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Introduction: BODE index, a multidimensional grading system which is based on Body mass
index, airway Obstruction, Dyspnea scale, and Exercise capacity, has been increasingly used for
the evaluation of chronic obstructive pulmonary disease (COPD). Many of the systemic mani-
festations of COPD are shown to be mediated by elevated levels of proinflammatory biomarkers.
Objective: We aimed to investigate the relationship between the BODE index, its components,
disease severity, and proinflammatory biomarkers like C-reactive protein (CRP), tumor necrosis
factor (TNF)-a,, and interleukin (IL)-6.

Materials and methods: A cross-sectional study which included 290 clinically stable COPD
patients and 80 smoker controls was conducted. Medical history, body mass index, pulmonary
function tests, 6-minute walking test, and modified scale of Medical Research Council dyspnea
scale were evaluated. BODE scores were determined. Systemic inflammation was evaluated with
the measurement of CRP, TNF-o., and IL-6 in the serum samples of all studied subjects. The
correlation between inflammatory biomarkers and BODE index was assessed in COPD patients.
Results: We found a significant relationship between COPD stages and BODE index. Our
analysis showed significant association between systemic biomarkers and components of the
BODE index. Both TNF-o and CRP levels exhibited weak but significant correlation with BODE
index. Serum IL-6 concentrations exhibited significant correlation with 6-minute walking test,
modified scale of Medical Research Council, and BODE index (#=0.201, P=0.004; »=0.068,
P=0.001; and =0.530, P=0.001, respectively). Also, an inverse and significant correlation was
observed between BODE index and FEV1 (=0.567, P=0.001). IL-6 exhibited a highly significant
and inverse correlation with FEV1 (7=-0.580, P=0.001).

Conclusion: BODE index should be considered for evaluating patients with COPD. Also, IL-6
seems to be a potential biomarker that may enable determination of the severity and prediction
of the course of the disease.

Keywords: BODE index, chronic obstructive pulmonary disease, systemic inflammation,

biomarkers

Introduction
Chronic obstructive pulmonary disease (COPD) is a disorder characterized by pro-
gressive development of airflow limitation and an enhanced chronic inflammatory
response in the airways,! and is predicted to become the third most frequent cause of
death in the world by 2030.?

The major manifestation of airflow obstruction in COPD is the reduction in
forced expiratory volume in 1 second (FEV1).> However, according to the European
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Respiratory Society and the American Thoracic Society
(ATS), the measurement of FEV1 alone does not represent
the complex clinical consequences of COPD and additional
parameters should be assessed and evaluated.* Recent devel-
opments in the past decades have led to better understanding
of the systemic nature of COPD, which has given rise to the
multidimensional classification system that systematically
predicts the degree of mortality in individuals with COPD.
The BODE index, which is based on Body mass index (BMI),
airway Obstruction, Dyspnea scale, and Exercise capacity,
includes both symptoms and physiological measurements,
and now it is being considered as better indicator than FEV1
for predicting mortality and severity of COPD.’ According
to the Global initiative for chronic Obstructive Lung Dis-
ease (GOLD), the BODE index gives more comprehensive
information in predicting mortality from any cause as well
as respiratory causes than FEV1-based staging system.>

It is now recognized that COPD is characterized by low-
grade chronic systemic inflammation, and therefore, it is an
important component of COPD.” The role of inflammatory
cytokines has also been widely investigated in the natural
history of COPD. The inflammation in the respiratory tract
of COPD patients seems to be an amplification of the normal
inflammatory response of the respiratory tract to chronic irri-
tants. Inflammatory cells like macrophages, neutrophils, and
lymphocytes release inflammatory mediators which interact
with structural cells in the airways and the lung parenchyma.
Various inflammatory mediators, such as cytokines, che-
mokines, growth factors, and reactive oxygen species, are
found to be increased in COPD patients.® C-reactive protein
(CRP) levels have been shown to be elevated in the serum of
even stable COPD patients and found to be associated with
disease severity, quality of life, exercise capacity, response
to treatment, and mortality.’

