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Background and objective: It is known that biomarkers of systemic inflammation are
raised in COPD caused by tobacco (T-COPD) compared with healthy controls, but there is
less information on the inflammatory status of subjects with COPD caused by biomass smoke
(B-COPD). In addition, the possible (if any) differences in inflammation between both types
of the disease are still not well known. The aim of this study was to assess the inflammatory
profile in B-COPD and T-COPD.

Methods: A total of 20 subjects (15 men and five women) with T-COPD were matched
one to one for sex, age and forced expiratory volume in 1 s (FEV)) to 20 B-COPD patients.
In all, 20 sex-matched healthy subjects with normal lung function without smoking history
or biomass exposure were included as controls. The following biomarkers were measured:
exhaled nitric oxide, serum IL-6, IL-8, IL-5, IL-13, periostin, surfactant protein-P, TNF-c.,
IgE, erythrocyte sedimentation rate, C-reactive protein and fibrinogen. Complete blood count
was also obtained.

Results: The age of the subjects was 70.217.9 years and FEV % was 56.2%+14.6%. Most
inflammatory biomarkers were higher in both types of COPD than in healthy controls. IL-6,
IL-8 and IL-5 were significantly higher in T-COPD than in B-COPD, without other significant
differences.

Conclusion: Both types of COPD are associated with high levels of systemic inflammation
biomarkers. T-COPD patients have a higher systemic inflammatory status than the patients
with B-COPD.
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Introduction
COPD is a leading cause of mortality. Cigarette smoking is the main risk factor for
COPD, but indoor air pollution related to biomass burning is also a significant risk
factor for the disease.! COPD caused by biomass smoke (B-COPD) has been described
mainly in developing countries. However, biomass smoke exposure is also a concern
in industrialized countries.>* B-COPD has some differences compared to COPD
caused by tobacco (T-COPD). Patients with B-COPD have a slower decline of forced
expiratory volume in 1 s (FEV,) and a different distribution of phenotypes.**
Additionally, biomass and cigarette smoke have different inflammatory and pro-
teolytic effects in the lung in animal models.” A recent study compared women with
T-COPD and B-COPD and suggested a different inflammatory profile for both types
of the disease.® B-COPD patients had higher levels of T-helper 2 (Th2) cells, while
T-COPD subjects had higher quantities of T-helper 17 (Th17) cells.® Another study
suggested that asthma—COPD overlap (ACO) was more frequent in B-COPD than
in T-COPD.’ This could be explained by a predominant Th2 inflammatory profile in
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B-COPD. However, this disparity seemed attributable to
a different distribution of males and females within each
COPD group.’

Although T-COPD primarily affects the lungs and air-
ways, the disease is also characterized by low-grade systemic
inflammation, and several inflammatory biomarkers have
been associated with clinical outcomes in this entity."
However, the possible systemic consequences of B-COPD
are still not well known. In addition, the differences between
T-COPD and B-COPD have not been fully understood so
far. Therefore, a study that evaluates the effects of both types
of COPD on biomarkers of systemic inflammation, in both
men and women, is desirable.

The objective of the present study was to assess the
inflammatory status and the possible differences in inflam-
matory biomarkers between men and women with T-COPD
and B-COPD. The results of the present study will help us
to understand the potential implications of both exposures
in the clinical presentation of COPD.

Methods

Setting

The study was carried out at the COPD clinic of Hospital
Universitario Lucus Augusti in Lugo, Spain. The hospital pro-
vides community health services to 220,000 people who live
mainly in rural areas, where biomass fuels (wood smoke) have
been traditionally used for cooking and home heating.

Study design and subjects

This is an observational, cross-sectional study. Participants
were recruited from the patients who followed up at the
COPD clinic of our hospital. Subjects were identified from
a database maintained for clinical purposes. The inclusion
criteria were age =40 years and diagnosis of COPD in
accordance with the Global Initiative for Chronic Obstructive
Lung Disease (GOLD)."! The exclusion criteria were alpha-1
antitrypsin deficiency, active neoplasm, diagnosis of collagen
vascular disease, pregnancy, renal failure, significant liver
disease, human immunodeficiency virus infection, concomi-
tant diagnosis of other significant respiratory diseases, clini-
cal instability for 8 weeks before the study entry and exposure
to inhaled drugs or other fumes different from biomass smoke
or tobacco. Exposure to biomass or tobacco smoke was
determined during a clinical interview. Subjects were clas-
sified into the B-COPD group if they had a history of at least
20 years of exposure to biomass, either used for cooking or
as a home heating system, and were never-smokers. Subjects
with a history of significant passive smoking were excluded.

