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Abstract

Introduction:  Asthma  is one of  the  diseases  which  has a high  prevalence  in  developed  and

developing  countries.  The  relationship  between  asthma  and  obesity  has  always  been  focused

by researchers.  In  this  field,  adipokines,  especially  adiponectin  and  leptin  have  highly  attended

by the  scientist.  The  aim  of  this  study  was  to  determine  the serum  level  of  adiponectin,  leptin

and the  leptin/adiponectin  ratio  in  asthmatic  patients  and  its  relationship  with  disease  severity,

lung function  and BMI  (body  mass  index).

Methods:  In  this  cross-sectional  study,  90  asthmatic  women  admitted  to  the  tertiary  referral

hospital in  Kurdistan  province  ---  Iran,  were  examined.  First,  BMI  was  measured  and  then  pul-

monary  function  tests  were  performed  in  all  asthmatics  patient.  Forced  expiratory  volume  in 1 s

(FEV1), forced  vital  capacity  (FVC),  and  FEV1/FVC,  were  measured.  At  the  end,  blood  samples

were collected  and  serum  level  of  adiponectin  and  leptin  were  measured  by  ELISA  method.

Result: Serum  leptin  and  leptin/adiponectin  levels  correlated  positively  with  asthma  severity

and BMI  (p  =  0.0001),  but  there  was  no correlation  between  adiponectin  level  with  asthma

severity and  BMI  (p  >  0.05),  also  serum  leptin  and  leptin/adiponectin  levels  inversely  correlated

with FEV1  and  FVC  in  patient  (p  =  0.0001).

Conclusion:  Asthma  is linked  with  obesity,  and  there  is an  association  between  asthma  severity

and BMI  with  serum  leptin  and  leptin/adiponectin  levels,  but  our  results  do  not  support  a

significant role  of adiponectin  in obesity  or  asthma.
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Introduction

Several  studies  have  reported  the  spread  of asthma  and  obe-

sity  as  a  health  problem  in the world.1---4 The  prevalence

of  obesity  in America  (BMI  ≥30  kg/m2) in  20---74  year  adults

has  increased  from  15%  in 1970  to  35%  in 2010.  The  World

Health  Organization  has  estimated  the number  of obese  or

overweight  people  in the world  as  2  billion  people.5

Asthma  is  also  one  of  the  diseases  which  has a  high  preva-

lence  in  developed  and developing  countries  so  that  asthma

and  allergy  has  affected  1/3 of  the  children  in  some  West-

ern  countries.6,7 Asthma  has  affected  22 million  people  in

America  and 300 million  people  in the entire  world.8 In  Iran,

according  to  the statistics  provided  by  allergy  and  asthma

clinic,  10%  of  people are suffering  asthma.9

The  relationship  between  asthma  and  obesity  has  always

been  focused  by  researchers,  and  different  studies  have

indicated  various  results  in this  area.10---12 Epidemiological

studies  indicate  that  the lifestyle  is  one  of the most  impor-

tant  factors  affecting  asthma.  These  studies  consider  the

role  of  inactivity  and  consumption  of  high-calorie  foods  in

the  prevalence  of  asthma.  High-calorie  diet  with  inactivity

leads  to  obesity  in  adolescents  and  adults.13 Longitudinal

surveys  have  shown  that  obesity  is  the beginning  of asthma

and  the  relative  risk  of asthma  is  aggravated  by  obesity.14

The  mechanisms  of developing  this relationship  could

include  mechanical  effects  such as  constriction  of  respira-

tory  tract  due to  smooth  muscles  of  the  of  the  airways,  the

effects  of  adipose  tissue  on  the immune  system  function,

hormonal  factors,  nutritional  factors  and  inactivity.15 As

possible  mechanisms  through  which obesity  could  lead

to  the  development  of asthma  in  adults,  decreased  lung

function  by  changing  the balance  of  inflammatory  and  pre-

inflammatory  cytokines  along  with  a diet,  obesity,  atopy

and  hormonal  effects  have  been  discussed.16 Disruption

of  immune  tolerance  due  to  cytokines  and  adipokines

associated  with  obesity,  is  another  mechanism  that  links

obesity  to  asthma  and  autoimmune  diseases.

