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Abstract
Objective:  To  investigate  the  association  between  asthma  and  sleep  duration  in  participants  of
the Study  of  Cardiovascular  Risks  in  Adolescents.
Materials  and  methods:  Cross-sectional,  national,  school-based  study,  involving  adolescents
aged 12---17  years.  In  the  period  between  2013−14,  data  from  59,442  participants  were  ana-
lyzed. Bivariate  analysis  between  current  asthma  and  short  sleep  duration,  defined  as  <
7 h/night,  was  performed  separately  with  the  other  variables  analyzed:  sex,  age  group,  type
of school,  weight  categories,  and  common  mental  disorders.  Then,  different  generalized  linear
models with  Poisson  family  and  logarithmic  link  functions  were  used  to  assess  the  independence
of potential  confounding  covariates  associated  with  both  asthma  and  short  sleep  duration  in  the
previous analysis.  Crude  and  adjusted  prevalence  ratios  and  respective  95%  confidence  intervals

were calculated,  and  a  value  of  p  <  0.05  was  considered  significant  for  all  analyses  performed.
Results: Prevalence  of  current  asthma  was  13.4%,  being  significantly  higher  among  students
with short  sleep  duration  (PR:  1.17;  95%  CI:  1.01---1.35;  p  =  0.034).  This  remained  significant
even after  adjusting  for  the  other  study  covariates.
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Conclusion:  There  was  a  positive  association  between  the  prevalence  of  current  asthma  and
short sleep  duration  among  Brazilian  adolescents.  Considering  the  high  prevalence  and  morbid-
ity of  the  disease  in  this  age  group,  the  promotion  of  sleep  hygiene  should  be  considered  as  a
possible  health  strategy  aimed  at  contributing  to  better  control  of  asthma  in  this  population.
© 2020  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

I

A
e
t
t
t
a
C
l

d
o
r
r
r
p
a
a
t
d
c
t
g
a

a
l
w
w
e
e

i
T
a
E

M

S

T
m
s
a
o
m
l

d
p

D

T
n
p
t
p
m
p
s
s

E

T
t
c
n
a
a
fi
h
m
a

t
u
t
f
o
l
t
m
d
P
n
t
w
a
o
e
o

i

ntroduction

sthma  is  the  most  common  chronic  non-communicable  dis-
ase  in  childhood  and  adolescence,  affecting  1%---18%  of
he  population  in  different  countries.1 According  to  Interna-
ional  Study  of  Asthma  and  Allergies  in  Childhood  (ISAAC),
he  Brazilian  prevalence  of  current  asthma  in  adolescents
ged  13−14  years  was  19%.2 More  recently,  the  Study  of
ardiovascular  Risks  in  Adolescents  (ERICA),  showed  a preva-

ence  of  asthma  of  13.1%  among  Brazilian  adolescents.3

Previous  studies4 have  shown  that  the  mean  sleep
uration  among  Brazilian  adolescents  is  less  than  that  rec-
mmended  by  the  National  Sleep  Foundation  (NSF),  a  world
eference  in  sleep  health  based  in  the  United  States,  which
ecently  defined  less  than  seven  hours  of  sleep  a  night  is  not
ecommended.5 Sleep  is  an  essential  physiological  process  in
romoting  both  physical  and  mental  health,  whose  functions
re  not  yet  fully  understood.  The  interaction  between  sleep
nd  the  circadian  system  influence  the  immune,  endocrine,
hermoregulatory,  neurobehavioral,  renal,  cardiovascular,
igestive  systems,  beyond  the  regulation  of  the  sleep-wake
ycle.6 In  adolescence,  physiological  changes  in  sleep  pat-
erns  occur,  such  as  delayed  bedtime  and  waking  time,  and  a
reater  difference  between  hours  of  sleep  during  the  week
nd  on  weekends.7

Nighttime  exacerbations  are  characteristic  of  asthma,
nd  affect  up  to  75%  of  patients.  During  sleep,  oscillations  in
ung  function  occur,  which  are  more  pronounced  in  patients
ith  asthma.  This  instability  in  lung  volumes,  associated
ith  factors  related  to  the  nighttime,  such  as  increased
xposure  to  aeroallergens  and  colder  air,  may  favor  exac-
rbations  of  the  disease.8