Cumulative biomass smoke exposure was expressed as
hours—year (the product of the number of years exposed to
smoke and the average number of hours spent daily around
the smoke source). Subjects were classified into the T-group
if they had a smoking background, with a pack-year index
>10, and they did not have a significant exposure to bio-
mass smoke. A total of 20 T-COPD subjects were matched
one to one for sex, age and post-bronchodilator (postBD)
FEV, to 20 B-COPD patients. Age was matched via nearest
neighbor matching with a maximum allowable difference
of 5 years between two participants. FEV, was matched
according to the ordinal (1-4) GOLD stage of severity of
ventilatory obstruction.'' A total of 20 subjects, matched for
sex, were included as healthy controls. The control popula-
tion consisted of volunteers recruited among the hospital
staff through advertisements, which did not reveal any a
priori hypothesis of the study. They did not have a history
of biomass smoke exposure; they had never smoked and had
normal lung function.

Lung function testing

Subjects underwent pre-bronchodilator and postBD spirometry
and plethysmographic lung volume and single-breath carbon
monoxide uptake measurements, following the procedures
recommended by the American Thoracic Society/European
Respiratory Society task force using an integrated lung func-
tion testing equipment (MasterScreen Body, MasterScreen
Pneumo, MasterScreen Difusion, Version JLAB 5.20.0.52;
Viasys Healthcare GmbH, Hochberg, Germany). Reference
values for spirometry were those recommended by the Spanish
Society of Pulmonology and Thoracic Surgery for Spanish pop-
ulation.'? Exhaled nitric oxide (FeNO) was measured (NIOX
MINO; Aerocrine AB, Solna, Sweden) at a mouth flow rate of
50 mL/s for 10 s. Oxygen saturation was measured using a fin-
ger pulse oximeter (Pulsox 3i; Minolta, Ramsey, NJ, USA).

Laboratory data

Venous blood was obtained in the morning after an over-
night fast. The biomarkers IL-5, IL-13, periostin, IgE and
eosinophil blood count were measured, which were chosen
as markers of a Th2-type inflammation. TNF-c, IL-6 and
IL-8 were selected because they have been widely studied
in COPD, and they might be related to poorer prognosis and
to a higher risk of comorbidities. Surfactant protein-P (SP),
produced in type II pneumocytes, was selected as a marker
of lung injury. Other common inflammatory biomarkers such
as erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP) and fibrinogen were also measured, because they
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are acute-phase reactants previously associated with COPD
with prognostic implications. Alpha-1 antitrypsin and com-
plete blood count were determined as well. Blood samples
(5 mL) were collected in K3-ethylenediaminetetraacetic
acid (EDTA) tubes (Vacuette; Greiner Bio-One GmbH,
Kremsmiinster, Austria). Samples were immediately cen-
trifuged, and plasma aliquots were stored at —80°C until
immediately before analysis. Plasma IL-5, IL-6, IL-8, IL-13,
TNF-o, SP (R&D Systems, Inc., Minneapolis, MN, USA)
and periostin (CUSABIO, Wuhan, China) levels were mea-
sured using commercially available enzyme immunoassay
kits according to the manufacturers’ protocols.

Statistical analysis

Normal distribution of data was assessed using the
D’ Agostino—Pearson test. For continuous variables, compari-
sons between the two groups were made using the Student’s
t-test or Mann—Whitney U'test, as applicable. For comparisons
between more than two groups, analysis of variance (ANOVA)
or Kruskal-Wallis test was used. The chi-squared test was
used for discrete variables. Data were reported as percent-
ages for discrete variables and mean + standard deviation
or median (interquartile range) for continuous variables,
depending on whether they followed a normal distribution
or not, respectively. Correlations between variables were
assessed using Pearson’s or Spearman’s correlation coefficients,

as appropriate. Significance tests were two tailed, and a
P-value <0.05 was considered as statistically significant.

