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Abstract

Background: The main causes of COPD are tobacco smoking (COPD-TS) and biomass smoke exposure (COPD-BS).
COPD-TS is known to induce changes in adipokines, incretins, and peptide hormones, frequent biomarkers of
inflammation; however, it is unknown if similar changes occur in COPD-BS.

Methods: Clinical and physiological characteristics, and serum concentration of C-peptide, ghrelin, GIP, GLP-1, glucagon,
insulin, leptin, PAI-1, resistin, and visfatin were measured in women with COPD-BS, COPD-TS, and healthy controls.
Data were compared with one-way ANOVA and Tukey’s post hoc test; nonparametric were expressed as median
(interquartile ranges), with Kruskal-Wallis and Dunn’s post-hoc test. Multivariate analysis, age, BMI, MS, and FEV1% pred
with levels of inflammatory mediators in COPD women.

Results: FEV1% pred, FVC% pred, and FEV1/FVC ratio were decremented in COPD. In COPD-TS increased C-peptide,
ghrelin, GIP, GLP-1, and leptin, and reduced glucagon, PAI-1, resistin, and visfatin. In COPD-BS enlarged ghrelin, insulin,
leptin, and PAI-1 comparatively with COPD-TS and control, while C-peptide and GLP-1 relatively with controls; conversely,
glucagon, and resistin were reduced. Multivariate analysis showed association of ghrelin, insulin, PAI-1, and visfatin with BS
exposure.

Conclusions: women with COPD-BS have a distinct profile of adipokines, incretins, and peptide hormones, and
specifically with ghrelin, insulin, PAI-1, and visfatin related to BS exposure.
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Background
Chronic obstructive pulmonary disease (COPD) is an
important cause of global mortality. Tobacco smoking
(TS) is the primary cause of COPD, yet, chronic exposure
to biomass smoke (BS), mainly wood smoke, is the second
risk factor [1]. The clinical profile of COPD associated
with BS (COPD-BS) exposure, and its prognostic factors

were recently described [2]. COPD-BS has remarkable
pathophysiological differences compared to COPD associ-
ated with tobacco smoking (COPD-TS) [3, 4]. Patients
with COPD-BS are commonly women, older than 65
years, shorter compared with patients with COPD-TS [2–
4]. It is pertinent notes that in Mexico women tend to be
more exposed to BS than men, due to them prepared the
meals, as a domestic role. In pathophysiological studies,
women with COPD-BS experience airway disease, with
persistent cough, dyspnea, phlegm, airway thickening, air
trapping, and cor pulmonale in more advanced stages [5–
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7], yet, they rarely present severe airflow obstruction, low
diffusing capacity or lung emphysema, which are common
features of COPD-TS [8]. Given these differences, it is rea-
sonable to assume that COPD-BS and COPD-TS could
express different patterns of metabolic biomarkers.
Type 2 diabetes mellitus (T2DM) and hyperinsulinemia

are frequent COPD comorbidities. Pre-existing and inci-
dent T2DM have been associated with worse outcomes in
COPD-TS [9].
Adipokines play an important role in the development

of metabolic pathologies, such as metabolic syndrome
(MS) and T2DM [10, 11]; thus monitoring adipokines in
serum and BAL fluid could be useful to predict metabolic
complications in patients with COPD [12].
Varieties of metabolic and inflammatory mediators of

T2DM, as well as dysregulation of adipokines due to a
metabolically active adipose tissue, are associated with
COPD-TS [9, 13]; however, it is not known if the same
pattern occurs in COPD-BS.
We hypothesized COPD-BS represent a metabolically

different phenotype to COPD-TS. Consequently, we focus
our analysis in compare the concentration of adipokines,
incretins, and peptide hormones in COPD-BS, COPD-TS,
and in a healthy women control group; in addition, a
multivariate analysis was perform to associate age, BMI,
MS, and FEV1% pred with the level of inflammatory
mediators in COPD-BS.

Methods
Study population
Women with clinical and functional diagnosis of COPD
were recruited at the COPD clinic of the Instituto
Nacional de Enfermedades Respiratorias Ismael Cosío
Villegas (INERICV) in Mexico City, from May 2014 to
May 2017. The diagnosis of COPD was established by
post-bronchodilator pulmonary function tests, including
the percent predicted forced expiratory volume in the
1st second (FEV1% pred), percent predicted FVC (FVC%
pred), and FEV1/FVC < 70% [1]. COPD was classified
according to exposure histories; we recruited half of the
women with BS exposure, and the remaining with TS
exposure. A group of healthy females (n = 70) without
history of TS or BS or any other disease were recruited
as the control group.
Demographic, anthropometric, and clinical data were

collected, including the history of TS (> 10 pack-years),
cumulative exposure to BS was expressed as hour-years,
and average hours/day multiplied by the number of
years, by clinical interview and a standardized Spanish
version of the American Thoracic Society questionnaire
[1, 14, 15]; supplemented by additional questions directly
related to cooking fuels. None of the COPD women re-
ported exposure to BS or TS over the last 10 years.
Wood was the fuel used for cooking in all COPD-BS;