The  associations  between  asthma  and  sleep  have  conflict-
ng  results  in  the  literature9,10 and  are  still  scarce  in  Brazil.
he  aim  of  this  study  was  to  investigate  association  between
sthma  and  sleep  duration  in  adolescents  participating  in
RICA.

ethods

tudy  design  and  population

his  research  is  part  of  ERICA  and,  as  such,  followed  its
ethodological  precepts.  This  is  a  multicenter,  national,

chool-based  study  carried  out  in  a  randomized  sample  of

dolescents  aged  12---17  years,  representative  of  the  group
f  adolescents  enrolled  in  schools  in  municipalities  with
ore  than  100,000  inhabitants  at  the  national  and  regional

evel,  and  of  each  capital  and  the  Federal  District.  A  more

a
t
a
u

39
etailed  description  of  the  sample  design  can  be  found  in  a
revious  publication.11

ata  collection

he  selected  students  answered  self-administered  question-
aires  that  included  socio-demographic  data,  information  on
hysical  activity,  eating  behavior,  presence  of  common  men-
al  disorders,  medical  history  of  chronic  diseases,  and  sleep
atterns,  among  other  conditions.  In  addition,  anthropo-
etric  measurements  were  performed.  Data  collection  was
erformed  using  personal  digital  assistants  (PDAs)  and  was
upervised  by  field  staff  previously  trained  to  apply  standard
tudy  techniques.12

xposure  and  outcome  variables

he  asthma  variable  was  assessed  by  the  question:  ‘‘In
he  last  12  months,  how  many  wheezing  attacks  (wheezing
rises)  did  you  have?’’,  extracted  from  the  ISAAC  question-
aire  asthma  module  for  the  13−14  age  group,  translated
nd  validated  for  Brazilian  culture.13 Those  who  reported
t  least  one  attack  in  the  past  12  months  were  classi-
ed  as  having  current  asthma.  A  positive  response  shows
igh  sensitivity  and  specificity  when  compared  to  objective
easurements  of  pulmonary  function  in  adolescents  with

sthma.13

Sleep  duration  was  evaluated  by  four  questions  in  which
he  adolescents  were  asked  to  select  the  time  when  they
sually  sleep  and  wake  up  on  ordinary  weekdays  and  on
he  weekend.  Sleep  duration  was  considered  as  the  dif-
erence,  in  hours,  between  the  beginning  and  the  end
f  sleep.  The  mean  weekly  duration  of  sleep  was  calcu-
ated  as  the  weighted  average  of  the  hours  of  sleep  over
he  weekdays  and  weekend,  according  to  the  equation:
ean  hours  of  sleep  =  (duration  of  sleep  on  the  week-
ays  ×  5)  +  (duration  of  sleep  on  the  weekend  days  ×  2)/7.
articipants  who  reported  less  of  seven  hours  of  sleep  per
ight  were  considered  ‘‘short  sleep  duration’’  (SSD),  and
hose  who  reported  seven  or  more  hours  of  sleep  per  night
ere  considered  ‘‘sufficient,’’  according  to  the  criterion
lready  used  in  other  national  studies.14 Sleep  durations  ≤3
r  ≥14  h  during  the  week  or  ≥18  h  on  weekends  were  consid-
red  inconsistent  values,  and  were  corrected  when  possible
r  disregarded.

In  addition  to  these  variables,  covariates  that  could
nterfere  with  the  study’s  association  of  interest  were  also

ssessed,  which  were  defined  as  follows:  for  common  men-
al  disorders,  the  General  Health  Questionnaire  was  used,

 12-item  version  (GHQ-12)  validated  for  the  Brazilian  pop-
lation.  The  GHQ  measures  the  mental  health,  especially
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Table  1  General  characteristics  of  the  sample.  Study  of
Cardiovascular  Risks  in  Adolescents  (ERICA),  Brazil,  2013---14.