Sample size was estimated assuming that 1) the magnitude
of the difference in the values of inflammatory biomarkers
between B-COPD and control subjects would be similar
to the difference in the CRP levels between T-COPD and
control nonsmokers' and 2) the difference in inflammation
markers between B-COPD and T-COPD would be equivalent
to the difference in Th2 cells between these types of disease!*
(using these data with a two-sided 0.05 significance level
and 95% power, a sample size of 20 subjects in each group
would be large enough).

Compliance with ethical standards

The study was performed in accordance with the 1964 Dec-
laration of Helsinki and its later amendments, and it was
approved by our ethical committee (Comité Autonémico
de Etica de la Investigacion de Galicia, registry number:
2012/003). Written informed consent was obtained from all
the subjects prior to the inclusion in the study.

Results

Figure 1 shows the flowchart of subject recruitment. A total of
15 men and five women in each group (B-COPD and T-COPD)
were matched by postBD FEV, and age. Two patients in the
T-COPD group were current smokers, while the rest of the

111 subjects
screened
P T
48 biomass 63 tobacco
group group
Three excluded Two excluded
FEV,/FVC >0.70 (1) Y ¥ Other respiratory disease (1)
Unable to contact (2) 45 eligible 61 eligible Unable to contact (1)
for study for study
25 excluded 41 excluded
Did not agree to Did not agree to
participate (2) 4 A participate (7)
Did not match FEV,, . . Exposure to biomass (14)
sex and age (23) 2"? ::grd;g 2”? ;:grd:g Did not match FEV,,
Y y sex and age (20)

Figure | Flow diagram of subject recruitment.
Abbreviations: FEV , forced expiratory volume in | s; FVC, forced vital capacity.
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Table | Clinical and demographic characteristics of the studied
subjects

Variable Biomass Tobacco P-value
(n=20) (n=20)

Males 15 15 -
Age, years 70.218.6 70.1£7.3 0.72
Pack-years - 62.8+37.8 -
Hours—year 262.3+126.4 - -
BMI, kg/m? 31.545.1 29.945.0 0.31
Dyspnea, MMRC 0.46

0 1 (5) I (5)

| 7 (35) 10 (50)

2 10 (50) 9 (45)

3 2 (10) 0

4 0 0
SpO,% 96.2+1.8 95.2+3.0 0.24
FEV, preBD% 52,1119 49.9+17.1 0.63
FVC preBD% 70.5£12.9 75.4+16.4 0.30
FEV /FVC preBD% 54.7+9.8 48.5+12.3 0.08
FEV, postBD% 57.6+13.6 54.4+16.4 0.52
FVC postBD% 73.8+132 79.5+15.3 0.20
FEV /FVC postBD% 57.7x11.1 50.3%11.8 0.06
Positive BD test 8 (40) 6 (30) 0.96
DLCO% 84.1+21.7 67.2+22.4 0.02
DLCO/VA% 83.6+17.8 62.6+18.5 0.001
1C% 80.2t14.5 70.1£16.0 0.04
TLC% 103.1£10.6 108.1+14.1 0.22
RV% 151.5431.7 159.1+33.6 0.47
RV/TLC% 142.6£21.6 145.5+19.6 0.67
FeNO, ppb 39.0t14.6 27.6+16.3 0.056

Note: Results are expressed as mean + standard deviation or as number of obser-
vations (percentage).

Abbreviations: BMI|, body mass index; nMRC, modified Medical Research Council;
SpO,, pulse oxygen saturation; FEV,, forced expiratory volume in | s; preBD,
pre-bronchodilator; FVC, forced vital capacity; postBD, post-bronchodilator;
BD, bronchodilator; DLCO, carbon monoxide diffusing capacity; DLCO/VA, carbon
monoxide transfer coefficient; IC, inspiratory capacity; TLC, total lung capacity;
RV, residual volume; FeNO, exhaled nitric oxide.

