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COPD; Introduction: Pulmonary rehabilitation (PR) has many benefits for individuals with COPD. How-
Air pollution; ever, it is not clear whether PR could prevent the hazards of air pollution exposure. This
Pulmonary study aimed to analyze the effects of biomass burning exposure on pulmonary inflammatory
inflammatory markers and pulmonary function in individuals with COPD, participants and non-participants of
markers; PR.

Lung; Methods: 35 subjects were divided into three groups: individuals with COPD who received PR
Interleukins; (G1, n=15), those who did not (G2, n=10), and a control group composed of healthy individuals
Spirometry without COPD (CG, n=10). Measurements of lung function and concentrations of IL-6, IL-10, and

TNF-« in exhaled breath condensate samples were collected. The assessment and concentra-
tions of particulate matter (PM), nitrogen dioxide (NO;), ozone (O3), temperature (T), and
relative air humidity (RAH) were recorded in biomass burning and non-burning periods.
Results: There was a significant increase in the concentrations of air pollutants in the biomass
burning period. In this period, an increase in IL-6 (G1p=0.041, G2 p=.012), and a reduction in
the FEV/FVC ratio (G1p=0.021, G2 p=.007) were observed in individuals with COPD. In G1, the
increase in IL-6 concentrations correlated positively with O3 (r=0.693; p=.006), and negatively
with RAH (r=-0.773; p=.003) in the burning period.
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Conclusions: Individuals with COPD exposed to biomass burning demonstrated increased pul-
monary inflammation and a reduction in the FEV,/FVC ratio, regardless of their engagement in

PR.

© 2017 Published by Elsevier Espana, S.L.U. on behalf of Sociedade Portuguesa de Pneumologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

The main cause of Chronic Obstructive Pulmonary Disease
(COPD) is smoking, including passive smoking." In underde-
veloped countries, in addition to smoking, exposure to air
pollution and biomass burning are risk factors for developing
the disease?™> and episodes of exacerbation.® Despite tech-
nological advances, the impact of biomass burning in some
regions is still a major problem for the health of the exposed
population.’

The emission of high levels of air pollutants relates to
an increase in respiratory symptoms, respiratory infections,
and decreased lung function in COPD individuals as they are
more vulnerable to additional stress on the respiratory tract
caused by these aggressors.® Inhalation of harmful gases
and particulate matter can induce pulmonary inflammatory
response orchestrated by inflammatory cells and pulmonary
inflammatory mediators.°

The study of Guarnieri et al."® performed with women
exposed to smoke from biomass burning, observed an
increase in cells and inflammatory markers such as inter-
leukin (IL) -6, IL-8 and tumor necrosis factor (TNF-a), both
at a pulmonary and systemic level."

In addition to increased pulmonary and systemic inflam-
matory responses, exposure to biomass burning can cause
respiratory symptoms such as coughing, dyspnea, and
decreased lung function.'? This is evidenced in the study
of Jin et al.”® in which there was a decrease in forced vital
capacity (FVC) and forced expiratory flow (FEFso) in individ-
uals with COPD after exposure to coal-burning.

In the face of these complications and impairment of
the symptoms to which individuals with COPD are suscep-
tible, physical training, as part of pulmonary rehabilitation,
is widely known to have several beneficial effects on the
health of these individuals,’* in addition to potential anti-
inflammatory effects,’® however it is not known if physical
training has this protective effect in individuals with COPD
exposed to air pollutants.

Thus, the aim of this study was to analyze the effects of
exposure to biomass burning on inflammatory markers and
pulmonary function in individuals with COPD, participants
and non-participants in a pulmonary rehabilitation program.

Material and methods

In total, 69 subjects were recruited, however 22 did not
meet the inclusion criteria and 5 refused to participate,
thus, 42 individuals actually participated in the study. The
subjects were divided into three groups, individuals with

COPD who received pulmonary rehabilitation (G1, n=17),
those who did not receive (G2; n=11), and a control
group composed of healthy individuals without COPD (CG,
n=14). From this sample, 3 and 4 exacerbated individuals
dropped out prior to completion of the study, obtain-
ing a final sample of 35 individuals (Fig. 1). Inclusion
criteria were clinically stable individuals with COPD accord-
ing to the Global Initiative for Chronic Obstructive Lung
Disease (GOLD)," who had reported no changes in medica-
tions for at least 30 days, were not current smokers and
were not taking oxygen therapy at home. For the control
group, they had to have no pre-existing health condition
that could influence pulmonary function and inflammatory
process.