none was a smoker. We excluded subjects with a history of
other chronic pulmonary conditions such as asthma, tuber-
culosis or bronchiectasis, or any other non-pulmonary dis-
ease. None of the controls or patients recruited reported
cardiovascular CV diseases or T2DM. None of the women
with COPD was exposed to BS or TS the last 10 years.
Subjects with COPD-BS were matched one-to-one with

subjects with COPD-TS by the FEV1% pred. Patients with
COPD were clinically stable and without exacerbation for
at least 6 weeks prior to the study. We defined a control
group which included women with no COPD and without
exposure to either tobacco smoke or biomass, to provide a
group to which both COPD-BS and COPD-TS could be
compared too.

Pulmonary function tests
Pre- and post-bronchodilation spirometry was per-
formed in all women following the procedures recom-
mended by the American Thoracic Society/European
Respiratory Society [1], with a dry rolling-seal volume
spirometer (Sensormedics, Yorbalinda, CA), and using
Mexican standard reference equations [15, 16].

Blood samples
Serum was obtained from whole blood in all women;
samples were centrifuged (5000×g, 4 °C) in tubes with-
out EDTA. Serum was kept at − 20 °C until analysis. Adi-
pokines were measured following standard procedures at
the hospital, which included morning only bleeding with
at least 8 h of fasting.

Inflammatory biomarkers measure
C-peptide, ghrelin, GIP, GLP-1, glucagon, insulin, leptin,
PAI-1, resistin, and visfatin were measured with the com-
mercial kit Bio-Plex Pro™, Human Diabetes Assays (Bio-Rad
Laboratories Inc., Hercules, CA, USA) according the
specifications of fabricant. Concentrations were expressed
as median (interquartile ranges) of ng/ml in serum.

Statistical analysis
Continuous demographic and clinical data were
expressed as mean and standard deviation, and groups
were compared with a one-way ANOVA and Tukey’s
post hoc test. Concentrations of biomarkers of T2DM
(nonparametric data) were expressed as median (inter-
quartile ranges), and were analyzed with Kruskal-Wallis
followed by Dunn’s post-hoc test.
Data of serum concentration were expressed as ng/ml or

Ln (logarithmic natural) function of ng/ml. GraphPad Prism
(v 6.1 GraphPad Software, Inc., San Diego, CA, USA).
Multivariate analysis was performing to associate age,

BMI, MS, and FEV1% pred, using the XLSTAT 2016.5
Addinsoft; a P < 0.05 was considered statistically
significant.
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Results
Patient characteristics
Clinical data from healthy and COPD subjects are shown
in Table 1. Women in the COPD-BS group were older
than those in the COPD-TS and control groups. Women
in the COPD-TS group were taller than women in the
COPD-BS and control groups. Mean exposure to BS was
361 ± 177 h-years, and 7.17 ± 2.56 h-days; whereas in TS
was a mean cumulative consumption of tobacco of 37.28
± 11.43 pack-years compared to normal participants.
COPD patients had a lower FEV1% pred, FVC% pred and
FEV1/FVC ratio; no significant differences between COPD
groups were observed. C-reactive protein (CRP) was ele-
vated in both COPD groups compared to controls; serum
glucose was higher in COPD-BS compared with COPD-TS
and controls (Table 1). From the total of women with
COPD-BS, 48 were in GOLD stage I-II, 22 in GOLD-stage

III-IV; while from women with COPD-TS 32 were in
GOLD-stage I-II and 38 in stage GOLD stages III-IV.

Serum concentration of adipokines, incretins and peptide
hormones
Table 2 presents median (interquartile ranges) for inflam-
matory mediators for COPD-BS, COPD-TS and controls.
Compared to controls, patients with COPD had higher
C-peptide, ghrelin, GLP-1 and leptin, and lower glucagon
and resistin; for PAI-1 and visfatin COPD-TS had lower
and COPD-BS higher concentrations than controls. Pa-
tients with COPD-BS had higher ghrelin, insulin, leptin,
PAI-1, and visfatin than patients with COPD-TS (Table 2).
Comparative data of serum concentration of inflammatory
mediators expressed as natural log (Ln) of ng/ml, between
groups of study are shown in Figs. 1, 2, 3, 4 and 5.

