients
with less symptomatic and less severe COPD.

In the present study, we aimed to identify the prevalence,
risk factors, and clinical features of depression experienced
by patients with early COPD.

Methods

Source of data

The Korean National Health and Nutrition Examination
Survey (KNHANES) is a nationwide representative study
that is conducted annually to assess the health and nutritional
status of people in Korea. Trained interviewers administer
questionnaires on diverse health-related data, and subjects
self-report their health-related habits, including smoking.
Because the KNHANES uses a complex, multistaged
probability sample design, the results represent the total
noninstitutionalized population of Korea.'*!* We used data
from the 2014 KNHANES because that was the only year
that the Patient Health questionnaire (PHQ)-9 for assessing
depression status was administered.

This study was exempted from the informed consent
requirement by the Institutional Review Board Committee
of KyungHee University Hospital because of its retrospec-
tive nature and widely available public data (IRB No KHUH
2017-11-015). All KNHANES data used in this study were
anonymous and did not contain any personally identifiable
information.

Definition of early COPD

Subjects over 40 years of age underwent spirometry in the
KNHANES design, and COPD was defined as a spirometry-
confirmed airflow limitation (forced expiratory volume
in 1 second [FEV ]/forced vital capacity [FVC] <0.70).
A definition of early COPD has not yet been established.
Thus, we used the following inclusion criteria for the patients
with early COPD based on the result of a study of the natural
course of early COPD in Korean patients:'* 1) age =40 years,
2)FEV /FVC <0.70, and 3) FEV, =50%. In order to clarify
COPD, only patients with 10 pack-years or more smoking
history were included, and patients who were diagnosed with
asthma from clinician were excluded.

PHQ-9 for assessing depression
The PHQ-9, which is based on the diagnostic criteria of the
Diagnostic and Statistical Manual of Mental Disorders,

Fourth Edition (DSM-IV), assesses the patients for feelings
of no pleasure, depression, sleep changes, fatigue, changes
in appetite, guilt feelings, no sense of worth, loss of con-
centration, feelings of being stuck, and suicidal ideation
over the previous 2 weeks. Each item is scored from 0 (not
at all) to 3 (almost daily), with a score of 27 overall, which
reflects more severe depression.'®!” PHQ-9 is used to not only
screening but also for diagnosing depressive disorder because
all DSM-1V criteria of a depressive episode are included.'®
A PHQ-9 scores of 5 or more indicates depression,'” and a
PHQ-9 score of =10 has been found to have 91% sensitivity
and 89% specificity for a diagnosis of major depression in
stroke patients." The PHQ-9 was validated in both a medical
setting and in a general population.'*2! Furthermore, we
used Korean version of PHQ-9 depression scale, which also
has been validated.”> We defined the PHQ score of =5 as
depression in this study.

Clinical measurements

The KNHANES provides researchers information on various
demographic factors, including age, sex, body mass index
(BMI), level of education, self-perceived degree of income,
spirometry results, and disease status for patients either pre-
viously diagnosed or currently under treatment. EuroQol-5
dimensions questionnaire (EQ-5D), a simple health-related
QoL instrument consisting of 5 health dimension (mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression), was used to measure QoL status.”* For each
dimension, subjects are asked to mark between 1: “no prob-
lem” to 5: “unable to/extreme problems,” and these responses
are combined to produce a 5-digit number and consequently
converted to EQ-5D index score from full health status 1
to death 0. The EQ-5D is a valid instrument for measuring
self-perceived health-related QoL status in both general and
COPD patients.>* The Korean version of the EQ-5D scale
was used in the KNHANES.>

Statistical analysis

The differences between patient groups (COPD vs non-
COPD, with depression vs without depression) were
assessed using y? tests for categorical variables, with the
results expressed as numbers and percentages, and Student’s
t-tests for continuous variables, with the results presented as
mean and SD. The KNHANES provides population weights.
When comorbid conditions were compared between subjects
with COPD and those without COPD, survey analyses
weighted for spirometry were examined and expressed as
percentages to result in estimates that were representative
of the noninstitutionalized population. Spearman rank
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correlation analyses were performed to identify correla-
tions between the PHQ scores and other factors, such as
BMI and FEV . Then, to identify factors that were related
to depression in the subjects with early COPD, stepwise
logistic regression analyses were conducted. Only factors
with P-value <0.1 in the univariate analysis were used in
the multivariate analysis.