The G1 group received, in addition to pharmacological
treatment, supervised monitoring of pulmonary rehabilita-
tion twice weekly, each session lasting 60 minutes, consisting
of aerobic and resistance components. Aerobic component
was performed on a treadmill, and the walking speed was
set at 60% of the average speed obtained from the six minute
walk test (6MWT). Treadmill speed was increased until the
participants reached 115% of their initial average speed from
the 6MWT at the end of the protocol. The resistance com-
ponent was carried out on a conventional weight machine.
G1 group started at 60% of their one-repetition maximum
(1-RM). They performed three sets of ten repetitions for
each exercise. The load was increased by 4% every four ses-
sions until they reached 80% of their initial 1-RM at the end
of protocol. The G2 group received only pharmacological
treatment.

The study was conducted at the Center for Studies and
Assistance in Physiotherapy and Rehabilitation, Faculty of
Science and Technology - Sao Paulo State University of Pres-
idente Prudente/SP, Brazil.

Individuals signed the free and informed consent in accor-
dance with the Declaration of Helsinki of the World Medical
Association. The study was approved by the Research Ethics
Committee of the Faculty of Science and Technology -
UNESP, PresidentePrudente/SP (No. 5402/13).

The evaluations were performed in the period of biomass
burning and non-burning. Individuals performed two noncon-
secutive days of assessments. On the first day an interview
was held to obtain personal data; smoking history (smoking
years, cigarettes/day, pack-years, and years of abstinence)
and comorbidities. To attest to smoking abstinence carbon
monoxide concentration in exhaled air (COex) was verified,
followed by lung function. On the second day the measure-
ment of lung inflammatory markers through exhaled breath
condensate (EBC) was performed.
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Figure 1

The particulate matter concentrations (PM), nitrogen
dioxide (NO,) and ozone (03); temperature (T) and relative
air humidity (RAH) were obtained through daily active samp-
ling by the automatic weather station of the State of Sao
Paulo located in PresidentePrudente/SP. Data on environ-
mental pollution, T, and RAH were also recorded during the
periods of biomass burning and non-burning.

COex and carboxyhemoglobin (HbCO) were verified using
a carbon monoxide analyzer (Micro CO meter, Cardinal
Health, UK).'® The concentration of COex was expressed
in parts per million (ppm) and HbCO. Spirometry was per-
formed according to the recommendations of the ATS/ERS,
using a portable spirometer (Spirobank-MIR®, Italy, version
3.6)." The values related to the Brazilian population were
used.'®

Exercise capacity was assessed by 6MWT according to
the recommendations of the ATS.'” The 6MWT was only
performed on the group of COPD that participated in the
pulmonary rehabilitation program, once the remaining two
groups did not receive physical intervention.

A specific enzyme immunoassay kit ELISA (Ready-SET-
Go, eBioscience, Affymetrix, California, USA) was used to
measure IL-6, IL-10 and TNF-a concentrations in the EBC.2°
EBC is a promising noninvasive tool that can be useful
to evaluate biomarkers in lung disease.”’ EBC was col-
lected using a glass condenser tube that was mounted in
polystyrene boxes filled with crushed ice and salt crys-
tals. The temperature in the device was about —15°C. A
mouth adaptor was added to the circuit, to aid the individ-
uals to breathe tidally for 10 minutes while wearing a nose
clip.?? EBC samples were stored in polypropylene tubes at
—70°C until analysis. The assay was validated directly by gas

Enrolment flow chart and participant selection.

chromatography/mass spectrometry. The intra-assay and
inter-assay variability were <7%.