Table 1 Demographics, physiological and clinical characteristics in women with and without COPD associated with TS and BS, and
control healthy women. n = 70

C COPD-TS COPD-BS

Characteristics

Age (years) 67.26 ± 7.32 6.62 ± 7.79** 73.77 ± 7.46**/**

Height (cm) 147 ± 5.6 155.14 ± 7.92**/** 146.24 ± 5.28/**

Weight (kg) 58 ± 11 63.49 ± 13.52* 57.78 ± 11.68

BMI (kg/m2) 26 ± 6 26.52 ± 6.13 27.5 ± 5.28

Exposure and physiological characteristics

Tobacco index (pack-years) 0 37.28 ± 11.43 0

Biomass index (h-years of exposure) 0 0 361 ± 177

Exposure to biomass smoke (h-days) 0 0 7.17 ± 2.56

FEV1% pred 96.91 ± 13.36 52.40 ± 19.92*** 58.40 ± 14.80*

FVC% pred 109.8 ± 9.1 79.49 ± 20.86* 83.10 ± 16.62*

FEV1/FVC ratio 92 ± 9.6 53.38 ± 12.62*** 56.87 ± 12.11*

BODE 0 3.45 ± 2.86 2.91 ± 1.94

6MWT (m) 0 286.47 ± 174.23 318.91 ± 102.99

Clinical parameters

PaO2 (mm/Hg) 0 55.18 ± 14.65 55.1 ± 1.94

PaCO2 (mm/Hg) 0 40.88 ± 11.83 33.95 ± 5.62

SaO2 (%) 0 89.54 ± 4.19 89.16 ± 4.03

Glucose 95.0 ± 10.0 101.86 ± 24.5 109.94 ± 28.49**

C-reactive protein 0.28 ± 0.32 0.56 ± 0.62** 0.50 ± 0.51**

GOLD grades Case number (%)

I 0 5 (8.57) 7 (10)

II 0 27 (38.57) 41 (58.57)

III 0 23 (32.86) 16 (22.86)

IV 0 15 (21.43) 6 (8.57)

Data are expressed as mean ± SD. Definition of abbreviations: BMI, body mass index; FEV1% pred, forced expiratory volume in the 1st sec (% predicted); FVC%
pred, forced vital capacity (% predicted). Data were analyzed by one-way ANOVA and Tukey’s post hoc test. * P < 0.0001. ** P < 0.01. *** P < 0.05. * vs Control; /*
COPD-BS vs COPD-TS
Abbreviations: BMI body mass index, COPD-BS COPD by biomass smoke exposure, COPD-TS COPD secondary to tobacco smoking, FEV1% pred forced expiratory
volume in the 1st sec (% predicted), FVC% pred forced vital capacity (% predicted)
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Multivariate analysis
Table 3 presents the results of the multivariate analysis
of serum concentration of adipokines, incretins and pep-
tide hormones, and the source of exposure of COPD;
adjusted for age, BMI, FEV1% pred, and metabolic syn-
drome (MS). Analysis shows that higher concentrations
of ghrelin, insulin, PAI-1 have association with BS
exposure (Table 3; P < 0.05).

Discussion
The main finding of this study is that women with
COPD-BS compared with COPD-TS have a distinct
serum profile of systemic inflammatory mediators associ-
ated with of T2DM. Our analysis was restricted to women
because women in Mexico tend to be more exposed to BS
than men because them prepared meals, as a domestic
role; therefore is very hard for men to develop COPD for

this cause. COPD women have an inflammation profile
that is higher to the normal controls, as is evidenced by
higher plasma CRP; additionally, COPD-BS higher glucose
than COPD-TS and controls; which can be accompanied
by several inflammatory mediators, such as adipokines,
incretins, and peptide hormones. This is dates back up
the, multivariate analysis which showed an association of
ghrelin, insulin, leptin, PAI-1, and visfatin with the expos-
ure to BS; which support the fact about COPD-BS and
COPD-TS could represent different phenotypes of COPD
[3, 4]. It is important to note that in this study most of our
patients are hypoventilators and hypoxemic, all women
showed a FEV1% pred due to the height of Mexico City
(2200m above sea level).
Considering that the BMI showed no difference between

the groups of COPD, it might evidence that BMI in not
determinant to the develop of systemic inflammation in

Table 2 Serum concentration of inflammatory mediators associated with T2DM in women with and without COPD by TS, BS and
healthy control women. n = 70

Inflammatory mediator Control COPD-TS COPD-BS

C-peptide 0.103 (0.072–0.190) 0.614 (0.333–0.864)* 0.400 (0.251–0.730)*

Ghrelin 0.026 (0.016–0.560) 0.066 (0.035–0.123)* 0.296 (0.082–0.397)*/*

GIP 0.053 (0.038–0.097) 0.092 (0.046–0.164)*** 0.073 (0.060–0.090)