P-values <0.05 were considered significant. All analyses
were conducted using Stata (version 14.2; StataCorp LC,
College Station, TX, USA).

Results

Subject characteristics
Among the 2,885 subjects over 40 years of age who under-
went spirometry, 211 were patients with early COPD who
had PHQ-9 questionnaire results available (Figure 1).
Compared with non-COPD patients (n=2,224), patients
with COPD (n=211) were older, predominantly male, and
had a greater history of smoking. Education levels differed
significantly between the non-COPD and COPD groups,
with the COPD group having lower levels of education. The
data for the prevalence of the comorbid conditions, which
are presented in percentages (%) by applying the survey
analysis, showed that DM, hypertension, ischemic heart
disease, and cerebrovascular accident are more common in
the COPD group than in the non-COPD group. The PHQ-9
scores was higher in non-COPD group (2.5£3.5 vs 2.0+3.1

KNHANES (2014)
N=7,550

y

Subjects with spirometry (age 240)
N=2,885

R Subjects without PHQ-9
g questionnaire (N=205)

Subjects with FEV /FVC <0.7
with PHQ-9 survey results

N=410
Subjects whose FEV, <50% (N=19)
» History of asthma (N=19)
Smoking <10 pack-year (N=161)
y
Early COPD
N=211

Figure | Flow diagram of the study participants.

Abbreviations: FEV‘, forced expiratory volume in | second; FVC, forced vital
capacity; KNHANES, Korean National Health and Nutritional Examination Survey;
PHQ-9, Patient Health Questionnaire-9.

for non-COPD and early COPD group, respectively; p=0.04).
But, prevalence of moderate-to-severe depression was not
different between the 2 groups (27.8% vs 20.0%; p=0.36)
(Table 1). The scores for each item on the PHQ-9 for the
COPD and non-COPD subjects are presented in Table S1.

Clinical characteristics of the patients
with early COPD according to

depression

Table 2 shows the clinical features of the patients with early
COPD with and without depression. Patients with early
COPD and depression at the same time were more likely to
live alone in low QoL status than those early COPD patients
without depression. With regard to the comorbidities, patients
with early COPD and depression had a significantly higher

Table | Baseline characteristics of patients with non-COPD and
early COPD

Variables Non-COPD* Early COPD* P-value
(N=2,224) (N=211)
Age, years 56.1x10.2 64.719.0 <0.01
Sex, male (%) 852 (38.3) 208 (98.6) <0.01
BMI (kg/m?) 24.0£3.1 24.1+2.9 0.83
Ever smoker® 782 (35.5) 211 (100.0) <0.01
Smoking, pack-year 7.1+13.8 3471227 <0.01
Living style, live alone 300 (13.8) 15(7.2) 0.01
Income, low vs high 485 (21.9) vs 52 (24.8) vs 0.61
595 (26.8) 53 (25.2)
Level of education
Primary level 562 (25.3) 67 (31.7) 0.02
Secondary level 1,069 (48.1) 104 (49.3)
University level 592 (26.6) 40 (19.0)
Comorbidities (%)
DM 13.2 253 <0.01
HTN 33.0 46.6 <0.01
Ischemic heart disease 1.8 4.8 0.01
CKD 0.3 0 0.48
CVA 1.4 32 0.03
History of PTB 39 6.5 0.12
History of cancer 4.9 3.6 0.37
Lung function
FEV,, % predicted 95.5+12.0 79.8%13.1 <0.01
FEV /FVC (%) 79.4+4.8 63.5£5.5 <0.01
Index of QoL
EQ-5D 0.940.1 0.940.1 0.77
PHQ-9
Total score 2.5+3.5 2.043.1 0.04
Moderate to severe 109 (27.8) 6 (20.0) 0.36

depression

Notes: *Data are presented as number (%) or mean * SD. *Ever smoker includes
current or ex-smoker.