Table 2 Laboratory data

subjects in this group were ex-smokers. In all, 12 subjects
in the B-COPD group were currently exposed to biomass,
while eight patients had no current exposure to this smoke.
Table 1 shows the clinical and demographic characteristics
of the studied subjects. There were no significant differences
between the two groups with respect to age, body mass index,
dyspnea or oxygen saturation. Lung function test results were
also similar for both groups, except inspiratory capacity (IC)
and carbon monoxide diffusion variables, which were lower
for the T-COPD group. There was a trend toward higher
FeNO values in the B-COPD group, but the differences did
not reach statistical significance.

Table 2 shows the laboratory data for the B-COPD and
T-COPD groups and for the healthy controls. Almost all
inflammatory biomarkers were significantly higher in both
COPD groups than in controls. Differences between T-COPD
and B-COPD were only significant in IL-6, IL-8 and IL-5,
which were higher in the T-COPD group. Figure 2 compares
the values of IL-6, IL-8 and IL-5 between groups. Biomark-
ers compatible with a Th2 inflammatory profile (IL-5, IL-13,
eosinophil count, FeNO, periostin, IgE) were not higher in
B-COPD compared with T-COPD.

Discussion

This study has found that patients with B-COPD, similar to
those with T-COPD, exhibit higher levels of inflammatory bio-
markers than healthy subjects. In addition, the study has found
differences in the systemic inflammatory profile of patients
with B-COPD and T-COPD. Subjects with T-COPD exhibited

Variable Biomass (n=20) Tobacco (n=20) Controls (n=20) P-value®
IL-6 (pg/mL) 1.68 (1.08-2.00)° 3.84 (2.04-7.67)° 0.00 (0.00-1.12) <0.001
IL-8 (pg/mL) 0.71 (0.01-1.68)° 2.24 (1.32-5.34)° 0.22 (0.00-2.04) 0.005
IL-5 (pg/mL) 1.45 (1.15-1.83)c 2.08 (1.38-2.48)¢ 1.60 (0.99-2.20) 0.03
IL-13 (pg/mL) 23.0 (3.75-32.5) 17.5 (7.47-31.5) 13.09 (2.79-42.8) 0.99
SP (ng/mL) 7.62 (4.38-14.24) 12.53 (5.84-16.48) 5.09 (3.14-8.40) 0.054
TNF-o (pg/mL) 6.33 (3.07-8.09) 6.69 (2.45-12.43) 0.00 (0.00-0.00) <0.001
Periostin (ng/mL) 0.42 (0.26-0.66) 0.42 (0.33-0.80) 0.00 (0.00-0.00) <0.001
Leukocyte count (n), 103 /mL 7.81£1.72 7.61£1.95 6.5412.13 0.12
Neutrophil count (n), 10%/mL 5.15 (4.00-5.60) 4.30 (3.82-5.67) 3.60 (3.00-4.02) <0.001
Neutrophils% 62.4+8.2 61.7+6.7 56.4+9.2 0.054
Eosinophil count (n), mL 100.0 (100.0-200.0) 100.0 (100.0-200.0) 100.0 (100.0-200.0) 0.73
Eosinophils% 1.55 (1.00-2.90) 1.90 (1.12-3.25) 1.70 (1.17-2.52) 0.84
CRP 2.80 (1.50-5.86) 3.17 (2.44-8.83) 0.58 (0.13-1.01) <0.001
ESR 7.50 (3.00-16.50) 10.00 (3.25-19.75) 3.00 (2.00-8.75) 0.14
Fibrinogen 396.0 (343.0-451.0) 387.0 (326.0—445.0) 328.0 (313.0-368.0) 0.0l
Alpha-| antitrypsin 152.5 (131.5-172.5) 132.5 (116.0-149.0) 126.0 (109.0-133.0) <0.01
IgE 52.7 (20.3-237.5) 68.2 (15.0-212.5) 16.1 (6.9-62.8) 0.09

Notes: Results are expressed as mean =+ standard deviation or as median (interquartile range). *P-values for results of ANOVA or Kruskal-Wallis tests for comparison
between biomass, tobacco and control groups. "Comparison between biomass and tobacco groups using Mann—Whitney U test, P<0.01. <Comparison between biomass and
tobacco groups using Mann—Whitney U test, P=0.01.
Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ANOVA, analysis of variance; SP, Surfactant protein-P.
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Figure 2 Differences between study groups in (A) IL-6, (B) IL-8 and (C) IL-5.