GLP-1 0.026 (0.020–0.036) 0.062 (0.044–0.086)* 0.070 (0.060–0.090)*

Glucagon 0.189 (0.076–0.256) 0.100 (0.055–0.139)* 0.110 (0.090–0.133)*

Insulin 0.163 (0.077–0.294) 0.226 (0.140–0.452) 0.485 (0.208–0.743)*/**

Leptin 0.706 (0.264–1.131) 1.737 (0.524–3.239)** 2.96 (1.033–6.720)*/***

PAI-1 15.080 (10.01–19.71) 9.628 (4.626–17.57)*** 23.24 (13.64–28.56)*/*

Resistin 0.352 (0.140–0.506) 0.103 (0.207–0.680)*** 0.065 (0.097–0.748)*

Visfatin 0.617 (0.508–1.012) 0.253 (0.127–0.423)* 0.817 (0.360–1.490) /*

All measures are expressed in ng/ml. Serum concentration of biomarkers are presented as median (interquartile ranges). * P < 0.0001. ** P < 0.01. *** P < 0.05. * vs
control; /* COPD-BS vs COPD-TS
Abbreviations: BS biomass smoke exposure, GIP gastric inhibitory polypeptide, GLP-1 glucagon-like peptide-1, PAI-1 plasminogen activator inhibitor-1, TS tobacco
smoking, T2DM type 2 Diabetes mellitus

Fig. 1 Serum C-peptide and insulin were higher in women with COPD compared with healthy control women (C); but also were greater in
COPD-BS related COPD-TS. Data are expressed as natural log (Ln) of ng/ml of C-peptide (a), and insulin (b) in serum. Kruskal-Wallis follow by
Dunn’s post hoc test using the GraphPad Prism (v 6.1 GraphPad Software, Inc., San Diego, CA, USA). * P < 0.0001. ** P < 0.01
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COPD-BS; thus, the role of ghrelin, insulin, leptin, PAI-1,
and visfatin in women exposed to BS seems take an im-
portant physiopathogenic role in the develop of systemic
inflammation in COPD in this women.
Women with COPD-BS experimented hyperinsulinemia,

and potentially an increased risk of developing metabolic
complications, such as MS and T2DM [9, 13], playing a
crucial role in the reduction of lung function as has been
observed in patients presenting COPD and diabetes [17].
Like this, the regulation of glycaemia might be associated
with the increment of several of the metabolic and inflam-
matory biomarkers studies here; and related with the
hypertrophic adipose tissue, which function as an endo-
crine organ hypersecretor of adipokines [3, 4, 13, 18]. Add-
itionally, in states of hyperinsulinemia and hyperglycemia
is favored the risk of progression to cardiovascular disease,

atherogenesis, vascular endothelial dysfunction and skeletal
muscle weakness, in patients with T2DM and COPD-TS
[19, 20]. Condition which hyperinsulinemia may contribute
to vascular dysfunction in patients with COPD, maybe as
part of the prevalence of systemic inflammation, such as
have been documented in patients with COPD-TS [21, 22].
Thus, this risk of maintaining the systemic inflammation
and develop cardiovascular diseases, seems be more signifi-
cant in women with COPD-BS than COPD-TS, especially
since were C-peptide and insulin are higher in women with
COPD-BS. The respiratory epithelia may be affect by the
hyperinsulinemia and hyperglycemia, but especially in
people with T2DM; where hyperglycemia spend a signifi-
cant proportion of each day with glucose in their airways
secretions, supporting the hyperinsulinemia and insulin
resistance [23, 24].

Fig. 2 Serum levels of ghrelin and the incretin GLP-1 were greater in women with COPD related to healthy control; ghrelin was also higher in
COPD-BS than COPD-TS. Data are expressed as natural log (Ln) of ng/ml of ghrelin (a), and incretin GLP-1 (b) in serum. Kruskal-Wallis follow by
Dunn’s post hoc test using the GraphPad Prism (v 6.1 GraphPad Software, Inc., San Diego, CA, USA). * P < 0.0001. ** P < 0.01

Fig. 3 Serum levels of glucagon and resistin were decremented in women with COPD related to healthy control women. Data are expressed as
natural log (Ln) of ng/ml glucagon (a), and resistin (b) in serum. Kruskal-Wallis follow by Dunn’s post hoc test using the GraphPad Prism (v 6.1
GraphPad Software, Inc., San Diego, CA, USA). * P < 0.0001. *** P < 0.05
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The Framingham Heart Study documented an associ-
ation between glycemic state and reduced lung function
[25]; thus, as was cited previously high glucose concentra-
tions, can lead to an enhanced responsiveness of human
airway smooth muscle, but especially in those which the
respiratory diseases and T2DM are presented altogether
[17]. In a study was shown that plasma glucose levels 2 h
after oral administration of glucose (75 g) was inversely
related to FEV1% pred [26], supporting thus the fact about
women with COPD-BS have major risk to affectation in
airways than lung parenchyma.
On the other hand, high levels of adiponectin and ghrelin

may have an anti-inflammatory effect, such as have been
reported that in male with low BMI with severe-to-very

severe COPD-TS; however, when BMI is higher the
increment in ghrelin seems not be enough to sustenance
an anti-inflammatory state, that might contrarested the
proinflammatory effect of insulin [27].
Our data also support the role of visfatin as an adipo-

kine that favors the prevalence of systemic inflamma-
tion, impairing in the pulmonary diffusing capacity, and
decline in the pulmonary function; which was higher in
COPD-BS women, and might be responsible, in part, of
the systemic inflammatory effect induced by visceral
adipose tissue, that is the more pernicious subcutane-
ous adipose tissue. Visfatin was reported higher in
plasma of COPD-TS, associated as a proinflammatory
molecule in the pathogenesis of emphysematous COPD,