Raised levels of proinflammatory cytokines such as inter-
leukin (IL)-6 have been reported in the circulation of stable
COPD patients”'*and shown to be associated with impaired
functional capacity,'' reduced daily physical activity,'> and
decreased health status.>'® Tumor necrosis factor-o. (TNF-ot)
has been reported to play an important role in muscle wasting
and weight loss occurring in COPD patients.'* Several stud-
ies have shown elevated levels of TNF-o. and its receptors in
the circulation of COPD patients.'*!* It is not clear whether
these cytokines are simply markers of the inflammatory
process in COPD or differences in inflammation are related
to different phenotypes of the disease.' The inflammatory
processes that underlie COPD are probably mediated by a
multitude of cytokines of proinflammatory cascade. Systemic

inflammatory biomarkers may offer new strategies for the
diagnosis and may be valuable in assessing the prognosis of
patients with COPD.

There are only a few studies that have investigated the
relationship between the clinical characteristics of this disease
severity (measured by the BODE index) and the systemic
inflammation mediated by proinflammatory cytokines,
despite there being increasing scientific evidences. However,
no study has reported the significance of the differences in
the levels of multiple proinflammatory cytokines among
different scores and quartiles of the BODE index in patients
with COPD in the Indian population.

In the present study, we hypothesize that the BODE
index would be a better predictor of systemic inflammation
and health status in COPD patients than FEV1 alone, and
would present significant associations with biomarkers of
systemic inflammation. We also planned to investigate the
correlation between the components of BODE index and the
BODE index itself with systemic inflammatory biomarkers
in patients with stable COPD.

Materials and methods

Ethics statement

The study was approved by the Institutional Ethics Com-
mittee review board of Maulana Azad Medical College and
Associated Lok Nayak Hospital, New Delhi, India. All the
subjects received written information and provided written
informed consent prior to participation in the study.

Patient selection

Two hundred and ninety stable COPD patients diagnosed
according to the GOLD guidelines in the pulmonary outpa-
tient clinic of Maulana Azad Medical College and associated
Lok Nayak Hospital were included in the study between
November 2011 and December 2013. Eighty smokers (65
males and 15 females) from the general population were
recruited as the control group. The inclusion criterion was:
COPD patients in stable conditions (no exacerbations due
to any reason in the last 4 weeks). Stable COPD patients
had been receiving inhaled bronchodilator therapy in the
form of long-acting P2-agonists and/or anticholinergic
agents. Severe/very severe COPD patients were on inhaled
corticosteroids as well. COPD was defined as FEV 1/forced
vital capacity (FVC) ratio of less than 70% at 20 minutes
after salbutamol administration. The exclusion criteria were:
presence of a respiratory disorder other than COPD or other
inflammatory diseases (inflammatory bowel disease, vascu-
litis), presence of atopy, and history of myocardial infarction
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in the last 6 months, decompensated cardiovascular disease,
and walking disability.

Smoker controls

Male/female subjects aged 35—75 years without any signifi-
cant disease as determined by history and physical exami-
nation and current and ex-smokers with a smoking history
of 210 pack-years with normal pulmonary function were
enrolled as controls.

Demographic features and medical history of the subjects
were recorded. Weight, height, and dyspnea severity were
measured, and the 6-minute walking test (6MWT) and the
pulmonary function tests (PFTs) were performed. Measure-
ment of serum levels of inflammatory biomarkers (CRP,
TNF-a, IL-6) was also performed.

PFTs (spirometry)

PFTs were done for stable COPD patients in the outpatient
clinic. FEV1 and FVC were measured with a calibrated spi-
rometer (Spirolab III, MIR, Via Del Maggiolino, Roma, Italy;
a portable pulmonary function apparatus). Patients with FEV1
2>80% of the predicted value were considered mild, those with
50% < FEV1 < 80% of the predicted value were considered
moderate, those with 30% < FEV1 < 50% of the predicted
value were considered severe, and patients with FEV1 <30%
of the predicted value were considered very severe. The best
value from three consecutive tests was accepted. FEV1, FVC,
and FEV1/FVC were measured according to ATS criteria.
COPD staging was done according to GOLD 2011.°

Anthropometric, body composition,

exercise capacity, and dyspnea assessments
During the clinical visit, the information about demograph-
ics and a detailed medical history were obtained from the
patients. Height was measured in centimeters and weight
in kilograms by a calibrated scale with the subjects not
wearing their shoes. The BMI was calculated as weight (in
kilograms)/height? (in meters). Functional exercise capacity
was measured with the 6MWT in accordance with the ATS
recommendations.'” The 6MWT was performed in a level,
covered hospital corridor of approximately 50 m in length.
Three tests were performed and the test with the maximum
6-minute walking distance (6MWD) was considered for
analysis. Each patient received standard instructions and
encouragement during the test. The magnitude of dyspnea
was assessed using the modified scale of Medical Research
Council (mMRC)." Patients were asked about their perceived
breathlessness and were then classified into the mMRC five
dyspnea grades (0 minimum to 4 maximum).