Note: The middle horizontal line represents the median, and the top and bottom horizontal lines represent 95% confidence interval for the median.
Abbreviations: T-COPD, COPD caused by tobacco; B-COPD, COPD caused by biomass smoke.

higher serum concentrations of several proinflammatory
cytokines with potential prognostic significance. However,
unlike a previous report, we did not find a predominant Th2-
type inflammation in B-COPD.

Persistent, low-level, systemic inflammation is thought
to play a pathogenic role in COPD.'s The present study con-
firmed higher levels of most serum inflammatory biomarkers
in COPD, caused by either biomass or tobacco smoke, com-
pared with healthy controls. The information on the inflam-
matory status of B-COPD and the possible differences with
T-COPD are presently limited. A previous paper found no
differences in the level of CRP and matrix metalloproteinases
between B-COPD and T-COPD.'¢ The present study has
evaluated a substantial number of inflammation biomarkers,
which shed light on the subject of inflammatory status in both
types of the disease. The study is consistent with a previous
report in which higher values of IL-6 and IL-8 were found
in T-COPD than in B-COPD.? IL-6 has been associated with
a higher risk of death in COPD,'° and it might have a role in
the pathogenesis of atherosclerosis.!” Actually, IL-6 is raised
in a cardiovascular comorbidity cluster of COPD patients.'s

IL-8 might also have a role in cardiovascular disease. It could
be implicated in the formation and preservation of the
inflammatory environment of the damaged vascular wall."
This raises the possibility of a higher risk for cardiovascular
comorbidity in T-COPD compared with B-COPD. A recent
preliminary study has found a higher prevalence of ischemic
heart disease in patients with T-COPD, which would be
congruent with this hypothesis.?

B-COPD and T-COPD exhibit clinical heterogeneity, and
T-COPD subjects have a predominant emphysema pheno-
type.® The present study is not an exception, and lower values
of IC and carbon monoxide diffusion variables in T-COPD
were found. In addition, ACO might be more frequent
in B-COPD.’ Tobacco and biomass smoke might induce
different inflammatory responses, which may account for
the phenotypic differences between B-COPD and T-COPD.
A role for T-helper (CD4") cells in the pathogenesis of
obstructive lung diseases (COPD and asthma) has been sug-
gested. Th1 lymphocytes have been implicated in the patho-
genesis of smoking-related emphysema.?! On the other side,
in asthma, there is a predominance of Th2 cells.?? Besides
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the classical Thl and Th2 cells, continuing studies identi-
fied new subsets of CD4" cells, such as Th17 cells, which
are raised in the bronchial mucosa and peripheral blood of
patients with COPD.»2

A previous study by Solleiro-Villavicencio et al® found
that CD4* T-cell subpopulations of the Th2 type were more
raised in the peripheral blood of subjects with B-COPD,
while Th17 cells were higher in subjects with T-COPD.
In contrast to these results, the present study has not found
raised Th2-type biomarkers in peripheral blood of B-COPD
subjects. No significant differences were found in FeNO
values (a potential marker of a Th2-type airway inflamma-
tion) either. No clear significant correlations were found
between Th2 biomarkers, which suggests that there were not
subpopulations of subjects with a patent Th2 response.

In order to clarify the discrepancies between the present
study and the findings of Solleiro-Villavicencio et al, we
must draw attention to the fact that all the subjects in their
study were females, while most of the patients in our study
were males. A previous study showed that ACO was more
frequent in B-COPD than in T-COPD, and this would be
congruent with a Th2-predominant inflammation, but the
differences seemed attributable to a different proportion of
males and females in both types of the disease.” Actually,
ACO was more frequent in women, both in B-COPD and
in T-COPD.’ Sex-related differences in the clinical expres-
sion of COPD have been reported,”2¢ and it is plausible that
women might exhibit a different inflammatory response to
smoke, either produced by tobacco or biomass burning, than
men. This possibility has not been sufficiently investigated.
A recent study suggested that there are, indeed, sex differ-
ences in the inflammatory response to tobacco smoke.?’
Whether these differences also exist concerning exposure to
biomass smoke is presently speculative, although it seems
highly plausible.