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CVA,
cerebrovascular accident; DM, diabetes mellitus; EQ-5D, EuroQol-5 dimensions
questionnaire; FEVl, forced expiratory volume in | second; FVC, forced vital capacity;
HTN, hypertension; PHQ-9, Patient Health Questionnaire-9; PTB, pulmonary
tuberculosis; Qol, quality of life.
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Table 2 Comparison of demographic and clinical characteristics
among patients with early COPD with or without depression?

Variables Early COPD P-value
Without With
depression depression
Subjects 181 (85.8) 30 (14.2)
Age, years 64.91£8.9 64.0£9.5 0.65
Sex, male (%) 179 (98.9) 29 (96.7) 0.34
BMI (kg/m?) 242429 234429 0.20
Smoking, pack-year 35.1£23.9 32.6%13.3 0.57
Living style, live alone 8 (4.5) 7 (23.3) <0.01
Income, low vs high 43 (23.8) vs 9 (31.0) vs 0.69
46 (25.4) 7(24.1)
Level of education
Primary level 57 (31.5) 10 (33.3) 0.42
Secondary level 92 (50.8) 12 (40.0)
University level 32 (17.7) 8 (26.7)
PHQ-9 score 1.0£1.3 7.9+4.0 <0.01
Comorbidities
DM 35(20.2) 10 (41.7) 0.02
HTN 88 (48.6) 19 (63.3) 0.14
Ischemic heart disease 10 (5.5) 1 (3.3) 0.62
CKD NA NA
CVA 9 (5.0 I 33) 0.70
Obesity, underweight 3(1.7)vs I (3.3)vs 0.45
vs obesity 117 (64.6) 16 (53.3)
History of PTB 12 (6.6) 1 33) 0.49
History of cancer 10 (5.5) I (3.3) 0.62
Lung function
FEV,, % predicted 80.1£13.2 77.7+12.8 0.35
FEV /FVC 63.610.1 62.9+0.1 0.49
Index of QoL
EQ-5D 1.00.1 0.8+0.2 <0.01

Note: *Data are presented as number (%) or mean * SD.

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CVA,
cerebrovascular accident; DM, diabetes mellitus; EQ-5D, EuroQol-5 dimensions
questionnaire; FEV , forced expiratory volume in | second; FVC, forced vital capacity;
HTN, hypertension; NA, not applicable; PHQ-9, Patient Health Questionnaire-9;
PTB, pulmonary tuberculosis; QoL, quality of life.

prevalence of DM than those without depression. The results
of the comparative analyses of each item of the PHQ-9 for
the subjects with and those without depression are presented
in Table S2.

There was no significant difference in BMI between the
groups, nor was there any difference in the analysis according
to the degree of obesity according to Asian Pacific guidelines
for obesity.?® Lung function did not differ between the groups.
QoL was significantly lower in the depressed group (EQ-5D:
early COPD without depression, 1.020.1; early COPD with
depression, 0.8+0.2; p<<0.01). Among the possible relevant
factors (Figure 2), only the EQ-5D was significantly and
negatively correlated with PHQ-9 scores (Spearman rank
correlation coefficient, —0.43; p<<0.01; Figure 2C).

Risk factors for depression in patients
with early COPD

To identify the factors that contribute to depression in
patients with early COPD, univariate and stepwise multi-
variate logistic regression analyses were conducted, and the
results, which are presented in Table 3, showed that female
sex (adjusted OR, 1.79; 95% CI, 1.38-2.31; p<<0.01), liv-
ing alone (adjusted OR, 1.86; 95% CI, 1.37-2.51; p<<0.01),
and low income (adjusted OR, 2.17; 95% CI, 1.55-3.04;
p<0.01) were related to the development of depression in
patients with early COPD. The EQ-5D was also significant
in the logistic regression analysis, but it was not included
as a single variable considering the ambiguity of the causal
relationship with depression.

Discussion

The present study showed that subjects with early COPD and
depression simultaneously were more often females living
alone in low socioeconomic status compared with subjects
without depression. The most notable aspect of our study was
that depression was assessed by using a valid and objective
tool. Besides, studies on early COPD are rare. There is a lack
of data on the clinical features of early COPD because it is
extremely difficult to enroll patients in clinical trials or cohort
studies because of the mild, asymptomatic symptoms rarely
requiring a visit to the hospital. However, we can evaluate
these patients through the national health checkup project.
This is another noteworthy point in this study.