BODE index

The BODE index was calculated for each participant based
on the combination of four variables, with the following
scores: a measure of body composition (BMI) from 0 to 1
point; a measure of the intensity of airflow obstruction
(FEV1% predicted postbronchodilator): from 0 to 3 points;
a measure of subjective sensation of dyspnea (MRC scale):
from 0 to 3 points; and a measure of exercise capacity (walked
distance in the 6MWT): from 0 to 3 points. The final score of
the BODE index ranges from 0 to 10 points; higher the index
value, the worse is the patient’s condition. The participants
were divided into four quartiles for the analysis according
to their BODE index score, as previously described by Celli
et al.’ Quartile I is a score of 0-2 points, quartile I 3—4
points, quartile III 5-6 points, and quartile IV is a score of
7-10 points.

Measurement of inflammatory

biomarkers (CRP, TNF-q, IL-6)

Five milliliters of venous blood sample was collected and cen-
trifuged at 1,000 xg for 15 minutes. The serum samples were
separated, aliquoted, and preserved at —80°C until further
analysis. Serum CRP levels were measured with the original
reactive analyzers (Unicel DxC 800 Synchron Clinical Sys-
tems; Beckman Coulter Inc., Galway, Ireland). Serum TNF-c,
IL-6 (Thermo Fisher Scientific, Waltham, MA, USA), and
CRP (Thermo Fisher Scientific) were measured according
to the manufacturer’s instructions with the enzyme-linked
immunosorbent assay method. The intra-assay coefficient
of variation (%CV) values for TNF-o kit were 4.2% for
87.5 pg/mL and 4.5% for 369 pg/mL, while the interassay
coefficients of variation were 5.2% for 92.8 pg/mL and 5.0%
for 384 pg/mL. The lowest limit of detection for TNF-q kit
was <2 pg/mL. The intra-assay precision value for IL-6 kit
was <9.4%, while the interassay precision was <8.6%. The
lowest measurement level for IL-8 kit was <1.0 pg/mL. The
intra-assay coefficient of variation (%CV) values for CRP kit
were 6.02% for 51.01 pg/mL and 9.82% for 205.01 pg/mL,
while the interassay coefficients of variation were 9.98% for
56.98 pg/mL and 9.82% for 229.33 pg/mL.

Statistical analysis

Data were analyzed by the Statistical Package for the
Social Sciences 20.0 package program (IBM Corporation,
Armonk, NY, USA). The normality of data distribution
was analyzed by the Kolmogorov—Smirnov test. The results
are presented as mean t standard deviation (SD), median
(range), or proportions (percentage), depending upon
their distribution and the measurement scale. Baseline
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differences between different studied groups were deter-
mined with unpaired student’s #-test and one way ANOVA.
In general, the Kruskal-Wallis test with Dunn’s post-test
was used to compare the variables of the participants in dif-
ferent quartiles of the BODE index, the Mann—Whitney test
to evaluate the differences in the biomarkers’ levels between
the groups “quartiles I-1I"” and “quartiles I1I-IV”, and the
Spearman correlation coefficient was used to correlate the
BODE index and the studied biomarker variables. Statisti-
cal significance was set at P-values <0.05 (two-sided) for
all analyses.

Results
Demographics and clinical characteristics
of the study subjects

Table 1 presents the main demographic and clinical char-
acteristics of all participants at recruitment. On average,
COPD patients had moderate to severe airflow limitation
and as expected, they complained of more symptoms than
controls. A total of 290 COPD patients (254 males and 36
females) with a mean age 58.3+16.1 years were recruited in
the study. Also, 80 smokers (65 males and 15 females) were
recruited in the study from the general population (mean age
47.2 £11.0 years). There was a higher proportion of males
in patients and controls compared with the healthy smokers.

