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Rationale: Depression is a prevalent comorbidity of chronic obstructive pulmonary disease 
(COPD) that, along with COPD, has been associated with inflammation. An association between 
inflammation and depression in COPD has not been validated in a large COPD cohort.
Methods: Individuals from the University of Pittsburgh SCCOR cohort and the COPDGene 
cohort with tobacco use history and airway obstruction (FEV1/FVC <0.7) were evaluated 
using the Beck Depression Inventory II (BDI-II) and the Hospital Anxiety and Depression 
Scale (HADS), respectively. Participants completed symptom-related questionnaires and 
plasma IL-6 measurements. T-test, Fisher’s Exact tests and logistic regression were used 
for statistical analysis.
Results: The SCCOR cohort included 220 obstructed participants: 44% female and 21.4% 
with elevated depressive symptoms. GOLD staging distribution was predominantly stage 
I and II. The COPDGene cohort included 745 obstructed participants: 44% female and 
13.0% with elevated depressive symptoms. GOLD distribution was predominantly stage II 
and III. In the SCCOR cohort, correlation between IL-6 and depressive symptoms trended 
toward significance (p= 0.08). Multivariable modeling adjusted for FEV1, age, gender and 
medical comorbidities showed a significant association (OR = 1.70, 95% CI = 1.08–2.69). 
IL-6 was significantly associated with elevated depressive symptoms in COPDGene in both 
univariate (p=0.001) and multivariable modeling (OR = 1.52, 95% CI =1.13–2.04).
Conclusion: Elevated plasma IL-6 levels are associated with depressive symptoms in 
individuals with COPD independent of airflow limitation and comorbid risk factors for 
depression. Our results suggest that systemic inflammation may play a significant and 
possibly bidirectional role in depression associated with COPD.
Keywords: IL-6, depression, beck depression inventory, BDI, HADS, TNF-a, CRP, 
SCCOR, COPDGene

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a common lung disease con-
tributing to significant worldwide morbidity and mortality.1 The complex pathogen-
esis of COPD includes airway inflammation that ultimately results in airway 
obstruction.2 Moreover, COPD has strong associations with a host of comorbidities 
including depression.2–6 The estimated global prevalence of depression is less than 
10%; however, in stable COPD patients the prevalence of depression is 6–42%.7–12 

Depression in COPD has been associated with worse patient reported outcomes, 
poor adherence to medical therapy and increased mortality.13–19

Prior studies have documented that patients with COPD have elevated systemic 
inflammatory markers including C-reactive protein (CRP), interleukin-6 (IL-6), 
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tumor necrosis factor-alpha (TNF-α), activated leukocytes 
and fibrinogen.20–28 Likewise, recent literature has shown 
that adults with major depressive disorder have associated 
elevations of IL-1ß, IL-6 and CRP.29–36 A link between 
systemic inflammation and depression in individuals with 
COPD has not been conclusively established.

Lu et al found that severity of airflow limitation 
defined as decreased FEV1% predicted and FEV1/FVC 
was associated with both inflammation (ie, IL-6, CRP) 
and depressive symptoms.24 Conversely, several studies 
have found no clear association between IL-6 and depres-
sion in the setting of COPD. Hanania et al found no 
correlation between IL-6 and depression scores in 
a cohort of individuals with moderate to severe COPD.37 

Likewise, Janssen et al described no correlation between 
persistent systemic inflammation and symptoms of depres-
sion at baseline or 36 months.28

In summary, the pathogenesis of COPD and depression 
both include systemic inflammation; however, evidence of 
the association between systemic inflammation and 
depression in COPD remains variable and lacks reprodu-
cibility. Therefore, we sought to (1) analyze the relation-
ship between inflammatory biomarkers and depressive 
symptoms in a small cohort of obstructed individuals and 
(2) validate our findings with a second large prospective 
COPD cohort. We hypothesized that obstructed individuals 
with elevated systemic inflammatory biomarkers will have 
increased depressive symptoms. The abstract of this paper 
was presented at the American Thoracic Society 
Conference as a poster presentation with interim findings. 
The poster’s abstract was published in “Poster Abstracts” 
in ATS Journals: https://www.atsjournals.org/doi/abs/10. 
1164/ajrccm-conference.2019.199.1_MeetingAbstracts. 
A4526.