Fig. 4 Leptin incremented in serum of COPD-TS and COPD-BS, while visfatin decremented in women with COPD-BS relatively to control women.
Data are expressed as natural log (Ln) of ng/ml glucagon (a), and resistin (b) in serum. Kruskal-Wallis follow by Dunn’s post hoc test using the the
GraphPad Prism (v 6.1 GraphPad Software, Inc., San Diego, CA, USA). * P < 0.0001. ** P < 0.01

Fig. 5 The incretin GIP augmented in serum of COPD-TS, while PAI-1 in both COPD-TS and COPD-BS compared with healthy control women.
PAI-1 augmented in COPD-BS respect to COPD-TS. Data are expressed as natural log (Ln) of ng/ml GIP (a) and PAI-1 (b) in serum. Kruskal-Wallis
follow by Dunn’s post hoc test using the GraphPad Prism (v 6.1 GraphPad Software, Inc., San Diego, CA, USA). * P < 0.0001. ** P < 0.01
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and negatively correlates with pulmonary diffusing
capacity [28].
The increase in leptin in COPD patients was previ-

ously reported for TS exposure. Leptin is known as a
proinflammatory adipokine, secreted by the white adi-
pose tissue, and considered crucial for the development
of hypertension in obesity. Which sustenance the fact of
the higher risk in COPD-BS women, whom might have
a major risk of develop T2DM and hypertension [29].
Similar to the NHANES III study, serum leptin did not

show any with COPD-TS with different severities [30].
Other studies suggest that leptin plays a role in respiratory
immune responses and inflammation in COPD-TS, even
though there was not difference among patients with
COPD-TS and controls [31]. Additionally, serum leptin
increment was significantly associated with systemic
inflammation during phase of exacerbation, and higher
levels of leptin (and IL-6) in lungs and serum were associ-
ated with the severity of COPD-TS in patients and in rat
models [31, 32].
Leptin plays a key role in the regulation of energy

homeostasis; increasing evidence suggests that it is also
critical for glycemic control, acting as a potential mediator
to normalize glycaemia in states of uncontrolled insulin-
deficient diabetes [33]. However in women with COPD-BS
were observed higher levels of insulin and leptin, which
seems not be enough to diminish hyperinsulinemia and
hyperglycemia, which the high risk of develop T2DM and
other pathogenic effects is maintained [34].
Related to PAI-1, it is relevant indicate that our data

confirm the presence of high serum levels of this protein
in COPD-TS compared controls [35]. Nevertheless, we
found higher levels of PAI-1 in COPD-BS compared
with COPD-TS and control women, which mark an
important difference in the pathogenic mechanism of
COPD, due to PAI-1 is involved in fibrinolysis and turn-
over of all the molecules of extracellular matrix (ECM).
PAI-1 is the chief inhibitor of fibrinolysis that has been
strongly associated with thrombosis, obesity, dyslipid-
emia, insulin resistance, and premature aging, which are
parallel circumstances in COPD, but also with the
extra-pulmonary manifestations in COPD [36].
In a study of COPD-TS including patients of both

gender, PAI-1 was significantly increased, exhibiting an
important role in inflammation, ECM turnover, TIMP-1
activity; but showing an inverse correlation with FEV1%
pred and, FEV1/FVC ratio, and a positive correlation with
CRP. Additionally, with a multivariable linear study
showed that FEV1/FVC, CRP, and TIMP-1 were inde-
pendent parameters associated with PAI-1 [35]; therefore,
the increment of serum concentration of PAI-1 is critical
to COPD-TS pathogenesis. Also in COPD-BS, where were
registered higher serum level than COPD-TS, as other fact
distinctive in COPS-BS.

It is relevant indicate that the severity and systemic
manifestations of COPD, could be influence by many
factors, including genetic factors, characteristics of ex-
posure to TS or BS, personal habits, and socioeconomic
status. Thus, to determine the possible causes of the in-
crement of the peptide hormones, adipokines, and incre-
tins, and consequently, the possible develop of T2DM in
COPD; multivariable analysis was assessed to know if it
really was the exposure to biomass responsible for the
changes observed in petidic hormones, adipokines and
incretins, the variables were: FEV1% pred, age (years),
BMI, and biomarkers of MS and T2DM.
Revealing that only ghrelin, insulin, PAI-1, and visfatin

displayed an association with the BS exposure; which is
relevant because these molecules participate in the gly-
cemic status, and also in the maintaining of hyperinsuli-
nemia; supporting the fact of confer a high risk develop
T2DM in those women with COPD-BS.
Related to gender susceptibility to develop COPD, it has