COPD patients had more pack-years of smoking (38.6+17.4
vs 17.419.5 years) and clear functional exercise intolerance
(6MWD = 329£122 vs 510+133 m). As expected, COPD
patients had significant moderate to severe airflow obstruc-
tion (FEV1 = 54.3£12.8), compared to healthy smokers
(FEV1=102.8%£16.3) who had normal spirometry (P<0.001).
COPD patients and smoker controls did not differ in BMI
(P=0.42). BODE index score and mMRC score were found
to be significantly higher in COPD patients compared to
smoker controls (P<0.001) (Table 1). On crude comparison,
we found that COPD patients had higher concentrations of
serum inflammatory biomarkers (TNF-o., IL-6, and CRP)
than the controls and they differed significantly (P<0.001).

Relationship between serum biomarkers
and severity parameters stratified by

GOLD

Table 2 shows the characteristics of the COPD patients
stratified according to different stages of GOLD. The patients
represented three stages of COPD severity. One hundred and
forty-seven COPD patients were in GOLD II stage, 104 in
GOLD III stage, and 39 were in GOLD 1V stage. Age, BMI,
pack-years, and pulmonary function parameters differed sig-
nificantly with increasing GOLD stage. As expected, exercise
capacity measured by 6MWT decreased significantly with

Table | Baseline characteristics of the COPD patients and smoker controls

Characteristics COPD subjects (n=290) Smoker controls (n=80) P-value
Age (years) 58.3t16.1 47.2%11.0 <0.001
Male/female 254/36 65/15 -
Smoking (years) 387 16.4 <0.001
Pack-years 38.6+17.4 17.419.5 <0.001
BMI (kg/m?) 22.4+6.2 22.8+4.6 0.42
FEVI (% predicted) 54.3+12.8 102.8+£16.3 <0.001
FEVI/FVC (%) 45.8t11.6 79.2454 <0.001
FEVI reversibility (%) 10.7£13.7 4.5+5.8 <0.001
FVC (%) 86.4£18.6 110.4£13.5 <0.001
6-minute walking distance (m) 329+122 510+133 <0.001
BODE index score 5.2043.9 0 (0-1) <0.001
Quartile | (0-2) 193 (66.5%) 80 (100%) -
Quartile 2 (3-4) 41 (14.1%) 0 <0.001
Quartile 3 (5-6) 36 (12.4%) 0 -
Quartile 4 (7-10) 20 (6.8%) 0 -
mMRC score 1.8+1.3 0.8+0.2 <0.001
Inflammatory variables
TNF-o. (pg/mL) 4.09+1.38 3.76+1.39 <0.001
IL-6 (pg/mL) 1.56+0.98 1.16+0.73 <0.001
CRP (pg/mL) 4.52+2.26 2.88+1.12 <0.001

Note: Values are expressed as mean (standard deviation) or as percentage. P-value’s were calculated via unpaired Student’s t-test.

Abbreviations: BMI, body mass index; BODE, BMI (B), airflow obstruction (O) as measured by the postbronchodilator FEVI (percentage of predicted value), dyspnea
(D) assessed by the mMRC score, and exercise tolerance (E) measured by 6-minute walking distance; COPD, chronic obstructive pulmonary disease; CRP, C-reactive
protein; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; IL-6, interleukin 6; mMMRC, modified Medical Research Council scale; TNF-0, tumor necrosis

factor alpha.
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Table 2 Baseline characteristics of COPD according to different stages of GOLD

Parameter GOLD Il (n=147) GOLD Ill (n=104) GOLD IV (n=39) P-value
Age 53.08+9.12 56.22+10.45 58.28+10.05 0.005
BMI 20.74+2.27 21.37£2.70 21.69+2.30 0.0002
Pack-years 24.80+8.45 25.31%8.75 30.10x10.68 <0.001
FEVI (%) 62.15+6.90 41.03+6.23 27.25%2.57 <0.001
FvC 71.91+9.84 56.061+8.29 42.19+6.83 <0.001
FEVI/FVC% 60.68+4.7 49.63%7.05 38.50+5.43 <0.001
6MWT 235.35£59.59 221.94+63.59 190.47+47.83 <0.001
mMRC score 1.7+1.2 2.1£1.1 2.5+14 <0.001
TNF-o (pg/mL) 4.14+1.33 4.25+1.31 4.45+1.57 0.005
CRP (pg/mL) 4.29+1.21 4.80x1.25 4.62+1.32 0.04
IL-6 (pg/mL) 1.04+0.50 1.92+1.00 2.36x1.14 0.002
BODE index 2.09+1.59 5.96+1.34 7.24%1.62 <0.001

Note: Values are expressed as mean (standard deviation) or as percentage. P-value’s were calculated via ANOVA.