Another possible explanation for the discrepancies
between the present study and the article by Solleiro-
Villavicencio et al might lie in differences in the kind of
biomass fuels used. Animal models showed that mice sub-
chronically exposed to cow dung burning exhibited predomi-
nantly increased neutrophil and macrophage chemokines.
However, with wood smoke exposure, mice showed raised
eosinophil cytokines.?® Consequently, the systemic inflam-
matory response might be different in distinct geographic
areas depending on the kind of fuels used.

Finally, we must bear in mind that COPD is a very het-
erogeneous disease with various inflammatory phenotypes.
For example, Khurana et al** found that COPD patients with

persistent sputum production have increased concentrations
of some inflammatory mediators in the airways when
compared to nonpersistent sputum producers. In addition, the
present study included almost exclusively serum biomarkers,
with the only exception of FeNO. These markers might not
reflect adequately the inflammatory processes in the lung
compartment. In T-COPD, there are few and weak correla-
tions between lung and serum inflammatory biomarkers.*%3!
Therefore, systemic inflammation does not seem to be a
simple “overflow” of inflammatory components from the
lung into the blood.*® Nevertheless, the present study offers
insight into the subject of systemic inflammation in B-COPD
and T-COPD, which is thought to be related to complications
and comorbidities of the disease.

We did not find differences in other inflammatory bio-
markers between B-COPD and T-COPD. SP is a pulmonary-
specific inflammatory marker that is raised in COPD patients
compared with asthma patients.>? Because subjects in our
study were matched by FEV , it is understandable that the
values of this biomarker of severity of lung injury were
similar between groups. TNF-o, CRP and fibrinogen were
also similarly raised in B-COPD and T-COPD. We had
expected to find higher values of TNF-a in the T-COPD
group, because it seems to be primarily a marker of smoking
(its values were higher in smokers without COPD than in
COPD subjects in the ECLIPSE cohort),* but it must be noted
that only two subjects in the T-COPD group in the present
study were current smokers, and this might account for the
similar between-group values of this biomarker.

Several limitations of the present study must be acknowl-
edged. We have only performed a single measurement of
biomarkers, and it would be possible that the values of
some biomarkers might vary over time. However, serum
inflammatory markers seem to have acceptable repeatability
in COPD.*® In addition, in order to avoid confounding
variables, we matched subjects by age, sex and lung func-
tion. This requirement forced to exclude numerous patients
from the study and, as a result, the participants might not be
totally representative of the B-COPD and T-COPD patients
seen in clinical practice. Biomass smoke exposure was
self-reported and quantified according to the daily hours
spent by the stove. This quantification might be somewhat
imprecise, because it might fluctuate significantly according
to seasonal variations within 1 year and also from year to
year with changing climatic conditions. However, most
epidemiologic and clinical studies on B-COPD did not use
direct measurements of exposure,* and the hours—year index
is the most commonly used system to establish dose—response
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relationships. The values of the cytokines measured were low
and of doubtful biological relevance. The study excluded
subjects with significant comorbidities, so it is understand-
able that the values of the inflammatory biomarkers were
lower than expected. Finally, socioeconomic status might
differ for patients with B-COPD (who lived in rural areas)
and T-COPD (who came mainly from urban settings). Con-
sequently, lifestyle, diet or environmental variables might
have biased the results to some degree.

Conclusion

Similar to patients with T-COPD, subjects with B-COPD
exhibit a higher inflammatory status than healthy controls.
There are some differences in the inflammatory profile of
B-COPD and T-COPD. T-COPD patients have an increased
systemic inflammatory status, including parameters poten-
tially implicated in cardiovascular disease. However, we
have not confirmed previous studies that suggested a Th2
polarization in B-COPD. Further studies are needed to
define the possible sex differences in the biologic response
to biomass and tobacco smoke and the potential disparities
in the systemic consequences of both types of fumes.
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