Statistical analysis

Data were expressed as mean and standard deviation,
median and interquartile range (25-75%). The normality
of the data was assessed by the Shapiro-Wilk test. For
intragroup comparison between periods of biomass burning
and non-burning, the Student’s t test or Wilcoxon test was
used, depending on the normality of the data. For inter-
group comparisons, ANOVA with Bonferroni post test or the
Kruskal-Wallis test with Dunn’s post test were performed
according to data homogeneity (Levene’s test) comparing
the delta values (A =burning —non-burning). For correla-
tions, the Pearson or Spearman tests were used according
to the normality of the data. From a significant correlation,
linear regression was performed from 10 logarithms of each
variable, which were adjusted for age, body mass index, and
pack-years. The statistical software used was SPSS 15.0 and
values of p <.05 were considered significant.

Results

During the burning of biomass the concentration of air pol-
lutants was significantly higher compared to the period
of non-biomass burning. The Temperature and Relative Air
Humidity were lower in the period of burning. Table 1
shows the concentrations of air pollutants and meteorolog-
ical variables in the city of Presidente Prudente/SP in the
non-burning and burning periods.
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Table 1

Atmospheric pollutants and meteorological data in urban area, non-burning and burning periods.

Non-burning

Burning p

Atmospheric pollutants

PM1o (ng/m3) 12.1 (11.1-14.9) 28.7 (20.3-40.3) <.0001
NO; (pg/m3) 12.1 (9.7-14.0) 16.9 (13.5-19.9) <.0001"
03 (ng/m?3) 38.2 (33.6-44.1) 62.4 (54.7-73.7) <.0001"
Meteorological data
T (°C) 26.5 (25.5-28.1) 25.2 (22.9-27.7) .005
RH (%) 68.8 (64.0-73.8) 53.3 (42.7-65.9) <.0001
Data are expressed as medians (interquartile range).
PMqo: particulate matter 10 wm; NO;: nitrogen dioxide; O3: ozone; T: temperature; UR: atmospheric relative humidity.
* Significant difference (p <.05).
Table 2 Characteristics of participants.
G1 (N=15) G2 (N=10) CG (N=10) p
Anthropometrics
Male/female, N 7/8 8/2 5/5 222
Age (years), mean +SD 68.1+£9.1 71.8+8.5 50.04+6.7° <.0001
BMI (kg/m?), mean +SD 24.8+5.1 24.8+5.3 29.4+3.8 .050
Smoking history
Ex-smoker, N 8 9 5 .128
Cigarettes/d, median (IQR) 20.0 (20.0-37.5) 20.0 (20.0-25.0) 10.0 (6.0-30.0) .206
Pack-years, median (IQR) 45.0 (21.3-52.4) 40.0 (30.0-56.3) 7.5 (1.2-26.0) .018"
Abstinence (years), median (IQR) 10.0 (5.3-13.8) 15.0 (6.0-26.5) 29.0 (14-32.5) .129
Exhaled carbon monoxide (ppm), median (IQR) 2.0 (1.0-4.0) 2.0 (0.0-3.5) 3.0 (2.0-3.3) .564
Carboxyhemoglobin (%), median (IQR) 0.3 (0.2-0.6) 0.3 (0.0-0.6) 0.5 (0.3-0.5) .564
* Significant difference (p <.05).
T Different between G1 and G2.
BMI: body mass index.
Table 2 presents the characteristics of the groups. Both Discussion

groups with COPD presented higher smoking load, repre-
sented by pack-years, compared to the control group. There
was an increase in IL-6 concentrations in both groups with
COPD in the burning period compared to the non-burning
period. There was no significant difference in the intergroup
comparison (Table 3).

In G1, the increase in IL-6 levels correlated positively
with Os (r=0.693; p=.006), and negatively with RAH
(r=-0.773; p=.003) during the burning period. In the unad-
justed linear regression it was observed that for each
increase of 1g/m? of O; there was an increase of 0.691 pg/ml
of IL-6 in the burning period (8: 0.691; Cl: 0.972-4.707).
However, after adjustment for confounders such as body
mass index, age, and pack-years the relationship between
0; and IL-6 was no longer significant (8: —0.005; Cl: —0.014
to 0.005).