Methods
Study Population
The COPD Specialized Center for Clinically Oriented 
Research (SCCOR) study is a single center, prospective 
observational cohort study of current and former smokers 
at the University of Pittsburgh. The study enrolled 727 
participants between June 2008 and June 2010. Follow-up 
visits were completed at two, six, eight and ten years. 
Primary inclusion criteria required individuals to be at 
least 40 years old with a minimum of 10 pack-years 
tobacco smoking history at enrollment. Exclusion criteria 
consisted of evidence of another significant pulmonary 

diagnosis, history of lung cancer and obesity with a BMI 
greater than 34 kg/m2. Additional details of the SCCOR 
cohort’s selection criteria have been described 
previously.38

The COPD Genetic Epidemiology (COPDGene) 
study is a multicenter prospective observational cohort 
study of current and former smokers designed to exam-
ine genetic factors associated with COPD. Over 10,000 
participants were enrolled between January 2008 and 
June 2011 at 21 clinical centers. Primary inclusion cri-
teria were age of 45 to 80 years old at enrollment and at 
least a 10 pack-year smoking history. Exclusion criteria 
consisted of alternate pulmonary diagnosis (exception of 
asthma) and lung cancer. The complete inclusion and 
exclusion criteria are listed in a previous COPDGene 
study publication.39

We prospectively screened inflammatory biomarkers 
including CRP, TNF-α and IL-6 in the SCCOR cohort. 
A sample of 745 participants in the COPDGene cohort 
was then identified based on the presence of FEV1/FVC 
<0.7, IL-6 serum sample availability and Hospital Anxiety 
and Depression Scale Depression subscale (HADS-D) 
availability.

Both studies were conducted in accordance with the 
Declaration of Helsinki and good clinical practice guide-
lines. The SCCOR study was approved by the University 
of Pittsburgh ethics and review board. The COPDGene 
study was approved by the National Jewish Health, 
University of Colorado-Denver and each COPDGene 
site’s ethics and review boards. All participants gave writ-
ten informed consent for both the SCCOR and COPDGene 
cohort.

Clinical Data and Definitions
In both cohorts, COPD was defined as post bronchodilator 
spirometry FEV1/FVC less than 0.70 and categorized by 
the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) guidelines40. In addition to severity of depressive 
symptoms and biomarker measures, both the COPDGene 
and SCCOR cohorts collected pre- and post- 
bronchodilator spirometry, chest computed tomography 
(CT) scans, St. George Respiratory Questionnaires 
(SGRQ) for evaluation of COPD-related symptoms, 
6-minute walk distance (6MWD) in COPDGene, shuttle 
walk distance (SWD) in SCCOR and blood samples. Full 
details about SCCOR and COPDGene clinical data collec-
tion have been previously described.38,39
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Depressive Symptom Measurements
Participants in each cohort were categorized into two 
groups, one with elevated depressive symptoms and one 
without elevated depressive symptoms. Depressive symp-
toms were measured at the baseline visit in both cohorts. 
Participants in the SCCOR cohort answered the Beck 
Depression Inventory-II (BDI-II) which is a 21-item ques-
tionnaire with each item rated on a four-point scale ran-
ging from no symptoms (0) to maximum symptoms (3). 
Total scoring ranges from 0 to 63 points. The BDI-II has 
satisfactory validity, sensitivity and specificity.41,42 The 
presence of current depression was defined as a BDI-II 
score of greater than 9, which was chosen to include 
participants with pre-clinical, mild, moderate and severe 
symptoms of depression.43 This was a threshold defined 
a-priori as a clinical cutoff to notify clinicians within the 
study prior to any analyses and has precedent in the 
literature.43 The BDI-II is validated in chronic inflamma-
tory diseases,44 and has been shown to have consistent 
inter-prevalence with the HADS total score.45 Depression 
was assessed in COPDGene participants with the HADS- 
D questionnaire. HADS-D is a 7-item depression subset 
questionnaire to the HADS total which includes 7 of each 
anxiety and depression questions. Symptoms are rated on 
a 4-point severity scale with 0 being no symptoms and 4 
representing severe symptoms. The presence of depression 
was defined a HADS-D score of greater than 7. The 
HADS-D has satisfactory validity and specificity46 and 
has been validated in COPD patients.45,47 All participants 
reported medication use including antidepressants.