Despite  much  research,  the  relationship  between  asthma

and  obesity  remains  unclear  and  has  not  been  defini-

tively  identified  and  confirmed.10,11 Adipokines,  especially

adiponectin  and  leptin  have  highly  attended  by  the  scholars

in  this  field.  Leptin  plays  an  important  role  in the regulation

of  appetite,  body  weight  and  energy  balance.  Leptin  and its

receptors  which  are expressed  on  the  surface  of  the airways

can  be  associated  with  asthma.  Leptin  is  a pro-inflammatory

factor  that  affects  the innate  and  adaptive  immune  system,

and  increases  in obese  individuals  as  well.17

Unlike  leptin,  adiponectin  reduces  in obese people and

is  considered  as  an  anti-inflammatory  factor  that  inhibits

proinflammatory  cytokines  (TNF-a,  IL-6,  and  nuclear  factor

kB)  and  the  stimulation  of  anti-inflammatory  cytokines

(IL-10  and  IL-1  receptor  antagonist).17 According  to  the

above  information,  the  hypothesis  of the  relationship

between  adipkine  and  asthma  was  established.  Animal

studies  strengthened  this hypothesis.18 It  became  clear  that

adiponectin  reduces  allergen-induced  airway  inflammation

and  hyperresponsiveness  in  mice.19 Some  human  studies

have  relatively  supported  the  hypothesis.  In  a case---control

study  in  premenopausal  women,  it was  guessed  that

leptin  may  be  a dependent  risk  factor  for asthma.20 In

another  study,  it  was  found  that  a  high  serum  adiponectin

concentration  may  protect  against  current  asthma  in

premenopausal  women  but  does  not explain  the association

between  asthma  and  adiposity.21 However,  some  human

studies  have  not support  the hypothesis  and  did  not  report

any  relationship  between  adipokines  and asthma.22,23

Therefore,  this  hypothesis  has  not  been  definitely  con-

firmed  in  human  studies  and  there  is  a  need  for  more

studies.24 The  aim  of  this  study  was  to  determine  the serum

level  of  adiponectin  and  leptin,  and  leptin/adiponectin  ratio

in  asthmatic  patients  and  its  relationship  with  disease  sever-

ity,  lung  function  and BMI.

Methodology

Study population

In  this cross-sectional  study  the study  population  is  com-

prised  of  asthmatic  women  admitted  to  tertiary  referral

hospital  in Kurdistan  province-Iran.

Inclusion  criteria

The  individuals  were  examined  by asthma  and  allergy  spe-

cialists and their  illnesses  were  confirmed  according  to  GINA

and  spirometric  criteria.  Then,  they  were  entered  the study.

Exclusion  criteria

Having  other  allergic  diseases  at  the  same  time,  the use  of

corticosteroids  for two  weeks  before  blood  collection,  the

use  of  asthma  medications  such  as  bronchial  dilators  24  h

before  sampling,  other  acute  and  chronic  diseases  including

upper  and  lower  respiratory  system  infections  and  finally the

presence  of any  infectious  disease  for  at least  the  past  two

months.

Sample  size  and sampling  method

Samples  were  selected  using  a  convenience  sample  method.

Considering  the 5% type  I  error,  study  power  of  95%,  the

sample  size was  calculated  as  60  where  90  samples  were

studied  in order  to  increase  accuracy.  Therefore,  90  patients

were  randomly  selected  from among  the  patients  with

asthma  who  were  admitting  the  tertiary  referral  hospital

of  Kurdistan-Iran.  Patients  were enrolled  deliberately  and

after  filing  consents.

Practical  and hormonal  tests

The  height  of  all  the  subjects  was  measured  by  a  standard

wall-mounted  stadiometer  and  their  weight  was  also  mea-

sured  by  calibrated  electronic  scales.  BMI  was  calculated  by

the  ratio  of  weight  to  height.

Pulmonary  function  tests  in all  patients  were  performed

by  using  a spirometer  (spirolab  III-Italy).  ATS  guideline  was

used  to  interpret  the information  from.

Blood  samples  of the individuals  were  collected  by

skilled  and  qualified  technicians.  After 10  min after  being

centrifuged  at  3000  rpm, the  serum  was  separated  and

stored  at  −70 ◦C.  The  samples  were  thawed  before being
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examined  and serum  level  of  adiponectin  and  leptin  was

measured  according  to  the manufacturer’s  instructions

(Bioassay  technology  laboratory  ---  China),  and according  to

the  enzyme-linked  immunosorbent  assay  (ELISA).

Ethical  considerations

All  moral  codes  regarding  the study  and  the  confidentiality

of  information  were  observed,  and  also  informed  consent

form  was  obtained  from  the subjects.  No  additional  process

was  performed  on  the  patient.