There was a significant decrease in the FEV1/FVC ratio in
individuals of both groups with COPD in the burning period
compared to the non-burning period. There was no differ-
ence in the intergroup comparison (Table 3). Moreover, in
relation to functional capacity (6MWT), G1 presented a sig-
nificant improvement during burning period compared to the
non-burning (504.1 £+ 67.2 vs 465.1 4+ 68.4 meters; p=.005).

This study showed a significant increase in the concentra-
tions of air pollutants in the period of biomass burning
compared to the period of non-biomass burning. Individ-
uals with COPD who received pulmonary rehabilitation (G1)
showed an increase in functional capacity, with an improved
performance in the 6MWT during the burning period. More-
over, there was an increase in IL-6 expression and a reduction
in the FEV,/FVC ratio in the period of biomass burning. In
the same way, individuals with COPD who did not received
pulmonary rehabilitation (G2) also presented increase in IL-
6 expression and a reduction in the FEV,/FVC ratio. In the
control group no difference was observed.

IL-6 has been identified as an important mediator of the
inflammatory process in chronic lung diseases.?® Bucchione
et al.?* suggest that the increase in IL-6 concentration in
the lungs of COPD patients may indicate inflammation of
the airways. IL-6 production is carried out not only by the
innate immune system cells (P. Ex. Macrophages, dendritic
cells, mast cells, and neutrophils), but also by lung epithelial
cells. Thus, since the epithelium of the respiratory tract is
the first pathway of contact between the body and the exter-
nal environment, epithelial cells and alveolar macrophages
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Comparison of spirometric values, interleukins, and delta (A) differences between the groups during the non-burning and burning periods.

Table 3

<
Q

10)

CG (N

10)

G2 (N

=15)

G1 (N

Variables

Burning

Burning p Non-burning

Non-burning
69.5 (47.8-77.3)

Burning p

Non-burning

.340
.755
.221

.654
.085
.203
.070
.534
.308
.575
.686

93.5 (86.5-100.3)

94.5 (90.8-98.0)

.195
.689
.007°
.082
.675
.214
.012°
.203

67.5 (53.8-82.3)

43
.825

64.0 (53.0-82.0)  70.5 (56.0-86.3)

43.0 (33.0-59.0)

FVC (%)

96.0 (86.8-101.3)

96.0 (92.5-104.8)

45.0 (29.0-57.3)

49.5 (30.8-53.8)

40.0 (29.8-63.0)

FEV; (%)

83.4 (77.4-88.1)
111.0 (86.5-130.0)

82.8 (78.9-88.0)
115.5 (94.8-148.0)

46.7 (39.1-53.6)

.021"  52.1 (43.5-54.7)

48.2 (41.8-61.4)

52.6 (46.1-61.1)

FEV,/FVC (%)
FEF25-75% (%)

PEF (%)

.574
.301
.466
.633
.374

20.5 (15.0-33.0)

25.0 (18.3-34.3)

.124
71
.910
.041°
.776

19.5 (15.8-30.8)
45.0 (34.5-57.3)

25.0 (18.0-33.0)
45.0 (37.0-66.0)

88.5 (83.3-107.3)

88.0 (82.3-103.0)

37.0 (27.5-63.0)

38.0 (30.5-55.0)

2.4 (2.0-4.2)
2.5 (1.8-3.1)
2.2 (1.5-2.9)

3.3 (2.7-3.6)
1.5 (1.2-3.2)
2.4 (1.4-2.9)

2.5 (2.3-3.8)
1.7 (1.1-3.2)
1.8 (1.4-2.3)

4.8 (3.1-6.3)

2.5 (1.7-4.7)
1.6 (0.8-3.1)
1.4 (1.4-2.2)

2.0 (1.6-4.8)
0.9 (0.7-2.1)

TNF-a (pg/ml)
IL-6 (pg/ml)

1.1 (0.8-2.6)
1.9 (1.4-2.6)

1.4 (1.3-2.3)

IL-10 (pg/ml)

Data are expressed as medians (interquartile range).

p A: difference between the deltas; FVC: forced vital capacity; FEV4: forced expiratory volume in the first second; FEV{/FVC: ratio of FEV; and FVC; FEF;5-75%: expiratory flow between

25% and 75% of FVC; PEF: peak expiratory flow; TNF-a: tumor necrosis factor alpha; IL-6: interleukin 6; IL-10: interleukin 10.