Biomarker Measurements
In the SCCOR cohort, baseline morning blood samples 
were collected in the fasting state and plasma samples 
were analyzed for thirty-three chemokines and growth 
factors, including those with a known link to COPD, 
such as TNF-α, CRP and IL-6. IL-6 and TNF-α were 
measured using ultra-sensitivity ELESA kits (Invitrogen, 
Carlsbad, CA) and CRP was analyzed using MSD 
V-PLEX Vascular Injury Panel 2 Human Kit (MSD, 
Rockville, MD). For COPDGene, 114 blood biomarkers 
with links to COPD were collected at baseline in a non- 
fasting state. The biomarkers were evaluated using a 13- 
panel multiplex assay (Myriad-RBM, Austin, TX). All 
assays and kits were used according to manufacturers’ 
instructions. All samples were above the detection level 
for each measured biomarker. Additional details on the 

description of methods of the multiplex assay have been 
previously described.48,49

Statistical Analysis
The primary exposure and outcome investigated were 
inflammatory biomarkers and depressive symptoms, 
respectively. Inflammatory markers that have been pre-
viously associated with COPD and depression were 
selected for initial analysis, including TNF-α, CRP and 
IL-6. Depressive symptoms were defined as a binary 
variable, based on questionnaire scores. Additional inde-
pendent variables were FEV1, FEV1/FVC, SGRQ, cur-
rent smoking and exercise capacity (measured by 6MWD 
and SWD). T-test with best normal transformation was 
used for continuous variables and Fisher’s Exact test was 
performed for categorical variables to compare partici-
pants with elevated depressive symptoms to those with-
out elevated depressive symptoms. Because IL-6, CRP 
and TNF-α were not normally distributed, they were 
transformed by natural log for statistical analyses.

A total of six stepwise multivariable logistic regression 
models (three in each cohort) were used to assess the asso-
ciation between covariates and independent variables and 
elevated depressive symptoms entered as the dependent 
variable. Because IL-6 is colinear with severity of obstruc-
tion, we adjusted for FEV1/FVC as a continuous variable to 
determine whether inflammation was independently asso-
ciated with depression. The first model was adjusted for 
demographic factors only including: age, gender and BMI. 
The second model was also adjusted for additional medical 
comorbidities that may be associated with depression includ-
ing: history of stroke, diabetes and cancer. Heart failure was 
not included in the second model due to multicollinearity. 
Diabetes was not included for SCCOR because of low 
prevalence and multicollinearity. The third model was 
further adjusted for smoking status and FEV1/FVC, con-
founders of general depression and depression related to 
COPD.50 P-value required for entry and retention in the 
model was <0.05. Participants with missing data were 
excluded from our analysis. All analyses were performed 
in STATA 16.2 (StataCorp, College Station, TX).

Results
Participant Baseline Characteristics
We examined 220 participants with FEV1/FVC <0.7 in the 
SCCOR cohort and 745 participants in the COPDGene 
cohort. Participants in both cohorts were of similar age and 
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BMI (Table 1). At baseline, 21% of the SCCOR cohort and 
13% of the COPDGene cohort surpassed the threshold for 
depressive symptoms based on the BDI-II (>9) and HADS- 
D (>7), respectively. Patients with depressive symptoms in 
SCCOR were divided evenly between male and female. In 
COPDGene, more males had depressive symptoms than 
females. Current smokers had higher incidence of depressive 
symptoms in both cohorts. The majority of the SCCOR 
participants were GOLD stage 1 and 2 while the majority 
of the COPDGene cohort was GOLD stage 2 and 3 
(Table 1). Incidence of stroke, heart failure, diabetes and 
cancer was higher in participants without depressive symp-
toms in both SCCOR and COPDGene (Table S1).

Determinants of Depression in 
Participants with COPD (Univariable 
Modeling)
Univariate analysis at baseline revealed significant rela-
tionships between depressive symptoms and patient char-
acteristics, COPD-related symptoms and biomarker 

measures. The depressed groups in each cohort shared 
decreased FEV1/FVC, symptom burden and current smok-
ing status. The depressed group in COPDGene notably 
demonstrated associations between younger age and 
decreased 6MWD. In SCCOR, a trend towards increased 
IL-6 was seen in participants with depressive symptoms 
that did not reach the level of statistical significance (p = 
0.08). In COPDGene, IL-6 was significantly elevated 
(p=0.001) in participants with depressive symptoms 
(Table 1). TNF-α and CRP were not associated with 
depressive symptoms in the SCCOR cohort (Table S2) 
and therefore were not analyzed in the COPDGene cohort.