Statistical  analysis

Data  analyzed  using  SPSS15  software.  Quantitative  variables

were  expressed  and reported  as  mean  ±  standard  deviation

and  confidence  interval  based  on  three  variables;  leptin,

adiponectin  and  leptin/adiponectin  ratio.  For  relationship

between  leptin  and asthma  severity,  since,  the  severity  of

asthma  is  a ranking  variable  and the  amount  of leptin  is  a

ratio  variable,  ANOVA  and Tukey  POST  HOC  test  has been

used.  Since,  the  severity  of  asthma  is  a  ranking  variable  and

the  level  of  adiponectin  is  a  ratio  variable,  Kruskal---Wallis

test  was  used  for  relationship  between  adiponectin  and

asthma  severity.  Since,  the  severity  of  asthma  is  a  rank-

ing  variable  and  the  ratio  of  leptin/adiponectin  is  a ratio

variable,  Kruskal---Wallis  test  was  used for  relationship

between  the  ratio  of leptin/adiponectin  with  asthma  sever-

ity.  Because  the two  variables  of  BMI  and leptin,  adiponectin

and  the  leptin/adiponectin  ratio  were  two  quantitative

(ratio)  variable,  Pearson  and  Spearman  correlation  tests

were  used.  To  determine  the  relationship  between  leptin

and  BMI  with  normal  distribution,  Pearson  correlation  test

was  conducted.  To  investigate  the relationship  between  the

two  variables  of  adiponectin  and BMI,  as  adiponectin  was  not

normally  distributed,  Spearman  correlation  test  was  used.

Results

The  descriptive  information  (mean  and  standard  deviation,

confidence  interval)  of  serum  levels  of adiponectin,  leptin

and  leptin/adiponectin  ratio  in patients  with  asthma  has

been  presented  in Table  1 by  age,  BMI  and severity  of  symp-

toms.  As  can  be seen  from  the  first  part,  by  aging,  serum

level  of  adiponectin  indicates  a  decreasing  trend.  But  this

change  has  not  been  observed  in leptin  hormone.  Mean

(±  SD)  and  severity  of  asthma  symptoms  were  also  evalu-

ated.  38.89%  of  the subjects  had  mild  asthma  (8.22  ±  6.91),

33.33%  had  moderate  asthma  (20.46  ±  9.45)  and  27.78%

(50.84  ±  19.68)  had  severe  asthma.

Then,  the  relationship  between  adiponectin,  leptin  and

leptin/adiponectin  ratio  with  asthma  severity  is  identified.

The  relationship  between leptin  and  asthma
severity

The results  of  Table  2  indicates  that  the serum  leptin  levels

varies  in patients  with  different  asthma  severity  (mild,  mod-

erate,  severe),  and  is statistically  significant  (p =  0.0001)

and  the  POST  HOC test  indicates  a  significant  difference

(p  = 0.0001)  between  the  three  groups  regarding  the  severity

of  asthma  (mild,  moderate,  severe).  So  that  the  mean  and

standard  deviation  of  leptin  in patients  with  mild  asthma,  is

lower  than  leptin  in patients  with  mild  and  severe  asthma.

Leptin  is  also  lower  in patients  with  moderate  asthma,  com-

pared  to  patients  with  severe  asthma.  In fact,  there  is  a

positive  relationship  between  leptin  serum  level  and  asthma

severity  (Table 2).

The relationship  between adiponectin  and  severity
of asthma  symptoms

The  results  of Table  3 indicates  that  the  average  ranking  of

adiponectin  in asthma  severity  (mild,  moderate,  severe)  has

no  statistically  significant  difference  (p  = 0.451)  (Table  3).

The  relationship  between leptin/adiponectin  ratio
with  asthma  severity

As  Table  4  indicates,  the average  rank of  leptin/adiponectin

ratio  between  asthma  severity  (mild,  moderate,  severe)

indicated  a  statistically  significant  difference  (p  <  0.0001).

Table  1  Determining  serum  level  of  adiponectin,  leptin  and the  ratio  of  leptin  to  adiponectin  in  patients  with  asthma,  according

to age  groups,  BMI  and  severity  of  asthma  symptoms.

Variable Leptin  Adiponectin  The  ratio  of  leptin  to

adiponectin

Mean ±  SD  (CI)  Mean  ± SD (CI)  Mean  ± SD  (CI)

Age  <30  years  22.7  ± 15.7  (15.1---30.3)  175.4  ± 154.9  (100.7---205.2)  0.16  ±  0.14  (0.09---0.23)

>30 years  22.4  ± 16.8  (19.1---29.7)  148.2  ± 134.7  (116.3---180.1)  0.2  ± 0.17  (0.15---0.25)