Significant difference (p <.05).

*

may play a role in signaling and IL-6 release in response to
environmental changes.?

In this study there was an increase in inflammatory mark-
ers in the lungs in both groups of individuals with COPD
during the biomass burning and a positive correlation with
the concentration of O;. Our findings corroborate the study
of Dameras et al.,”® which showed that exposure to Os
influences the modulation of IL-6 release in the airway
epithelium. Besides measuring inflammation, the increase in
IL-6 observed with exposure to O3 in individuals with COPD
may indicate lung epithelial injury.?

This type of epithelial damage, added to modifications in
the cellular profile and function, has been identified as one
of the contributing factors for the development of COPD.%6:?’
In addition, IL-6 has been identified as a biomarker to predict
mortality in COPD.?®

In this study, the analysis of multivariate models adjusted
for variable pack-years showed a loss in the cause and effect
relationship between 0; and IL-6, suggesting that the corre-
lation observed in the present study was influenced by the
smoking load of individuals with COPD.

It is possible that this explains the fact that there was a
correlation between O; and IL-6 only in the group with higher
values of pack-years. This finding is in agreement with the
study of Moraes et al.?’ that reported an increase in IL-6
observed in individuals with COPD which may be associated
with smoking history, particularly in those with a smoking
load of more than 30 pack-years.

In patients with stable COPD, lung inflammation seems
to persist regardless of smoking cessation, a factor which
may contribute to the increased decline in lung function.3%3!
Previous studies have shown that lung function is an impor-
tant marker of the effects of air pollution in the exposed
population.®

In this study, there was a decrease in the FEV,/FVC ratio
in individuals with COPD in the biomass burning period.
Other studies have also reported a reduction in this param-
eter after exposure to biomass burning.3?33

The alterations observed in the present study in relation
to the inflammatory status and lung function occurred inde-
pendently of whether the individual with COPD performed or
did not perform supervised physical training, suggesting that
physical training may not be able to mitigate the harmful
effects of exposure to air pollution.3* This may be because
individuals with COPD are particularly vulnerable to stress
in the airways caused by exposure to pollutants.

Exposure to air pollution is associated with increased
morbidity in these patients, including increased respiratory
symptoms, inflammation, and decreased lung function, it is
the frequent cause of exacerbations, causing visits to emer-
gency services or hospitalization.?*

In a recent study of Fisher at al. (2016) there was a
negative association between doing physical activity (sports
and cycling) and hospitalizations of patients with COPD,
and a positive association between exposure to NO; and
the hospitalizations of these patients, but the two events
are independent from each other.¢ Our results showed that
pulmonary rehabilitation was able to improve the func-
tional capacity of the individuals with COPD, however, their
engagement in pulmonary rehabilitation did not prevent the
hazards of biomass burning exposure to the respiratory tract
of these individuals.



278 D. Ramos et al.

Conclusions 7. Pope CA lll. Biomass burning and its effects on health. J Bras
Pneumol. 2004;30:193.

It is concluded that individuals with COPD exposed to 8. Arbex MA, §antos l.Jde P, Martins L.C’ saldiva PH, Pereira LA,