Like patients with other chronic disease, patients with
COPD have a higher prevalence of depression than the
general population does, and the relative risk of developing
depression was highest in patients with severe COPD.?” The
key pathophysiological mechanisms underlying the associa-
tion between COPD and depression are not fully understood.
However, because of several common contributing factors
related to the development and progression of each disease,
depression is considered one of the comorbid conditions
of COPD. A number of mechanisms might underlie the
association of depression with COPD. First, smokers tend
to be depressed. Hamalainem et al,?® found a 2.24-fold
increased risk of depression in current smokers compared
with nonsmokers. This result might have been related to
smoke-induced inflammation® or nicotinic acetylcholine
receptor activation.’® Second, because COPD is a chronic
inflammatory disease, depression might occur as part of
the systemic inflammatory response. Although systemic
inflammatory markers, such as tumor necrosis factor-o*!
and soluble tumor necrosis factor receptor-1,> have been
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pred, predicted.

reported to positively correlate with depression in patients
with COPD. Third, hypoxia might affect the development of
depression as 57% and 18% of patients with severe COPD
requiring long-term oxygen therapy had depression and

Table 3 Factors associated with depression in patients with early COPD

severe depression, respectively.** However, in the present
study, depression defined by PHQ-9 was not prevalent in
COPD subjects compared to non-COPD subjects. This result
was probably due to the nature of our data, in that our study

Variables Univariate analysis Multivariate analysis®
OR 95% CI P-value OR 95% ClI P-value

Age 0.99 0.95-1.03 0.64 0.99 0.98-1.01 0.45
Sex, female 3.09 0.27-35.14 0.36 1.79 1.38-2.31 <0.01
Living style, live alone 6.51 2.16-19.62 <0.01 1.86 1.37-2.51 <0.01
Income

Low vs high 0.73 0.25-2.12 0.56 2.17 1.55-3.04 <0.01
Level of education

Primary vs university level 1.43 0.51-3.97 0.50 0.75 0.50-1.11 0.15

DM 2.82 1.15-6.87 0.02 1.23 0.88-1.72 0.22

FEV,, % predicted 0.99 0.96—1.02 0.35

FEV,/FVC 0.10 0-72.72 0.49
Note: *Adjusted for age, sex, BMI, living style, level of income, level of education and comorbid DM.
Abbreviations: BMI, body mass index; DM, diabetes mellitus; FEV, forced expiratory volume in | second; FVC, forced vital capacity.
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did not include patients with severe COPD but only patients
with early COPD who were receiving routine checkups.

In this study, the risk factors associated with depression
in early COPD patients were female sex, living alone, and
low income. Because we only analyzed patients with early
COPD whose respiratory symptoms were not severe, results
consistent with the known risk factors of depression in the
general population were identified.>**> The female gender
is one of the most significant predictors of depression in
early COPD as in the general population. Globally, the
depression prevalence is higher in females than in males,
and this suggests that the differential risk may have resulted
from biological differences and depends less on cultural and
socioeconomic factors.* There is no clear evidence of gender
difference on depression, but several possible relating factors
are reported such as the tendency to internalize emotions or
the occurrence of illness associated with depression, such
as premenstrual emotional disorder, postpartum depression,
and anxiety.””*® However, this gender difference of risk of
depression decreases with age and is similar at ages older than
65 years.** Given the fact that the mean age of female subjects
in this study is over 65 years of age and female gender is a
risk factor for depression in early COPD subjects, this sug-
gests that there may be a difference in gender perception or
response to COPD disease itself.

Studies on clinical features of early COPD patients are
rare, as those patients generally do not experience symptoms
to induce hospital visits. However, we benefitted from the
use of the KNHANES to identify these groups of patients.
It remains unclear whether knowing the clinical feature
and treating asymptomatic early COPD could be beneficial
with regard to the aspect of delaying disease progression
and changing the clinical outcome. But considering the
pathogenesis and continuum of disease progression suggests
that identifying and treating these patients might influence
the course of disease. In fact, EQ-5D scores in early COPD
patients were almost normal, but EQ-5D was significantly
lower in patients with depression. Except for the severity of
COPD, depression may have an impact on overall QoL. This
suggests that early detection of depressive symptom in early
COPD patients and conducting an appropriate intervention
may affect the patient’s clinical course.