been reported that women are more susceptible to smok-
ing effects than men [37]. In this way, several biological dif-
ferences relative to gender difference have been revised
recently [38]; including socio-economic status, genetic pro-
file associated with X chromosome, and history of expos-
ure as a domestic role at home. Thus, our results support
the presence of a different phenotype of COPD-BS women
relative to COPD-TS, exhibiting a hyperglycemia, hyperin-
sulinemia, and consequently a major risk of develop
T2DM, and the effect that will probable this comorbidity
involves.
The dysregulation of adipokines, incretins and peptide

hormones, sustenance the fact that prevalence of systemic
and pulmonary inflammation represent a major factor to
de develop of COPD and eventually the presence of
T2DM, and this in both types of COPD [10, 35].
The study has several limitations that have to be taken

into account. Pairing by FEV1%p and level of airflow ob-
struction was successful. Adjusting multivariate analysis
by age, BMI, MS, and FEV1% pred with levels of inflam-
matory mediators in COPD women with COPD-BS, may
not completely indicate the only the responsible factors of
the differences in inflammation and hyperinsulinemia,
which also may be still due to differences in body compos-
ition. Results support our hypothesized about women with
COPD-BS have different biomarkers of T2DM compared
with COPD-TS, especially ghrelin, insulin, PAI-1, and
visfatin, which were associated with the exposure to BS.
Our data have a similitude with the study of Ho TW

and cols (9), whom strongly demonstrated in a wide
cohort of Male gender patients with COPD presenting
diverse comorbidities, that T2DM was the prevalent
comorbidity when COPD was diagnostic, suggesting that
targeted surveillance and management of DM are import-
ant in clinical care of the COPD population; accordingly,
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our data support the fact about women exposed to BS also
showed T2DM as an important comorbidity.

Conclusions
Findings showed that women with COPD-BS have distinct
profile of adipokInes, incretins, and peptide hormones,
with hyperinsulinemia and hyperglycemia, compared with
women with COPD-TS, which might confer a major risk
of develop T2DM in these women, being it supported
especially by the increment in ghrelin, insulin, PAI-1, and
visfatin, which were associated with the exposure to BS.

Abbreviations
BMI: Body mass index; BMI: body mass index; BS: biomass smoke exposure;
BS: biomass smoke exposure; COPD: Chronic obstructive pulmonary disease;
COPD-BS: COPD associated with biomass smoke exposure; COPD-TS: COPD
associated with tobacco smoking; CRP: C-reactive protein; FEV1%
pred: forced expiratory volume in the 1st sec (% predicted); FVC%
pred: forced vital capacity (% predicted); GIP: gastric inhibitory polypeptide;
GIP: gastric inhibitory polypeptide; GLP-1: glucagon-like peptide-1; GLP-
1: glucagon-like peptide-1; MS: Metabolic syndrome; PAI-1: plasminogen
activator inhibitor-1; T2DM: type 2 diabetes mellitus; TS: tobacco smoking

Acknowledgements
Not applicable.

Funding
This research was supported by the Consejo Nacional de Ciencia y
Tecnología (CONACyT), México; grant number: FOSISS; SALUD-2016-1-
272301.

Availability of data and materials
Please contact the corresponding author for data requests.

Authors’ contributions
CR, OPB, and MM conceived and designed the experiments. CR, JZR, IBR,
MCP, MM, OPB, RPP, TBG, YVT, conducted the experiments, participated in
the data acquisition, analysis and interpretation, and the statistical analysis.
All authors read and approved the final manuscript.

Ethics approval
The study was approved by the Scientific, Bioethics and Biosecurity
Committees of the Instituto Nacional de Enfermedades Respiratorias Ismael
Cosío Villegas (INERICV); all participants received complete information about
the study and provided informed consent. Protocol number INERICV: B15–15.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Departamento de Investigación en Tabaquismo y EPOC, Instituto Nacional
de Enfermedades Respiratorias Ismael Cosío Villegas (INERICV), Ciudad de
México, Mexico. 2Departamento de Investigación en Fibrosis Pulmonar,
Instituto Nacional de Enfermedades Respiratorias Ismael Cosío Villegas
(INERICV), Talpan 4502, C.P. 14080 Ciudad de México, Mexico. 3Laboratorio de
Inmunobiología y Genética, Instituto Nacional de Enfermedades Respiratorias
Ismael Cosío Villegas (INERICV), Ciudad de México, Mexico. 4Centro de
Investigación en Salud Poblacional, Instituto Nacional de Salud Pública
(INSP), Cuernavaca, Morelos, Mexico. 5Doctorado en Ciencias Biológicas y de

la Salud, Universidad Autónoma Metropolitana-Xochimilco (UAMX), Ciudad
de México, Mexico.

Received: 9 August 2018 Accepted: 19 November 2018

References
1. Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2018.

Available from: https://goldcopd.org/gold-reports/
2. Ramírez-Venegas A, Sansores RH, Pérez-Padilla R, et al. Survival of patients

with chronic obstructive pulmonary disease due to biomass smoke and
tobacco. Am J Respir Crit Care Med. 2006;173:393–7.