Determinants of Depression in 
Participants with COPD (Multivariable 
Modeling)
To explore the determinants of depression in COPD, 
a parsimonious multivariable logistic regression model was 
performed. The final model included the following covariates: 
age, gender, BMI, cancer history, stroke history, diabetes, 

Table 1 Baseline Characteristics Stratified by Depressive Symptoms

SCCOR (N=220) COPDGene (N=745)

Depressive Symptoms

Minimal Elevated p-value Minimal Elevated p-value

N 173 47 648 97

Age, mean (SD) 67.2 (6.7) 65.5 (6.5) 0.12 69.6 (8.2) 66.7 (8.5) 0.002

Gender 0.51 0.19

Male 99 (57.2%) 24 (51.1%) 359 (55.4%) 61 (62.9%)
Female 74 (42.8%) 23 (48.9%) 289 (44.6%) 36 (37.1%)

BMI, mean (SD) 27.8 (4.2) 26.5 (3.5) 0.04 26.2 (4.0) 26.5 (4.1) 0.53
Active Smokers 66 (38.2%) 27 (57.4%) 0.02 187 (28.9%) 40 (41.2%) 0.02

BDI-II, median (IQR) 4.0 (1.0, 6.0) 14.0 (11.0, 16.0) <0.001

HADS-D, median (IQR) – – 2.0 (1.0, 4.0) 9.0 (8.0, 11.0) <0.001
FEV1/FVC, mean (SD) 58.1 (10.2) 53.8 (10.6) 0.01 53.0 (12.5) 48.3 (13.5) 0.002

FEV1pp, mean (SD) 71.2 (18.1) 66.0 (18.4) 0.09 61.8 (23.0) 52.4 (23.2) <0.001

SGRQ, mean (SD) 21.4 (15.4) 38.1 (15.8) <0.001 26.7 (18.5) 49.3 (20.9) <0.001
SWD in feet, mean (SD) 394.8 (139.5) 372.7 (126.6) 0.31

6MWD in feet, mean (SD) 1254.2 (408.0) 1045.6 (396.5) <0.001

IL-6, median (IQR) 1.3 (0.9, 2.1) 2.0 (1.0, 2.6) 0.08 1.9 (1.2, 2.8) 2.4 (1.5, 3.9) 0.001

Gold Stage 0.01 0.002

I 59 (34.1%) 8 (17.0%) 158 (24.4%) 11 (11.3%)
II 88 (50.9%) 33 (70.2%) 266 (41.0%) 39 (40.2%)

III 25 (14.5%) 4 (8.5%) 162 (25.0%) 28 (28.9%)
IV 1 (0.6%) 2 (4.3%) 62 (9.6%) 19 (19.6%)

Abbreviations: BMI, Body Mass Index; BDI-II, Beck Depression Inventory-II; HADS-D, Hospital Anxiety and Depression Score, Depression Subset; SGRQ, St. George’s 
Respiratory Questionnaire; SWD, Shuttle Walk Distance; 6MWD, Six Minute Walk Distance.
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smoking status and FEV1/FVC. Increased IL-6 and FEV1 

/FVC independently correlated with depressive symptoms in 
obstructed individuals in both SCCOR and COPDGene 
(Table 2). In SCCOR, active smoking independently corre-
lated with depressive symptoms. In COPDGene, younger age 
also independently correlated with depressive symptoms.

Discussion
The findings from these two large prospective cohorts confirm 
that systemic inflammation, represented by IL-6, is associated 
with depressive symptoms in obstructive lung disease. We 
found that IL-6 was significantly associated with depressive 
symptoms in both the SCCOR and COPDGene cohorts even 
after adjustment for key demographic factors and medical 
comorbidities known to be associated with depression. The 
model was adjusted for demographics, traditional measures of 
COPD severity via spirometry and medical comorbidities 
associated with depression. Interestingly, the correlation per-
sisted despite differences in severity of obstruction amongst the 
two cohorts.

Prior studies assessing the relationship between inflamma-
tion and depression in COPD have yielded variable results. Lu 
et al found that IL-6, CRP and depressive symptoms were 
independently associated with decreased FEV1% predicted 
and FEV1/FVC in a large Singaporean population.24 

Although most participants did not meet the threshold for 
airflow obstruction, this study supports the relationship 
between inflammatory markers, particularly IL-6, and depres-
sive symptoms.