BMI Under  weight  5.8  ± 3.5  228.8  ± 205.4  0.07  ±  0.05

Healthy 15.5  ± 13.5  141.9  ± 128.3  0.13  ±  0.1

Over weight  11.02  ± 7.19  132.2  ± 49.5  0.2  ± 0.18

Obesity 42.1  ± 18.6  164.8  ± 156  0.34  ±  0.19

Asthma severity  Mild  8.2  ± 6.9  (5.8---10.6)  145.1  ± 135.5  (98.4---191.1)  0.67  ±  0.05  (0.04---0.08)

Moderate 20.4  ± 9.4  (16.9---23.9)  159.1  ± 136.2  (108---210.1)  0.17  ±  0.1  (0.13---0.2)

Severe 50.6  ± 19.2  (42.7---58.2)  160.4  ± 150.1  (98.4---222.3)  0.41  ±  0.2  (0.33---0.5)
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Table  2  The  relationship  between  leptin  and  severity  of  asthma  in  patients.

Multiple  comparisons

Dependent  variable:  leptin

Tukey  HSD

(I)  Severity  of  asthma  (J)  B Severity  of  asthma  Mean  difference  SD  Sig.  95%  Confidence  interval

Lower  bound  Upper  bound

Mild  Moderate  −12.2314*  3.0743  −19.564  −4.899

Severe −42.6173*  3.2747  .000  −50.427  −34.807

Moderate Severe  −30.3858*  3.3839  .000  −38.456  −22.315

--- ---  3.0743  .000  ---  Upper  bound

Table  3  Relationship  between  adiponectin  and  severity  of

asthma symptoms  in patients:.

Ranks

Severity  of  asthma  Number  Mean  rank

Adiponectin  Mild  35  40.81

Moderate  30  46.83

Severe 25  48.81

Total 90  40.81

Chi-Square; 1.59, p =  0.45.

Table  4  The  ratio  of  leptin/adiponectin  and  severity  of

asthma  symptoms  in patients  (Kruskal---Wallis-abnormality).

Ranks

Severity  of

asthma

Number  Mean

rank

Leptin/adiponectin

ratio

Mild  35  24.43

Moderate  30  47.17

Severe 25  72.29

Total 90

Chi-Square; 49.18, p = 0.00.

In  fact  there  is  a positive  relationship  between  the  lep-

tin/adiponectin  ratio  and  increased  severity  of  asthma  and

by  increasing  the severity  of  asthma,  the ratio  of  lep-

tin/adiponectin  increases  (Table  4).

In  Table  5, the relationship  between  adiponectin,  lep-

tin  and  the  leptin/adiponectin  ratio  has  been  provided  with

the  pulmonary  function  tests.  As can  be  observed,  there  is

a  significant  relationship  between  the  serum  level of leptin,

adiponectin  and  the ratio  of  leptin  to  adiponectin  with  FVC

and  FEV1  (p < 0.05).  To  determine  the  relationship  between

leptin  and  BMI  with  normal  distribution,  Pearson  correlation

test  was  conducted  so  that there  was  a  significant  cor-

relation  between  the  two  variables  (r = 0.52)  (p  =  0.0001).

To  investigate  the relationship  between  the two  variables

of  adiponectin  and BMI,  as adiponectin  was  not  normally

distributed,  Spearman  correlation  test  was  used  and  no  sig-

nificant  correlation  was  observed  (p  =  0.21),  but  the ratio  of

Table  5 Correlation  of leptin,  adiponectin  and  the  ratio  of

leptin/adiponectin  with  FEV1,  FVC  and  FEV1/FVC.

Variable  FEV1  FVC  FEV1/FVC

Leptin

r −0.714  −0.740  −0.130

p value  0.001  0.001  0.226

Adiponectin

r −0.024  −0.029  −0.017

p value  0.824  0.78  0.87

Leptin/adiponectin  ratio

r −0.660  −0.681  −0.119

p value  0.001  0.001  0.26

leptin  to  adiponectin  and  BMI  (Spearman  correlation)  was

equal  to  (r  = 0.503)  and  statistically  significant  (p  =  0.0001)

(Table  6).

Discussion

The  aim  of  this  study  was  to  investigate  the  relationship

between  serum  levels  of adiponectin,  leptin  and  lep-

tin/adiponectin  ratio in women  with  asthma  severity,  lung

function,  as  well  as  the  BMI.  According  to  the findings  of

the  present  study,  there  was  a  positive  relationship  between

serum  levels  of  leptin  and  leptin/adiponectin  ratio  with  the

severity  of  asthma  symptoms,  so that  the  increase  in  these

two  markers,  the severity  of  asthma  has also  increased.