. . . R . Braga AL. Air pollution and the respiratory system. J Bras Pneu-

biomass burning presented increased lung inflammation and mol. 2012:38:643-55.
a reduction in the FEV1/FVC ratio independently of partici- 9. Aksu F, Capan N, Aksu K, Ofluoglu R, Canbakan S, Yavuz B, et al.
pation in a pulmonary rehabilitation program. C-reactive protein levels are raised in stable chronic obstructive
pulmonary disease patients independent of smoking behavior
: : and biomass exposure. J Thorac Dis. 2013;5:414-21.
Ethical disclosures 10. Guarnieri MJ, Diaz JV, Basu C, Diaz A, Pope D, Smith KR, et al.
Effects of woodsmoke exposure on airway inflammation in rural
Protection of human and animal subjects. The authors Guatemalan women. PLoS ONE. 2014:9:88455.
declare that the procedures followed were in accordance 11. Kido T, Tamagawa E, Bai N, Suda K, Yang HH, Li Y, et al.
with the regulations of the relevant clinical research ethics Particulate matter induces translocation of IL-6 from the
committee and with those of the Code of Ethics of the World lung to the systemic circulation. Am J Respir Cell Mol Biol.
Medical Association (Declaration of Helsinki). 2011;44:197-204.
12. Zhou Y, Zou Y, Li X, Chen S, Zhao Z, He F, et al. Lung func-
. sps tion and incidence of chronic obstructive pulmonary disease
Confidentiality of data. The a_‘Uthors declare that they hgve after improved cooking fuels and kitchen ventilation: a 9-year
fgllowed the protocols of their work center on the publica- prospective cohort study. PLoS Med. 2014;11:e1001621.
tion of patient data. 13. Jin Y, He G, Liu F, Hong Y. Quantified study on human health
impact caused by coal-burning air pollution in China. Wei Sheng
Right to privacy and informed consent. The authors have Yan Jiu. 2002;31:342-8.
obtained the written informed consent of the patients or 14. Nici IT’ ZuWallack R.. Chronic obstructive pulmgnary disease-
subjects mentioned in the article. The corresponding author fgﬁ;‘gﬂﬁatciggc‘;‘;t:ﬂn‘gestgﬁaéﬂfzgreﬁggnczﬁ ngé_gz;mgzary
is in possession of this document. 15. Garrod R, Ansley P, Canavan J, Jewell A. Exercise and the
inflammatory response in chronic obstructive pulmonary disease
Financial support (COPD) - does training confer anti-inflammatory properties in
COPD? Med Hypotheses. 2007;68:291-8.
Grant #2012/12901-0, Sao Paulo Research Foundation 16. Santos UP, Gannam 5, Abe JM, ESteve.S PEE’ Freitas F]l.ho M,
- . Wakassa TB, et al. Emprego da determinacao de monoxido de
(FAPESP). FAPES,P had no role in St.Udy design, daFa collec- carbono no ar exalado para a deteccao do consumo de tabaco.
tions and analysis, decision to publish, or preparation of the J Bras Pneumol. 2001;27:231-6.
manuscript. 17. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R,
Coates A, et al. Standardisation of spirometry. Eur Respir J.
: : 2005;26:319-38.
Conflicts of interest 18. Pereira CAdC. Espirometria. J Bras Pneumol. 2002;28:51-82.
19. ATS statement: guidelines for the six-minute walk test. Am J
None declared. Respir Crit Care Med. 2002;166:111-7.
20. Kharitonov SA, Barnes PJ. Exhaled markers of inflammation.
Curr Opin Allergy Clin Immunol. 2001;1:217-24.
Acknowledgement 21. Elassal G, Mamdouh R. Assessment of eotaxin 1 in exhaled
breath condensate of chronic obstructive pulmonary disease
The authors would like to acknowledge the financial support patients. Egypt J Chest Dis Tuberc. 2014;63:67-71.
given by Sao Paulo Research Foundation (FAPESP). 22. Reis GS, Augusto VS, Souza ME, Baldo CF, Rodrigues AJ, Evora
PR. Exhaled breath condensate collection for nitrite dosage: a
safe and low cost adaptation. Acta Cir Bras. 2010;25:206-13.
References 23. Rincon M, Irvin CG. Role of IL-6 in asthma and other inflamma-
tory pulmonary diseases. Int J Biol Sci. 2012;8:1281-90.

1. GOLD. Global strategy for diagnosis, management, and preven- 24. Bucchioni E, Kharitonov SA, Allegra L, Barnes PJ. High levels of
tion of chronic obstructive pulmonary disease. Report; 2017. interleukin-6 in the exhaled breath condensate of patients with
Available at: http://goldcopd.org/gold-2017-global-strategy- COPD. Respir Med. 2003;97:1299-302.
diagnosis-management-prevention-copd/ [accessed 31.1.17]. 25. SA W. Cytokine production by epithelial cells. FASEB J.