3. Pérez-Padilla R, Ramirez-Venegas A, Sansores-Martinez R. Clinical
characteristics of patients with biomass smoke-associated COPD and
chronic bronchitis, 2004-2014. Chronic Obstr Pulm Dis. 2014;1:23–32.

4. Camp PG, Ramirez-Venegas A, Sansores RH, Alva LF, McDougall JE, Sin DD,
Paré PD, Müller NL, Silva CI, Rojas CE, Coxson HO. COPD phenotypes in
biomass smoke-versus tobacco smoke-exposed Mexican women. Eur Respir
J. 2014;43:725–34.

5. Hutton G, Rehfuess E, Tediosi F, Weiss S. Evaluation of the costs and
benefits of household energy and health interventions at global and
regional levels: summary. Geneva: World Health Organization; 2006.

6. Eisner MD, Anthonisen N, Coultas D, et al. An official American Thoracic
Society public policy statement: novel risk factors and the global
burden of chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 2010;182:693–718.

7. Smith KR, Samet JM, Romieu I, Bruce N. Indoor air pollution in developing
countries and acute lower respiratory infections in children. Thorax. 2000;
55:518–32.

8. Saha A, Kulkarni PK, Shah A, Patel M, Saiyed HN. Ocular morbidity and fuel
use: an experience from India. Occup Environ Med. 2005;62:66–9.

9. Ho TW, Huang CT, Ruan SY, Tsai YJ, Lai F, Yu CJ. Diabetes mellitus in
patients with chronic obstructive pulmonary disease-the impact on
mortality. PLoS One. 2017;12(4):e0175794.

10. Kim JY, van de Wall E, Laplante M, Azzara A, Trujillo ME, Hofmann SM,
Schraw T, Durand JL, Li H, Li G, Jelicks LA, Mehler MK, Hui DY, Deshaies Y,
Schulmsn GL, Schwartz GL, Scherer PE. Obesity-associated improvements in
metabolic profile through expansion of adipose tissue. J Clin Invest. 2007;
117:2621–37.

11. Deng Y, Scherer PE. Adipokines as novel biomarkers and regulators of the
metabolic syndrome. Ann N Y Acad Sci. 2010;1212:E1–E10.

12. Naik D, Joshi A, Paul TV, Thomas N. Chronic obstructive pulmonary disease
and the metabolic syndrome: consequences of a dual threat. Indian J
Endocrinol Metab. 2014;18:608–16.

13. Weber KS, Nowotny B, Strassburger K, Pacini G, Müssig K, Szendroedi J,
Herder C, Roden M, GDS Group. The role of markers of low-grade
inflammation for the early time course of glycemic control, glucose
disappearance rate, and β-cell function in recently diagnosed type 1 and
type 2 diabetes. Diabetes Care. 2015;38:1758–7.

14. Menezes AM, Victoria CG, Pérez-Padilla R, PLATINO Team. The Platino
project: methodology of a multicenter prevalence survey of chronic
obstructive pulmonary disease in major Latin American cities. BMC Med Res
Methodol. 2004;4:15.

15. Pérez-Padilla JR, Regalado-Pineda J, Vázquez-García JC. Reproducibility of
spirometry in Mexican workers and international reference values. Salud
Publica Mex. 2001;43:113–21.

16. Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values rom a
sample of the general U.S. population. Am J Respir Crit Care Med. 1999;159:
179–87.

17. Cazzola M, Calzetta L, Rogliani P, Lauro D, Novelli L, Page CP, Kanabar V,
Matera MG. High glucose enhances responsiveness of human airways
smooth muscle via the rho/ROCK pathway. Am J Respir Cell Mol Biol.
2012;47:509–16.

18. Garcia-Rio F, Miravitlles M, Soriano JB, Muñoz L, Duran-Tauleria E, Sánchez G,
Sobradillo V, Ancochea J. EPI-SCAN steering committee. Systemic
inflammation in chronic obstructive pulmonary disease: a population-based
study. Respir Res. 2010;11:63.

19. Bolton CE, Evans M, Ionescu AA, Edwards SM, Morris RHK, Dunseath G, Luzio
SD, Owens DR, Shale DJ. Insulin resistance and inflammation-a further
systemic complication of COPD. COPD. 2007;4:121–6.

Pérez-Bautista et al. Respiratory Research          (2018) 19:239 Page 9 of 10

https://goldcopd.org/gold-reports/


20. Urban MH, Ay L, Funk GC, Burghuber OC, Eickhoff P, Wolzt M, Valipour A.
Insulin resistance may contribute to vascular dysfunction in patients with
chronic obstructive pulmonary disease. Wien Klin Wochenschr. 2014;26:106–12.

21. Wells CE, Polkey MI, Baker EH. Insulin resistance is associated with skeletal
muscle weakness in COPD. Respirology. 2016;21:689–96.