Al-shair et al investigated the relationship of inflammatory 
markers and depressive symptoms in a small British cohort 
with moderate COPD.21 They did not find an association 
between IL-6 and depression in COPD but did conclude that 
TNF-α is linked with depression. The small size of the popula-
tion and patient characteristics may have influenced the results. 
In contrast, our study included a range of severities of COPD 
and was adjusted for determinants of both general depression 
and risk factors for COPD-related depression. Hanania et al 

found no association between inflammatory markers (CRP, 
CCL-18, IL-6, IL-8, TNF-α and fibrinogen) and depressive 
symptoms amongst severely obstructed participants in a large 
international cohort.37 Janssen et al described no correlation 
between persistent systemic inflammation and symptoms of 
depression in a small subsection of a severely obstructed 
international cohort. These cohorts may not be representative 
of a singular demographic as patients were recruited world-
wide. Our study included well-characterized American cohorts 
with all degrees of obstruction which is more representative of 
the heterogeneity of COPD in the United States.

While inflammation in our study cohorts was significantly 
associated with depressive symptoms, it is unclear why pre-
vious literature has not consistently produced similar results. 
One proposed mechanism suggests that depressive symptoms 
in subjects with COPD may be differentially modulated by 
factors such as systemic inflammation and respiratory symp-
toms at different levels of airflow obstruction. At mild to 
moderate airflow obstruction, systemic inflammation may be 
the dominant contributor to depressive symptoms when there 
is a lower overall degree of respiratory limitation. In the 
populations with more severe airflow obstruction, persistent 
respiratory symptoms and activity limitation may drive 
depression independent of systemic inflammation. 
Alternatively, there may be a distinct endotype of individuals 
who are predisposed to producing higher levels of inflamma-
tory biomarkers which subsequently mediate depression.

The link between inflammation, COPD and depression 
can be explained on a molecular level. IL-6 is increased as 
a result of systemic inflammation from COPD. The release 
of IL-6 induces systemic inflammatory pathways including 
the kynurenine pathway.20,32,33,51 This pathway determines 
homeostasis of serotonin by degrading its precursor, 
tryptophan.33 Serotonin is a key neurotransmitter mediating 
depression and systemic inflammation can result in patho-
logically low levels of serotonin.34 IL-6 elevation therefore 
has a plausible pathobiological link to depression.

Table 2 The Association Between Depressive Symptoms and IL-6 Levels

SCCOR COPDGene

OR (95% CI) p-value OR (95% CI) p-value

Unadjusted* 1.79 (1.12–2.86) 0.014 1.60 (1.23–2.08) <0.001

Non-pulmonary confounders┼ 1.79 (1.12–2.86) 0.014 1.61 (1.23 −2.11) 0.001
Pulmonary and non-pulmonary confounders¥ 1.70 (1.07–2.68) 0.024 1.52 (1.13 −2.04) 0.006

Notes: *Adjusted for gender, age, BMI. ┼Adjusted for gender, age, BMI, stroke, diabetes, cancer history; diabetes not included for SCCOR. ¥Adjusted for gender, age, BMI, 
stroke, diabetes, cancer history, smoking status, FEV1/FVC; diabetes not included for SCCOR.
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Our study has several potential limitations that deserve 
comment. First, we assessed depressive symptoms using ques-
tionnaire measures instead of clinical diagnostic interviews, 
the gold standard for DSM-IV diagnosis. The two question-
naires used (BDI-II and HADS) have only 80–90% sensitivity 
and 60–70% specificity when compared to clinical diagnostic 
interviews.41,42,46 Secondly, this study was a post-hoc analysis 
based on convenience sampling which introduces selection 
bias. Third, the prevalence of comorbidities in our study was 
low, preventing us from evaluating the impact of comorbid-
ities on IL-6 and depression. In fact, the relationship was the 
inverse of what we expected likely due to the small number of 
participants with comorbidities. Lastly, we are limited in only 
making associations using these cohort studies and would 
need to examine prospective data to determine changes over 
time. Ultimately, a randomized controlled trial would be 
necessary to examine a causal relationship between inflamma-
tion and depressive symptoms in COPD.

The implications of our study are two-fold. Firstly, depres-
sion is a multi-faceted comorbidity of COPD which is affected 
by many different physiological, psychological and social 
factors. The relationship between depressive symptoms in 
COPD and inflammation measured by IL-6 implies that 
inflammation may be a common mediator between depression 
and COPD and possibly even act synergistically. The correla-
tion established through our study can be used as foundational 
evidence upon which to develop larger prospective trials and 
possibly interventional studies targeting IL-6 to treat 
depression.

Conclusion
We found that depressive symptoms in COPD are related to 
elevated baseline levels of IL-6 independent of obstruction in 
two large well-defined cohorts. These findings suggest that 
inflammation may be a mediator of depression in COPD. 
Further studies should be performed to better understand the 
etiology and causal relationship of depression in COPD.
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