2. Kurmi OP, Semple S, Simkhada P, Smith WC, Ayres JG. COPD and 1994;8:1041-7.
chronic bronchitis risk of indoor air pollution from solid fuel: a 26. Damera G, Zhao H, Wang M, Smith M, Kirby C, Jester WF,
systematic review and meta-analysis. Thorax. 2010;65:221-8. et al. Ozone modulates IL-6 secretion in human airway epithe-

3. Hu G, Zhou Y, Tian J, Yao W, Li J, Li B, et al. Risk of lial and smooth muscle cells. Am J Physiol Lung Cell Mol Physiol.
COPD from exposure to biomass smoke: a metaanalysis. Chest. 2009;296:L674-83.
2010;138:20-31. 27. Thorley AJ, Tetley TD. Pulmonary epithelium, cigarette smoke,

4. Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in and chronic obstructive pulmonary disease. Int J Chron Obstruct
non-smokers. Lancet. 2009;374:733-43. Pulmon Dis. 2007;2:409-28.

5. Torres-Duque C, Maldonado D, Perez-Padilla R, Ezzati M, Viegi 28. Celli BR, Locantore N, Yates J, Tal-Singer R, Miller BE, Bakke
G. Biomass fuels and respiratory diseases: a review of the evi- P, et al. Inflammatory biomarkers improve clinical prediction of
dence. Proc Am Thorac Soc. 2008;5:577-90. mortality in chronic obstructive pulmonary disease. Am J Respir

6. WHO. Chronic Respiratory Diseases. Causes of COPD. Avail- Crit Care Med. 2012;185:1065-72.
able at: http://www.who.int/respiratory/copd/causes/en/ 29. de Moraes MR, da Costa AC, Correa KS, Junqueira-Kipnis AP,

[accessed 4.8.16].

Rabahi MF. Interleukin-6 and interleukin-8 blood levels’ poor


http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd/
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0190
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0195
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0200
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0205
http://www.who.int/respiratory/copd/causes/en/
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0215
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0220
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0225
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0230
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0235
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0240
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0245
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0250
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0255
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0260
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0265
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0270
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0275
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0280
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0285
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0290
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0295
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0300
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0305
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0310
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0315
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0320
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325

Effects of exposure to biomass burning

279

30.

31.

32.

33.

association with the severity and clinical profile of ex-smokers
with COPD. Int J Chron Obstruct Pulmon Dis. 2014;9:735-43.
Invernizzi G. Persistence of systemic inflammation in COPD
in spite of smoking cessation. Multidiscip Respir Med.
2011;6:210-1.

Chung KF. Cytokines in chronic obstructive pulmonary disease.
Eur Respir J Suppl. 2001;34:50s-9s.

Mukherjee S, Roychoudhury S, Siddique S, Banerjee M, Bhat-
tacharya P, Lahiri T, et al. Respiratory symptoms, lung function
decrement and chronic obstructive pulmonary disease in pre-
menopausal Indian women exposed to biomass smoke. Inhal
Toxicol. 2014;26:866-72.

Regalado J, Perez-Padilla R, Sansores R, Paramo Ramirez Jl,
Brauer M, Pare P, et al. The effect of biomass burning on

34.

35.

36.

respiratory symptoms and lung function in rural Mexican
women. Am J Respir Crit Care Med. 2006;174:901-5.

Andersen ZJ, Hvidberg M, Jensen SS, Ketzel M, Loft S,
Sorensen M, et al. Chronic obstructive pulmonary disease
and long-term exposure to traffic-related air pollution:
a cohort study. Am J Respir Crit Care Med. 2011;183:
455-61.

Ko FW, Hui DS. Air pollution and chronic obstructive pulmonary
disease. Respirology. 2012;17:395-401.

Fisher JE, Loft S, Ulrik CS, Raaschou-Nielsen O, Hertel
0, Tjonneland A, et al. Physical activity, air pollution,
and the risk of asthma and chronic obstructive pul-
monary disease. Am J Respir Crit Care Med. 2016;194:
855-65.


http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0325
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0330
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0335
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0340
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0345
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0350
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0355
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360
http://refhub.elsevier.com/S2173-5115(17)30067-2/sbref0360

	Effects of exposure to biomass burning on pulmonary inflammatory markers and pulmonary function in individuals with COPD
	Introduction
	Material and methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Financial support
	Conflicts of interest
	Acknowledgement
	References