Abbreviations: 6MWT, 6-minute walking test; BMI, body mass index; BODE, BMI (B), airflow obstruction (O) as measured by the postbronchodilator FEVI (percentage
of predicted value), dyspnea (D) assessed by the mMRC score, and exercise tolerance (E) measured by 6-minute walking distance; COPD, chronic obstructive pulmonary
disease; CRP, C-reactive protein; FEV|, forced expiratory volume in | second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease;
IL-6, interleukin 6; MMRC, modified Medical Research Council scale; TNF-oi, tumor necrosis factor alpha.

increasing disease severity. All the studied biomarker values
changed significantly and increased with worsened disease
severity (Figure 1). Interestingly, among the three biomark-
ers studied, IL-6 was found to be the most consistent for the
severity as assessed by GOLD (P=0.002). BODE index scores
also increased significantly with increasing disease severity
(P<0.001) (Table 2).

Relationship between proinflammatory

biomarkers and the clinical parameters of
COPD

In COPD subjects, serum concentrations of inflammatory
biomarkers were assessed according to different quartiles
of BODE index scores. In general, all the studied biomarker
values changed significantly with increasing disease severity
(quartiles I-IV) and the differences were found to be concor-
dant with the severity assessed by BODE index scores. The
mMRC score and airflow limitation increased significantly

in proportion to different quartiles of BODE index (I-1V)
and 6MWD decreased significantly from quartile I to IV
of BODE index (Figure 2). Age, BMI, and pack-years also
differed significantly with worsened disease severity as
assessed by BODE index scores. Of the three biomarkers
studied, IL-6 was found to be the most consistent biomarker
that differed significantly with increased disease severity as
stratified by low quartile to high quartile of BODE index
(P<0.001) (Table 3).

Associations of the biomarker panel with
FEVI, BMI,mMRC, 6MWD, and BODE

index

In COPD patients, the relationships between inflammatory
biomarker concentrations, BMI, 6MWT, mMRC, and BODE
index were evaluated (Figure 3). The relationship of indi-
vidual biomarkers with BMI, mMRC, 6MWD, and BODE
index is shown in Table 4. A weak and negative correlation
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was noted between TNF-o. and 6MWT (=—0.126, P=0.073).
TNF-a correlated significantly with dyspnea intensity, as
assessed by mMRC (7=0.214, P=0.002) and the BODE index
(=0.251, P=<0.001). CRP levels failed to show any signifi-
cant correlation with BMI, 6MWT, and mMRC. However,
serum IL-6 concentrations exhibited significant correlations
with 6MWT, mMRC, and BODE index (+=0.201, P=0.004;
r=0.068, P=0.001; and r=0.530, P=0.001, respectively). In
this study, we found an inverse and significant correlation
between BODE index and FEV1 (=0.567, P=0.001). None
of the biomarkers studied showed significant correlation
with BMI. The serum concentrations of the inflammatory

10
8
x
(]
©
£
w 6
=)
]
s}
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Moderate  Severe COPD (lll) Very severe
COPD (Il) GOLD status COPD (IV)

Figure 2 Relationship between BODE index score and GOLD stage in COPD
patients.

Abbreviations: BODE, body mass index (B), airflow obstruction (O) as measured
by the postbronchodilator forced expiratory volume in | second (percentage of
predicted value), dyspnea (D) assessed by the modified Medical Research Council
scale score, and exercise tolerance (E) measured by 6-minute walking distance;
COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic
Obstructive Lung Disease.

biomarkers under study showed a weak relationship with the
functional characteristics of the COPD patients. FEV1 was
found to be weakly and inversely related to TNF-o (r=—0.183,
P=0.009) and CRP (r=—0.210, P=0.003). However, IL-6
exhibited a highly significant and inverse correlation with
FEV1 (r=-0.580, P=0.001) (Table 5; Figure 4). All the mark-
ers studied were associated with the physiological indicators
of disease, but the strength of the association differed among
the biomarkers studied in terms of correlation. Therefore, in
our study, IL-6 was found to be the biomarker which showed
significant correlation with the maximum functional charac-
teristics in COPD patients.