In  this  regard,  few  studies  have  investigated  adults  with

asthma.  In a  similar  study  conducted  by  Agori  et al.,  they

indicated  that  leptin  hormone  level  in patients  with  asthma

and  the  ratio  of  leptin/adiponectin  is  higher  in  comparison

with  the control  group,  and  the two  values  also  increase

with  the  increasing  asthma  severity.23 During  a cohort  study

conducted  by  Jarttil,  the relationship  between  leptin  and

asthma  symptoms  in three  different  periods  of 3---18  years,

9---24  years  and  24---39  years  was  investigated.  The  results

indicated  that  leptin  hormone  has  a positive  and significant

correlation  with  the  severity  of  asthma  at  the age  range  of

24---39.25 In a  population  based,  cross sectional  study,  Sood

et  al. indicated  that  the level  of  leptin  is  high  in adults

with  asthma,  especially  women,  compared  to  the  healthy

subjects.20
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Table  6  Correlation  of  leptin,  adiponectin  and  leptin/adiponectin  ratio with  BMI.

Variable  Leptin  Adiponectin  Leptin/adiponectin  ratio

BMI  r 0.528  0.133  0.503

p  value  0.0001  0.21  0.0001

According  to  these  results,  these two  indices  can  be

seen  as  a  marker  to  determine  the  severity  of  asthma.  Lep-

tin  can  play  a key role  in the pathophysiology  of  asthma.

Some  studies  have  indicated  that leptin  level increases  dur-

ing  inflammation26,27 and in turn  promote  inflammation.

Increased  expression  of  leptin  mRNA  in adipose  tissue  of

mice,  after  the  injection  of proinflammatory  cytokines  such

as  tumour  necrosis  factor  (TNF-a)  and  IL-1  were  the confir-

mation  to  this claim.26

Previous  studies  have shown  that  IL-17  could  be involved

in  asthma  exacerbations.  It  is  known  that  when naive  splenic

CD4+T  grows  in the  presence  of  Th17,  the injection  of  leptin

can  exacerbate  the production  of Th17.28 Leptin  also  inhibits

the  function  of  regulatory  T cells  (T  regs)  and  it  is  expected

to  strengthen  the  activity  of allergen  induced  T-cell.29 Other

studies  have shown  that there  is  such  a  relationship  between

leptin  serum  level and  asthma  severity  in children.30,31

However,  in the  study  by  Dixon,  although  leptin  level indi-

cated  a  positive  relationship  with  the  severity  of asthma,

but  it  was  not statistically  significant.22 The  results  of  these

studies  may  be  due  to  differences  in study  designs,  or  a

different  sample  size  in them.

In this  study,  no  significant  relationship  was  observed

between  the  adiponectin  serum  level  and  asthma  severity.

Such  results  were  also  reported  in a study  by  Dixon  et  al.22

In a  study  conducted  by  Sood  et  al.,  the role  of

adiponectin  on  asthma  and  its symptoms  were  evaluated,

but  there  was  no  difference  in serum  adiponectin  concen-

trations  between  the  current  asthma  and never  asthma

groups  in  men  and  women  combined.21 Hayashikawa  et al.

conducted  a study  to  examine  the  association  between

adiponectin  and  asthma  and pulmonary  function  in Japan.

The  results  indicated  that  the serum  total  adiponectin  level

was  not significantly  different  between  asthmatic  subjects

and  control  non-asthmatic  subjects in both  sexes in  both

groups.32 This  marker  appears  to  have  less  value  and  impor-

tance  in determining  the  severity  of  asthma.