There are several limitations to consider. First, COPD was
defined by spirometry-confirmed airflow obstruction, but only
prebronchodilator spirometry results were available in the
KNHANES protocol. However, the prebronchodilator and
postbronchodilator results were shown to be interchangeable
in a large cohort study,***! and defining COPD patients not

only by spirometry but smoking status as well might help
clearly define the COPD patients. Second, we assessed
depression using a valid questionnaire, but the gold standard
for the diagnosis of depression is the DSM-IV, which was
not available in the KNHANES dataset. Third, among the
depressed patients with early COPD, 24 of 30 (80%) were
mildly depressed. Therefore, an analysis of the severity of
depression was not applicable. Finally, because all study
participants were Korean, this study lacked racial diversity,
which results in restrictions when it comes to generalizing
of our results to all patients with early COPD.

Conclusion

In the present study, we focused on early COPD and found
that the female sex, living alone, and low income were the
factors related to the development of depression. The risk
factors for depression in patients with early COPD were
similar to those of well-known risk factors for depression
in the general population. Since the KNHANES survey
is conducted every 2 years, longitudinal studies regarding
depression in early COPD are expected in the future.

Disclosure
The authors report no conflicts of interest in this work.
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Table SI Comparison of each PHQ-9 item in patients with COPD and non-COPD?
PHQ-9 items Non-COPD COPD P-value
(N=2,224) (N=211)
PHQI (little interest or pleasure in doing things) 0.304+0.70 0.24+0.64 0.21
PHQ?2 (feeling down, depressed, or hopeless) 0.26+0.62 0.16+0.47 0.02
PHQ3 (trouble falling or staying asleep, or sleeping too much) 0.53+0.90 0.43+0.84 0.10
PHQ4 (feeling tired or having little energy) 0.63+£0.91 0.49+0.85 0.04
PHQS5 (poor appetite or overeating) 0.26+0.65 0.19+0.60 0.18
PHQé6 (feeling bad about yourself, or that you are a failure or have let yourself or your family down) 0.18+0.54 0.21+0.60 0.54
PHQ? (trouble concentrating on things, such as reading the newspaper or watching television) 0.12+0.47 0.12+0.46 0.98
PHQ8 (moving or speaking so slowly that other people could have noticed, or the opposite, being 0.08+0.38 0.06+0.30 0.44
so fidgety or restless that you have been moving around a lot more than usual)
PHQ?9 (thoughts that you would be better off dead or hurting yourself in some way) 0.10£0.41 0.06+0.31 0.21
Total score 2.46+3.50 1.95+3.07 0.04
Note: °Data are presented as mean * SD.
Abbreviation: PHQ-9, Patient Health Questionnaire-9.
Table S2 Comparison of each PHQ-9 items in early COPD subjects with or without depression®
PHQ-9 items Without With P-value
depression depression
(N=181) (N=30)
PHQI (little interest or pleasure in doing things) 0.11+0.42 1.0£1.1 <0.01
PHQ?2 (feeling down, depressed, or hopeless) 0.77+0.90 0.06+0.23 <0.01
PHQ3 (trouble falling or staying asleep, or sleeping too much) 0.23+0.59 l1.6xl.16 <0.01
PHQ4 (feeling tired or having little energy) 0.29+0.61 1.7£1.06 <0.01
PHQYS5 (poor appetite or overeating) 0.11+0.46 0.70+0.99 <0.01
PHQ6 (feeling bad about yourself, or that you are a failure or have let yourself or your family down) 0.07+0.32 1.03£1.07 <0.01
PHQ?7 (trouble concentrating on things, such as reading the newspaper or watching television) 0.07+0.29 0.431£0.94 <0.0l
PHQS8 (moving or speaking so slowly that other people could have noticed, or the opposite, being 0.02+0.17 0.30+0.65 <0.0l
so fidgety or restless that you have been moving around a lot more than usual)
PHQ9 (thoughts that you would be better off dead or hurting yourself in some way) 0.01£0.10 0.3740.72 <0.01
Total score 0.97+1.25 7.90+3.96 <0.01
Note: *Data are presented as mean * SD.
Abbreviation: PHQ-9, Patient Health Questionnaire-9.
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