Variables  n  %  95%  CI

Total  59,442
Age  group
15---17  yrs  32,712  55.0  54.6---55.4
12---14 yrs  26,730  45.0
Gender
Female  33,388  56.2  55.8---56.7
Male 26,054  43.8
Type of  school
Public  46,088  77.5  22.13---22.8
Private 13,354  22.5
Current  asthma
Yes  7969  13.4  13.1---13.6
No 51,473  86.6
Sleep duration
Short  11,219  18.9  24.07−24.76
Sufficient  48.223  8113
Weight  categories
Excess  weight  14,511  24.4  24.0---24.7
Eutrophic/malnourished  44,931  75.6
CMD
Yes 18,237  30.7  30.3---31.0
No 41,205  69.3

95% CI, 95% confidence interval; CMD, common mental disorders.
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N.R.  Estanislau,  E.A.  

he  psychiatric  well-being,  of  an  individual.  This  tool  has
 sensitivity  of  85%  and  specificity  of  79%  on  detection  of
tates  of  psychological  distress  as  anxiety,  depression,  and
omatoform  symptoms,  and  consists  of  12  items  that  assess
he  presence  of  the  symptoms  in  the  last  two  weeks.  The
esponses  of  the  individual  items  were  coded  as  ‘‘absent’’
r  ‘‘present’’  (0  or  1,  respectively).  Those  with  scores  ≥  3
ere  classified  as  cases.15

The  classification  of  weight  categories  was  performed
sing  body  mass  index  (BMI)  curves,  as  proposed  by  the
orld  Health  Organization,  specified  by  age  and  sex.  Ado-

escents  considered  to  have  an  adequate  weight  had  a  score
f  +1  >  Z  ≥  −2,  adolescents  with  overweight  had  a  score
f  +2  >  Z  ≥  +1,  and  obese  adolescents  were  those  with  a
core  of  Z  ≥  +2.16 For  analysis  purposes,  the  variable  was
ivided  into  two  categories:  ‘‘excess  weight’’  (overweight
nd  obese)  and  the  rest  of  the  sample  (eutrophic  and  under-
eight).  Anthropometric  measurements  were  performed
ith  the  individuals  wearing  light  clothing  and  bare  feet
sing  an  electronic  scale  (Líder® model  P200  M  ---  São  Paulo,
razil,)  with  a  capacity  of  up  to  200  kg  and  an  accuracy
f  50  g;  height  was  measured  using  a  portable  stadiome-
er  (Alturaexata® ---  Minas  Gerais,  Brazil)  with  an  accuracy
f  0.1  cm.11 The  following  sociodemographic  variables  were
lso  evaluated:  gender,  age  group  (12---14  years  or  15---17
ears),  and  type  of  school  (public  or  private).

tatistical  analysis

escriptive  statistics  was  reported  by  frequencies  and
eans.  Bivariate  analysis  was  performed  separately
etween  current  asthma  and  sleep  duration  with  the  others
ariables:  sex,  age  group,  type  of  school,  weight  cate-
ories,  and  common  mental  disorders.  Prevalence  ratios  (PR)
nd  respective  95%  confidence  intervals  (95%  CIs)  were  cal-
ulated  using  a  bivariate  Poisson  regression  model.  Then,
ifferent  generalized  linear  models  (GLMs)  with  Poisson  fam-
ly  and  logarithmic  link  functions  were  created  to  evaluate
he  association  between  current  asthma  and  sleep  duration,
djusted  for  the  covariables  significantly  associated  with
ach  one  in  the  bivariate  analysis.  Finally,  the  same  statisti-
al  model  was  used  to  assess  the  independence  of  potential
onfounding  covariates  associated  with  both  asthma  and  SSD
n  the  previous  analysis.  The  value  of  p  <  0.05  was  considered
ignificant  for  all  analyses  performed.

To  obtain  estimates  of  central  tendency  and  variances,
nd  measures  resulting  from  them,  special  routines  were
ecessary  to  deal  with  the  sample  complexity  therefore  the
nalysis  was  performed  using  Stata  software,  v.  14.0  (Stata-
orp  ----  College  Station,  TX,  United  States)  using  the  SURVEY
ommand.

thical  aspects

he  study  followed  the  principles  of  the  Declaration  of
elsinki  and  was  approved  by  the  Research  Ethics  Commit-
ees  of  the  Institute  of  Studies  in  Collective  Health  of  the

ederal  University  of  Rio  de  Janeiro  (Process  45/2008  of
/11/2009),  and  of  the  26  states  and  the  Federal  District.
articipants’  privacy  and  data  confidentiality  were  guaran-
eed  throughout  the  study.
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esults

etween  2013  and  2014,  74,589  adolescents  were  evaluated.
hose  who  answered  the  question  about  asthma  as  ‘‘I  don’t
now/I  don’t  remember’’  were  excluded  from  the  study,
s  well  as  those  with  values  of  sleep  duration  considered
nconsistent  even  after  correction;  thus,  a  total  of  59,442
articipants  were  included  in  the  final  analysis  (Fig.  S1).