Discussion

This study aimed to investigate the correlation between the
components of BODE index and the systemic inflammatory
biomarkers in patients with stable COPD. We propose that
multidimensional assessment of COPD by means of serum
biomarkers might be more accurate in predicting the risk and
course of disease progression than the assessment made by
predictors based on a single biomarker or clinical variables
alone. In the current study, the biomarkers panel appears to
furnish additional information to various clinical variables
and to the BODE index. To our knowledge, our study is
the first study from India primarily designed to investigate
whether adding a panel of proinflammatory biomarkers
could add the significance of BODE index in predicting the
severity of the disease.

This cross-sectional study provides three relevant obser-
vations. Firstly, it suggests that there exists a proinflamma-
tory state characterized by an increased circulation of many
inflammatory cytokines in stable COPD patients. Secondly,

Table 3 Comparison of clinical variables and inflammatory biomarkers according to different quartiles of BODE index in COPD patients

Parameters Quartile | Quartile 11 Quartile 1lI-1V P-value
Age (years) 52.0617.14 57.3248.12 64.16+11.23 0.004
Pack-years 23.12+7.47 27.32+6.45 31.45+8.91 0.001
BMI (kg/m?) 24.3+3.5 22.4+4.5 2043.2 0.001
FEVI (% predicted) 60.8+13.4 47.4%13.1 38.817.76 <0.001
FEVI/FVC (%) 52.7+11.0 44.9£10.6 36.619.6 <0.001
FEVI reversibility (%) 10.2£10.5 8.2+124 84+l11.4 0.008
mMRC score 1.1£0.6 1.8£0.7 2.240.6 <0.001
6MWD (m) 412+85.0 316165.0 194+54.0 <0.001
CRP (pg/mL) 3.4612.12 3.94+2.75 4.78+2.87 0.0002
IL-6 (pg/mL) 1.21+0.83 1.97£1.04 2.88+1.82 <0.001
TNF-o (pg/mL) 3.94+2.02 4.21%1.87 4.72+2.07 0.005

Notes: Values are mean (SD) depending on the distribution. Comparison between groups was done by ANOVA.

Abbreviations: 6MWD, 6-minute walking distance; ANOVA, analysis of variance; BMI, body mass index; BODE, BMI (B), airflow obstruction (O) as measured by the
postbronchodilator FEVI (percentage of predicted value), dyspnea (D) assessed by the mMRC score, and exercise tolerance (E) measured by 6MWD; COPD, chronic
obstructive pulmonary disease; CRP, C-reactive protein; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; IL-6, interleukin 6; mMMRC, modified Medical

Research Council scale; SD, standard deviation; TNF-a, tumor necrosis factor alpha.
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Figure 3 Relationship of serum concentrations of the inflammatory biomarkers studied with the BODE index and 6-minute walk test in COPD patients.

Note: R = Pearson’s linear bivariate correlation coefficient.

Abbreviations: 6MWT, 6-minute walking test; BODE, body mass index (B), airflow obstruction (O) as measured by the postbronchodilator forced expiratory volume in |
second (percentage of predicted value), dyspnea (D) assessed by the modified Medical Research Council scale score, and exercise tolerance (E) measured by 6-minute walking
distance; CRP, C-reactive protein; IL, interleukin; TNF-o, tumor necrosis factor alpha.

Table 4 Correlations between BMI, 6(MWT, mMRC, BODE index, and inflammatory biomarkers in COPD patients

Biomarkers BMI mMRC 6MWT BODE index

TNF-o (pg/mL) r=—0.030 r=0.2 | 4** r=—0.126 r=0.251
P=0.669 P=0.002 P=0.073 P=<0.001*

CRP (pg/mL) r=0.095 r=0.252%* r=—0.069 r=0.169
P=0.179 P=0.007 P=0.331 P=0.016*

IL-6 (pg/mL) r=0.104 r=0.068** r=0.20I* r=0.530*
P=0.139 P=0.001 P=0.004 P=0.001

BMI (kg/m?) | r=0.164* r=—0.013 r=—0.151%*

P=0.002 P=0.081 P=0.032

Notes: *Correlation is significant at the 0.0l level (two-tailed). **Correlation is significant at the 0.05 level.

Abbreviations: 6MWT, 6-minute walking test; BMI, body mass index; BODE, BMI (B), airflow obstruction (O) as measured by the postbronchodilator forced expiratory
volume in | second (percentage of predicted value), dyspnea (D) assessed by the mMRC score, and exercise tolerance (E) measured by 6-minute walking distance; COPD,
chronic obstructive pulmonary disease; CRP, C-reactive protein; IL-6, interleukin 6; mMRC, modified Medical Research Council scale; TNF-c, tumor necrosis factor alpha.