According  to  the findings  of  the present  study,  there  is

a  negative  and  significant  relationship  between  serum  lev-

els  of  leptin  and the  leptin/adiponectin  ratio  in patients

with  FEV  and  FCV  pulmonary  function  tests.  The  increase  in

leptin  in  patients  with  asthma  was  associated  with  a reduc-

tion  in  lung  function.  But the  serum  level  of  adiponectin

was  not  associated  with  these  tests.  This  finding  is  consis-

tent  with  the  results  of  the  study  conducted  by  Agori.23 In a

study  to evaluate  the  immune  response  and  lung  function  in

adults  with  asthma,  Dixon  et  al.  indicated  that  both  forced

expiratory  volume  in 1 s  (FEV1)  and  forced  vital capacity

(FVC)  were  significantly  lower  in asthmatics  than  in non-

asthmatics.22

In a  study  conducted  by  Hickson  et  al.,  they  investigated

the  relationship  between  leptin  serum  level  with  FEV1,  FEV

in  6 s (FEV6),  and vital capacity  (FVC).  The  results  indicated

that  the increased  level  of leptin  is  associated  with  reduced

FEV1,  FEV6,  and FVC%.33 Animal  studies  have  indicated

that  leptin  regulates  the  lungs  physiological  function.  Six

isoforms  of  leptin  receptors  have  been  identified  in lung

tissue  and  Ob-Rb isoform  has  had  the highest  concentration

on  epithelial  cells of  the lung.34 In  another study  aimed

to  investigate  the  role  of  leptin  receptors  in the lungs,  it

became  clear  that  these  receptors  also  exist  in human  lungs

and  increased  levels  of  leptin  have  stimulatory  effects  on

the human  respiratory.35

A positive  and  significant  correlation  was  observed

between  serum  level  of  leptin,  and  leptin/adiponectin

ratio  with  the patients’  BMI  in this  study.  But no  signif-

icant  relationship  was  observed  in case  of  adiponectin.

The  relationship  between  these  two  hormones  and  lep-

tin/adiponectin  ratio  with  asthma  severity  and BMI  is  still

contradictory  after several  studies.  According  to  the  results

of  the present  study,  the direct  correlation  between  leptin

hormone  and  leptin/adiponectin  ratio  with  BMI  is  possi-

ble.  And an increase  in BMI  can  predict  the  severity  of

asthma.  In a study  conducted  by  Salah et  al.,  these biomark-

ers  and  BMI  were  examined  in  non-obese  control,  obese

control,  non-obese  asthmatics  and  obese  asthmatics.  The

results  indicated  that  in obese  patients  with  asthma,  and

obese  individuals,  serum  level  of  leptin  and  adiponectin

are  higher  than  the control  group.  In this  study,  obesity

criteria  was  considered  BMI  >30.35 In  a  study  conducted  by

Sutherland  et  al.,  a  positive  and  significant  correlation  was

reported  between  the  leptin  hormone  and  BMI  in  adults.36

In the study  conducted  by  Agori  et al.,  BMI  indicated  a sig-

nificant  relationship  with  the severity  of  asthma.23 In the

study  conducted  by  Jartti  et  al.,  the relationship  between

obesity,  leptin  and  adiponectin  biomarkers  with  BMI  were

investigated  in  three  age periods  in  healthy  subjects  and

patients  with  asthma.  The  results  showed  that  in  adult-

hood,  increasing  BMI  an independently  (from  adipokines)

be  a predictor  of  asthma.25 Sood et al. after adjustment

for  serum  levels  of leptin  indicated  that  the relationship

between  BMI  and  asthma  was  attenuated  but  remained  a

borderline  significance.20 This  means that perhaps  the rela-

tionship  between  BMI  and  asthma  is not  much  affected  by

leptin.  And this relationship  is  also  affected  by  other  patho-

physiologic  pathways.  As  mentioned,  this  relationship  has

remained  unclear  and requires  further  investigation.

Conclusion

In this study,  leptin  hormone  indicated  a relationship  with

the severity  of  asthma,  reduction  in  lung  function,  and

increased  BMI.  As  mentioned,  this hormone  is  a  key  factor  in

obesity  and can  be involved  in the inflammatory  process  of

asthma.  However,  it can be  helpful  in predicting  the severity
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of  asthma  and pulmonary  function  of the individuals.  In this

study,  adiponectin  had  no  relationship  with  asthma  sever-

ity  and  pulmonary  function  of  the  patients.  Perhaps  this

biomarker  is  less  important  in predicting  asthma,  however,

the  small  sample  size  in  this  study  and  type  of  study  design

were  the  limitations  of  this  study  which was  not able  to  accu-

rately  investigate  the role  of  this  biomarker  in  patients  with

asthma.

Ethical disclosures

Confidentiality  of data.  The  authors  declare  that  they  have

followed  the  protocols  of  their  work  centre  on  the publi-

cation  of patient  data  and  that  all  the patients  included

in  the  study  have  received  sufficient  information  and  have

given  their  informed  consent  in writing  to  participate  in that

study.

Right  to  privacy  and  informed  consent.  The  authors

declare  that  no  patient  data  appears  in this article.

Protection  of  human  subjects  and  animals  in research.

The  authors  declare  that  no  experiments  were  performed

on  humans  or  animals  for  this investigation.

Conflict  of interest

The  authors  declare  that  they  have no  conflict  of  interest.

Acknowledgments

This  study  was  the  result  of  a research  project  approved

by  the  Research  deputy  of Kurdistan  University  of Medical

Sciences  and  it was  conducted  under its  financial  support.

We  would  like  to  appreciate  those  who  paid  special  attention

to  this  project.

References

1. Farah CS, Salome CM. Asthma and obesity: a known association

but unknown mechanism. Respirology. 2012;17:412---21.