Among  the  adolescents  evaluated,  55.3%  were  aged
etween  15  and  17  years  and  56.2%  were  female.  The  preva-
ence  of  current  asthma  was  13.4%  (95%  CI:  13.1%---13.7%)
nd  18.8%  (95%  CI:  18.5%---19.1%)  of  adolescents  had  SSD
Table  1).

Current  asthma  was  significantly  associated  with  SSD
PR:  1.25;  95%  CI:  1.08---1.44)  in  the  bivariate  model.  The
revalence  of  current  asthma  was  significantly  higher  among
tudents  with  excess  weight,  presence  of  common  men-
al  disorders,  female  sex,  and  private  schools  (Table  2).
hese  associations  remained  significant  after  the  adjust-
ent  between  them  (Table  2).
Besides  asthma,  SSD  was  significantly  associated  with

lder  age  group,  presence  of  common  mental  disorders,  and
xcess  weight  (Table  3).  After  adjusted  multivariate  analy-
is,  the  association  of  SSD  with  these  last  two  covariates  was
aintained  (Table  3).
Common  mental  disorders  and  excess  weight  were  con-

idered  as  confounding  variables  and  included  in  the  final
odel.  Current  asthma  and  SSD  remained  significantly  asso-
iated  (PR:  1.17,  95%  CI:  1.01---1.35),  showing  that  these  are
ndependent  factors  for  both  conditions  (Table  4).
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Table  2  Crude  and  adjusted  analysis  between  current  asthma  and  study  variables.  Study  of  Cardiovascular  Risks  in  Adolescents
(ERICA), Brazil,  2013-2014.

Variables PRcr  95%  CI pa PRaj  95%  CI  pa

Short  sleep  duration  1.25  1.08---1.44  0.002  1.18  1.03---1.34  0.016
Excess weight  1.14  1.02---1.29  0.025  1.12  1.00---1.26  0.045
Common mental  disorders  1.87  1.70---2.07  0.000  1.80  1.62---2.01  0.000
Female sex  1.32  1.21---1.43  0.000  1.18  1.08---1.30  0.000
Private school  1.26  1.09---1.46  0.002  1.25  1.08---1.44  0.002
Age group 1.04  0.91---1.17  0.592  ---  ---  ---

95% CI, 95% confidence interval; PRcr, crude prevalence ratio; PRaj, prevalence ratio adjusted for nutritional status, common mental
disorders, gender, school type.

a Poisson regression p-values.

Table  3  Crude  and  adjusted  analysis  between  short  sleep  duration  and  study  variables.  Study  of  Cardiovascular  Risks  in
Adolescents (ERICA),  Brazil,  2013---2014.

Variables  PRcr  95%  CI  pa PRaj  95%  CI  pa

Excess  weight 1.06  0.98---1.16  0.103  1.13  1.04---1.22  0.002
Common mental  disorders 1.41  1.28---1.56 0.000  1.30  1.19---1.43  0.000
Female sex 0.96  0.88---1.04  0.357  –  –  –
Private school 1.07  0.84---1.37 0.543  –  –  –
Age group 2.31  2.11---2.53  0.000  2.29  2.08---2.50  0.000

95% CI, 95% confidence interval; PRcr, crude prevalence ratio; PRaj, prevalence ratio adjusted for asthma, nutritional status, common
mental disorders, gender, school type.

a Poisson regression p-values.

Table  4  Multivariate  analysis  between  current  asthma,  short  sleep  duration,  and  confounding  factors.  Study  of  Cardiovascular
Risks in  Adolescents  (ERICA),  Brazil,  2013---2014.