Journal of Inflammation Research 2016:9 submit your manuscript 193

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Khan et al

Dove

Table 5 Correlation between pulmonary function parameters
and inflammatory biomarkers in COPD patients

Biomarkers FEVI FEVI/FVC FVC
TNF-o. (pg/mL) r=—0.183* r=—0.123 r=—0.209%*
P=0.009 P=0.081 P=0.003
CRP (pg/mL) r=—0.210% r=—0.186* r=—0.139*
P=0.003 P=0.008 P=0.048
IL-6 (pg/mL) r=—0.580* r=—0.460%* r=—0.523%*
P=0.001 P=0.001 P=0.001

Notes: *Correlation is significant at the 0.0l level. **Correlation is significant at
the 0.05 level.

Abbreviations: COPD, chronic obstructive pulmonary disease; CRP, C-reactive
protein; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; IL-6,
interleukin 6; TNF-0, tumor necrosis factor alpha.

it shows characterization of the proinflammatory biomark-
ers in patients with COPD and distinguishes it from that of
smokers with normal lung function. Thirdly, it shows that
systemic inflammation mediated by IL-6 is a constant feature
in all COPD patients that remains persistent and concordant
with disease severity as assessed by the GOLD status and
BODE index.

The most common clinical component associated with
risk prediction in COPD is the severity of airflow obstruc-
tion as assessed by FEV1% predicted.”” However, COPD,
being a heterogeneous disease, has several extrapulmonary
manifestations that are not related to the lung function itself.
Hence, it was thought to combine different variables into
a multidimensional index that captures the complexity of
COPD, such as BODE index, along with systemic biomarkers
in order to predict more accurately the risk of disease severity
and progression than that predicted by the predictors based
on clinical variables alone or any single biomarker.

Several previous studies have demonstrated a weak
correlation between PFTs, especially FEV1 and the clini-
cal outcomes including the severity of dyspnea and other
symptoms, mortality, quality of life, and the frequency of
exacerbations, and BODE index. Ong et al*® found that the
BODE index showed a significant but weak relationship
between the number of emergency visits and FEV1.2! Another
study demonstrated the BODE index to be more significant
for determining the severity of COPD exacerbations, in com-
parison to FEV1.2? Similarly, in our study, we found that the
BODE index significantly correlated to the FEV1. The above
observations?'?>2 highlight the significance of BODE index,
as FEV1 does not capture the complexity of the disease alone.

Some of our findings are consistent with those reported
in previous cross-sectional studies. Celli et al® have shown
that BMI and BODE index are inversely related. Similar
results were observed in our study, which showed a signifi-
cant decrease in BMI as the BODE index score increased.

BMI plays an important role in defining the phenotypes of
COPD patients; low BMI has been shown to be associated
with the disease severity and is an independent predictor of
mortality in COPD.?*?* In the current study, BMI did not
correlate with the inflammatory biomarkers studied, sug-
gesting that the loss of body mass may not be mediated by
systemic inflammation.

Our study demonstrated higher serum TNF-o,, CRP, and
IL-6 levels in COPD patients than in smoker controls. Several
previous studies have also shown higher concentrations of
these proinflammatory biomarkers in COPD patients than
in healthy smokers and nonsmoker controls.”'%!2 Bon et al
reported a statistically significant association between the
degree of emphysema shown by chest computed tomography
and the serum levels of TNF-o and IL-6 in COPD subjects.?
TNF-o is also known to stimulate synthesis of IL-6 which
plays an important role in COPD pathobiology. Hence,
our findings are consistent with the findings of previous
researchers. Elevated levels of CRP have been associated
with impaired exercise capacity, airway obstruction severity,
and impaired quality of life in COPD patients.!*!? Elevated
serum IL-6 levels have been found in COPD patients com-
pared to healthy smokers,'>*2¢ which is in agreement with
our current findings. A previous study had shown the rela-
tionship between elevated TNF-a levels and weight loss in
COPD.” In our study, we did not find a correlation between
TNF-a levels and BMI; however, we observed a significant
correlation with BODE index. Our findings are not in line
with the findings of Sarioglu et al, who observed no corre-
lation between TNF-o, CRP levels, and BMI. Also they did
not report correlation between these biomarkers and BODE
index, which is in contrast to our findings. Their failure to
establish a significant correlation between BODE index and
systemic biomarkers may be attributed to small sample size
in their study in comparison to more number of patients
included in our study. In the current study, CRP levels failed
to show any significant correlation with 6MWT and mMRC.
However, serum IL-6 concentrations exhibited significant
correlation with 6MWT, mMRC, and BODE index.