2. Stream AR, Sutherland ER. Obesity and asthma disease pheno-

types. Curr Opin Allergy Clin Immunol. 2012;12:76---81.

3. Papoutsakis C, Priftis KN, Drakouli M, Prifti S, Konstantaki

E, Chondronikola M, et  al. Childhood overweight/obesity and

asthma: is there a link? A systematic review of recent epidemi-

ologic evidence. J  Acad Nutr Diet. 2013;113:77---105.

4. Nasiri Kalmarzi R, Zamani A, Fathallahpour A, Ghaderi E, Rahe-

hagh R, Kooti W. The relationship between serum levels of

vitamin D with asthma and its  symptom severity: a case---control

study. Allergol Immunopathol. 2016.

5. Shore SA. Obesity and asthma: location, location, location. Eur

Respir J. 2013;41:253---4.

6. Pearce N, Ait-Khaled N, Beasley R, Mallol J,  Keil U, Mitchell E,

et al. Worldwide trends in the prevalence of  asthma symptoms:

phase III of the International Study of Asthma and Allergies in

Childhood (ISAAC). Thorax. 2007;62:758---66.

7. Asher MI, Montefort S, Bjorksten B, Lai CK, Strachan DP, Wei-

land SK, et al. Worldwide time trends in the prevalence of

symptoms of  asthma, allergic rhinoconjunctivitis, and eczema

in childhood: ISAAC Phases One and Three repeat multicountry

cross-sectional surveys. Lancet. 2006;368:733---43.

8. Masoli M,  Fabian D, Holt S, Beasley R. The global burden of

asthma: executive summary of  the GINA Dissemination Com-

mittee report. Allergy. 2004;59:469---78.

9. Nasiri Kalmarzi R, Shekari A, Tajik M,  Ataee P, Homagostar G,

Roshani D, et al. The prevalence of asthma symptoms in ele-

mentary and middle school students in Kurdistan Province, the

West of  Iran. Int J Pediatr. 2016;4:1323---30.

10. Stommel M, Schoenborn CA. Variations in BMI and prevalence

of health risks in diverse racial and ethnic populations. Obesity.

2010;18:1821---6.

11. Salah A, Ragab M,  Mansour W, Taher M. Leptin and

adiponectin are valuable serum markers explaining obe-

sity/bronchial asthma interrelationship. Egypt J  Chest Dis

Tuberc. 2015;64:529---33.

12. Nasiri Kalmarzi R, Hamedi R, Nasirian R, Farsani M, Kashefi H,

Khalafi B, et al. Association of body  mass index with asthma

severity and pulmonary function among asthmatic children. Int

J Pediatr. 2016:3551---9.

13. Zammit C, Liddicoat H,  Moonsie I, Makker H. Obesity and respi-

ratory diseases. Int J  Gen Med. 2010;3:335---43.

14. Maschke M, Kastrup O, Esser S, Ross B, Hengge U, Huf-

nagel A. Incidence and prevalence of  neurological disorders

associated with HIV since the introduction of  highly active

antiretroviral therapy (HAART). J Neurol Neurosurg Psychiatry.

2000;69:376---80.

15. Camargo CA Jr, Weiss ST, Zhang S, Willett WC, Speizer

FE. Prospective study of body mass index, weight change,

and risk of adult-onset asthma in women. Arch Intern Med.

1999;159:2582---8.

16. Shore SA. Obesity and asthma: possible mechanisms. J Allergy

Clin Immunol. 2008;121:1087---93, quiz 94---5.

17. Assad NA, Sood A. Leptin, adiponectin and pulmonary diseases.

Biochimie. 2012;94:2180---9.

18. Medoff BD,  Okamoto Y, Leyton P, Weng M, Sandall BP, Raher MJ,

et al. Adiponectin deficiency increases allergic airway inflam-

mation and pulmonary vascular remodeling. Am J Respir Cell

Mol Biol. 2009;41:397---406.

19. Shore SA, Terry RD, Flynt L,  Xu A, Hug C. Adiponectin attenuates

allergen-induced airway inflammation and hyperresponsiveness

in mice. J Allergy Clin Immunol. 2006;118:389---95.

20. Sood A, Ford ES, Camargo CA. Association between leptin and

asthma in adults. Thorax. 2006;61:300---5.

21. Sood A, Cui X, Qualls C, Beckett WS, Gross MD, Steffes MW, et al.

Association between asthma and serum adiponectin concentra-

tion in women. Thorax. 2008;63:877---82.