22. Wang TN, Chang WT, Chiu YW, Lee CY, Lin KD, Cheng YY, Su YJ, Chung HF,
Huang MC. Relationships between changes in leptin and insulin resistance
levels in obese individuals following weight loss. Kaohsiung J Med Sci. 2013;
29:436–43.

23. Manco M, Panunzi S, Macfarlane DP, Golay A, Melander O, Konrad T, Petrie
JR, Mingrone G. One-hour plasma glucose identifies insulin resistance and
beta-cell dysfunction in individuals with normal glucose tolerance: cross-
sectional data from the relationship between insulin sensitivity and
cardiovascular risk (RISC) study. Diabetes Care. 2010;33:2090–7.

24. Yang G, Li C, Gong Y, Fang F, Tian H, Li J, Cheng X. Assessment of insulin
resistance in subjects with normal glucose tolerance, hyperinsulinemia with
normal blood glucose tolerance, impaired glucose tolerance, and newly
diagnosed type 2 diabetes (prediabetes insulin resistance research). J
Diabetes Res. 2016;2016:9270768.

25. Walter RE, Beiser A, Givelber RJ, O’Connor GT, Gottlieb DJ. Association
between glycemic state and lung function: the Framingham HeartStudy.
Am J Respir Crit Care Med. 2003;167:911–6.

26. McKeever TM, Weston PJ, Hubbard R, Fogarty A. Lung function and glucose
metabolism: an analysis of data from the third national healthand nutrition
examination survey. Am J Epidemiol. 2005;161:546–56.

27. Uzum AK, Aydin MM, Tutuncu Y, Omer B, Kiyan E, Alagol F. Serum ghrelin
and adiponectin levels are increased but serum leptin level is unchanged in
low weight chronic obstructive pulmonary disease patients. Eur Iinter Med.
2014;25:364–9.

28. Leivo-Korpela S, Lehtimäki L, Hämälainen M, Vuolteenaho K, Kööbi L,
Järvenpää R, Kankaanranta H, Saarelainen S, Moilanen E. Adipokines NUCB2/
nesfatin-1 and visfatin as novel inflammatory factors in chronic obstructive
pulmonary disease. Mediat Inflamm. 2014;2014:232167.

29. Bravo PE, Morse S, Borne DM, Aguilar EA, Reisin E. Leptin and hypertension
in obesity. Vasc Health Risk Manag. 2006;2:163–9.

30. Sueblinvong V, Liangpunsakul S. Relationship between serum leptin and chronic
obstructive pulmonary disease in US adults: results from the third National
Health and nutrition examination survey. J Investig Med. 2014;62:934–47.

31. G K, Kostikas K, Papatheodorou G, Koutsokera A, Gourgoulianis KI, Roussos C,
Koulouris NG, Loukides S. Plasma leptin and adiponectin in COPD exacerbations:
associations with inflammatory biomarkers. Respir Med. 2010;104:40–6.

32. Liang R, Zhang W, Song YM. Levels of leptin and IL-6 in lungs and blood
are associated with the severity of chronic obstructive pulmonary disease in
patients and rat models. Mole Med Rep. 2013;7:1470–6.

33. Meek TH, Morton GJ. The role of leptin in diabetes: metabolic effects.
Diabetologia. 2016;59:928–32.

34. Vitsas V, Matina K, Aliki V, Antonia K, Pinelopi M, Stylianos O, Georgios T,
Anastasia K. Biomarkers in COPD-the role of resistin and leptin. Eur Respir J.
2015;46:PA691. https://doi.org/10.1183/13993003.congress-2015.PA691.

35. Wang H, Yang T, Li D, Wu Y, Zhang X, Pang C, Zhang J, Ying B, Wang T,
Wen F. Elevated circulating PAI-1 levels are related to lung function decline,
systemic inflammation, and small airway obstruction in chronic obstructive
pulmonary disease. Int J Chron Obstruct Pulmon Dis. 2016;11:2369–76.

36. Waschki B, Watz H, Holz O, Magnussen H, Olejnicka B, Tobias W, Rabe KF,
Janciauskiene S. Plasminogen activator inhibitor-1 is elevated in patients
with COPD independent of metabolic and cardiovascular function. Int J
Chron Obstruct Pulmon Dis. 2017;12:981–7.

37. Sørheim IC, Johannessen A, Gulsvik A, Bakke PS, Silverman EK, DeMeo DL.
Gender differences in COPD: are women more susceptible to smoking
effects than men? Thorax. 2010;65:480–5.

38. Sansores RH, Ramírez-Venegas A. COPD in women: susceptibility or
vulnerability? Eur Respir J. 2016;47:19–22.

Pérez-Bautista et al. Respiratory Research          (2018) 19:239 Page 10 of 10

https://doi.org/10.1183/13993003.congress-2015.PA691

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Pulmonary function tests
	Blood samples
	Inflammatory biomarkers measure
	Statistical analysis

	Results
	Patient characteristics
	Serum concentration of adipokines, incretins and peptide hormones
	Multivariate analysis

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