IL-6 is a proinflammatory biomarker which plays a
key role in COPD pathobiology. It is released by bronchial
epithelium, and CD8+ and CD4+ T-cells.” Monocytes of
COPD are thought to be involved in overreacting and, thereby,
releasing more IL-6 than in healthy subjects.?® In the current
study, IL-6 concentrations were found to be significantly
elevated in COPD patients than in healthy smokers, indicat-
ing its potential involvement in the inflammatory process of
COPD patients. In agreement with our finding, Pinto-Plata
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Figure 4 Correlation between serum biomarkers and FEV1% in COPD patients and smoker controls (A, B, C: COPD patients; D, E, F: smoker controls).
Abbreviations: COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FEVI, forced expiratory volume in | second; IL-6, interleukin 6; TNF-c, tumor

necrosis factor alpha.

et al®! have also shown previously that the serum levels
of IL-6 were elevated in patients with advanced stage of
COPD.* In our study, serum IL- 6 was a better marker as
compared to TNF-oo CRP with respect to BODE index as it
showed significant correlation with the maximum functional

components of BODE index. (BMI, 6MWT, FEV1, dyspnea).
Our findings are in contrast with the results of Gaki et al,*
who studied the role of systemic biomarkers including IL-6
in 222 stable COPD patients and could not find a significant
association between IL-6 and BODE index. Their failure to
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find a significant association might be related to the fact that
they addressed age as a confounding factor in their study.
The significant association of IL-6 with BODE index and its
components further supports the fact that a combination of
systemic biomarkers along with BODE index assessment can
be more accurate in predicting disease severity and progres-
sion. IL-6 is thought to be directly involved in the systemic
inflammation and may be used as an additional parameter
for risk assessment in patients with COPD.

Clinical implications of the current findings
Many systemic biomarkers predicting the clinical outcomes
in terms of their relationship with mortality or exacerba-
tions have recently been reported in COPD. Very few studies
have looked into the predictive value of combining these
biomarkers with multidimensional BODE index in assess-
ing disease severity. We have shown an association between
the expression of the serum biomarkers and the integrated
systemic manifestations of the disease as represented by the
functional capacity and the BODE index. The present analysis
demonstrated that serum IL-6 concentration and BODE index
combined can be a powerful prognostic determinant of the
disease severity as well as its progression in patients with
stable COPD. Of all the proinflammatory biomarkers studied,
IL-6 is considered most accurately and significantly cor-
related with the maximum components of the BODE index.

Strengths and limitations

Our study has several strengths and limitations which merit
consideration. To date, only a few studies have highlighted
a relationship between disease severity measured by the
BODE index and proinflammatory biomarkers in COPD
patients. To the best of our knowledge, our study provides the
largest hospital-based cross-sectional investigation evaluat-
ing the relationship of systemic inflammatory biomarkers
with BODE index in a group of stable COPD patients and
compares the results to those of healthy smokers. Then, we
assessed a well-characterized, modest-sized monocentric
cohort of COPD patients seeking treatment in the respira-
tory division of a premier tertiary academic institution of
North India.

Our study also has some potential limitations. Firstly,
this is a descriptive study, which depicts only associations;
hence, we acknowledge that our analyses and conclusions will
need to be replicated either prospectively in a study powered
for these hypotheses or in other cohorts that contain similar
data. Secondly, the biology of the inflammatory response is
complex and we studied only a small panel of biomarkers. We
did not study the markers of tissue repair, and it is likely that

the balance between inflammation and repair is important for
the pathobiology of COPD. Lastly, we had only few women in
our study, so we cannot generalize the findings of our study
to both sexes. Nevertheless, the findings of the current study
need to be analyzed with a large sample size and a long-term
follow-up period, involving different populations.

Conclusion

In summary, serum IL-6 combined with multidimensional
BODE index appears to be an important, accurate biomarker
for predicting disease severity in patients with stable COPD.
In this setting, IL-6 is significantly correlated with the maxi-
mum components of BODE index as well as BODE index
alone, compared to other biomarkers studied. Thus, we specu-
late that this novel biomarker may enable the determination
of the severity and prediction of the course of the disease.
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