22. Dixon AE, Johnson SE, Griffes LV, Danielle Raymond M,  Ramdeo

R, Soloveichik A, et  al. Relationship of  adipokines with immune

response and lung function in obese asthmatic and non-

asthmatic women. J Asthma. 2011;48:811---7.

23. Tsaroucha A, Daniil Z, Malli F, Georgoulias P, Minas M,  Kostikas K,

et al. Leptin, adiponectin, and ghrelin levels in female patients

with asthma during stable and exacerbation periods. J Asthma.

2013;50:188---97.

24. Sood A, Shore SA. Adiponectin, leptin, and resistin in asthma:

basic mechanisms through population studies. J Allergy.

2013;2013:15.

25. Jartti T, Saarikoski L,  Jartti L,  Lisinen I, Jula A, Huupponen R,

et al. Obesity, adipokines and asthma. Allergy. 2009;64:770---7.

26. Sarraf P, Frederich RC, Turner EM, Ma G, Jaskowiak NT, Rivet DJ,

et al. Multiple cytokines and acute inflammation raise mouse

leptin levels: potential role in inflammatory anorexia. J  Exp

Med. 1997;185:171---6.

27. Shore SA, Rivera-Sanchez YM, Schwartzman IN, Johnston RA.

Responses to ozone are increased in  obese mice. J  Appl Physiol.

2003;95:938---45.

28. Deng J,  Liu Y, Yang M, Wang S, Zhang M, Wang X, et al. Lep-

tin exacerbates collagen-induced arthritis via enhancement of

Th17 cell response. Arthritis Rheum. 2012;64:3564---73.

http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0005
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0010
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0015
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0020
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0025
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0030
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0035
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0040
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0045
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0050
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0055
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0060
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0065
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0070
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0075
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0080
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0085
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0090
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0095
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0100
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0105
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0110
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0115
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0120
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0125
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0130
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0135
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0140


264  R.  Nasiri  Kalmarzi  et  al.

29. Porter M, Karp M,  Killedar S,  Bauer SM, Guo J, Williams

DA, et al. Diesel-enriched particulate matter functionally

activates human dendritic cells. Am J Respir Cell Mol Biol.

2007;37:706---19.

30. Gurkan F,  Atamer Y, Ece A, Kocyigit Y, Tuzun H, Mete N.  Serum

leptin levels in asthmatic children treated with an inhaled cor-

ticosteroid. Ann Allergy Asthma Immunol. 2004;93:277---80.

31. Tanju A, Cekmez F, Aydinoz S, Karademir F,  Suleymanoglu

S, Gocmen I. Association between clinical severity of  child-

hood asthma and serum leptin levels. Indian J  Pediatr.

2011;78:291---5.

32. Hayashikawa Y, Iwata M, Inomata M, Kawagishi Y, Tokui K,

Taka C, et al.  Association of  serum adiponectin with asthma

and pulmonary function in the Japanese population. Endocr J.

2015;62:695---709.

33. Hickson DA, Burchfiel CM, Petrini MF, Liu J,  Campbell-

Jenkins BW,  Bhagat R, et al.  Leptin is inversely associ-

ated with lung function in African Americans, independent

of adiposity: the Jackson Heart Study. Obesity. 2011;19:

1054---61.

34. O’Donnell CP, Tankersley CG,  Polotsky VP, Schwartz AR, Smith

PL. Leptin, obesity, and respiratory function. Respir Physiol.

2000;119:163---70.

35. Tsuchiya T, Shimizu H,  Horie T, Mori M.  Expression of leptin

receptor in lung: leptin as a growth factor. Eur J Pharmacol.

1999;365:273---9.

36. Sutherland TJT, Sears MR, McLachlan CR, Poulton R, Han-

cox RJ. Leptin, adiponectin, and asthma: findings from a

population-based cohort study. Ann Allergy Asthma Immunol.

2009;103:101---7.

http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0145
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0150
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0155
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0160
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0170
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0175
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0180
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185
http://refhub.elsevier.com/S0301-0546(16)30154-9/sbref0185

	Serum levels of adiponectin and leptin in asthmatic patients and its relation with asthma severity, lung function and BMI
	Introduction
	Methodology
	Study population
	Inclusion criteria
	Exclusion criteria
	Sample size and sampling method
	Practical and hormonal tests
	Ethical considerations
	Statistical analysis

	Results
	The relationship between leptin and asthma severity
	The relationship between adiponectin and severity of asthma symptoms
	The relationship between leptin/adiponectin ratio with asthma severity

	Discussion
	Conclusion
	Ethical disclosures
	Confidentiality of data
	Right to privacy and informed consent
	Protection of human subjects and animals in research

	Conflict of interest
	Acknowledgments
	References