Variables  PRaj  95%  CI  pa

Short  sleep  duration  1.17  1.01---1.35  0.034
Excess weight 1.13  1.01---1.27  0.033
Presence common  mental  disorders 1.85  1.67---2.04  0.000
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a Poisson regression p-values.

iscussion

he  prevalence  of  current  asthma  in  adolescents  was
ignificantly  associated  with  SSD,  regardless  of  possible  con-
ounding  factors  such  as  ‘‘excess  weight’’  and  the  presence
f  common  mental  disorders.  This  finding  is  consistent  with
hose  of  other  national  and  international  studies.  Urrutia-
ereira  et  al.,  in  a  recent  study  involving  700  children  aged
---10  years  with  asthma  and/or  rhinitis  and  454  controls
rom  Latin  American  countries,  including  Brazil,  showed  that
atients  with  asthma  had  the  worst  scores  on  the  Sleep
abits  Questionnaire,  completed  by  their  caregivers,  in
omparison  to  controls.  This  finding  was  present,  even  when
sthma  treatment  was  adequate,  suggesting  that  the  dis-
ase  causes  sleep  impairment  even  when  well  controlled.17

n  2013,  2529  11-year-old  children  participating  in  the  Pre-
ention  and  Incidence  of  Asthma  and  Mite  Allergy  Study
PIAMA)  answered  questionnaires  on  different  aspects  of

leep.  Those  with  more  frequent  asthma  symptoms  reported
reater  fatigue  and  drowsiness  throughout  the  day,  regard-
ess  of  bedtime,  duration,  and  quality  of  sleep.9 On  the

i
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39
ther  hand,  in  2014,  Meltzer  et  al.,  in  a  study  involving
98  adolescents  between  12---17  years  old,  51%  male  and
8%  with  asthma,  assessed  sleep  duration,  sleep  hygiene,
nd  insomnia  in  patients  with  and  without  asthma.  There
as  no  significant  association  between  sleep  duration  and
sthma,  although  patients  with  severe  asthma  reported
ore  insomnia  than  non-asthmatics,  in  addition  to  having
ore  sleepiness  during  the  day.10

The  association  between  asthma  and  sleep  was  also
ssessed  by  longitudinal  studies.  Krouse  et  al.  compared
he  sleep/wake  cycles  of  individuals  with  mild  to  moder-
te/persistent  asthma  and  controls  for  seven  consecutive
ays,  using  wrist  actigraphy,  and  observed  a  positive  asso-
iation  between  the  level  of  asthma  control  and  the  quality
f  sleep.18 Another  study  followed  38  patients  between  9
nd  19  years  of  age  with  asthma  for  two  weeks,  showed
hat  a  lower  number  of  sleep  hours  was  associated  with  a
ower  peak  expiratory  flow  (PEF)  and  less  release  of  morn-

ng  cortisol,  but  without  association  with  greater  severity  of
sthma  symptoms.  However,  those  who  reported  worse  sleep
uality  did  not  show  a  functional  change  or  cortisol  release;
onetheless,  they  reported  more  severe  asthma  symptoms

9
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he  next  day.19 The  authors  conclude  that  the  amount  of
leep  can  predict  biological  outcomes  (PEF%,  morning  cor-
isol  levels),  while  sleep  quality,  a  subjective  measure,  was
elated  to  the  self-reported  severity  of  asthma  symptoms,  a
ubjective  outcome.19

Collectively,  these  results  point  to  an  association
etween  SSD  and  the  presence  of  asthma  and  severity  of
ymptoms,  and  suggest  a  possible  bi-directionality  of  this
ssociation.  However,  due  to  the  cross-sectional  character
f  the  present  study,  it  was  not  possible  to  infer  this  hypoth-
sis.

Evidence  suggests  that  not  getting  enough  sleep  is  often
he  result  of  poor  sleep  hygiene,20 a  collective  term  used
o  refer  to  behaviors  and  habits  that  can  either  facilitate
leep  or  inhibit/interfere  with  sleep.  These  measurements
ncludes  creating  an  environment  that  is  conducive  to  sleep,
uch  as  having  a  consistent  routine,  and  avoiding  caffeine
efore  bed,  avoiding  use  of  technology  before  bed,  and  reg-
lating  the  temperature  of  the  bedroom.20

Regarding  the  sleep  pattern,  girls  seem  to  sleep  more
ours  than  boys,  as  was  observed  in  meta-analysis.21 How-
ver,  among  ERICA  participants,  boys  in  the  12−14  year  age
roup  had  a  longer  mean  sleep  duration  than  girls,  and  from
5  years  of  age  there  was  a  more  pronounced  decline  in
he  number  of  hours  of  sleep.22 In  the  present  sample,  after
djusting  of  the  multivariate  model,  both  sex  and  age  group
id  not  show  independence  in  relation  to  the  association
etween  asthma  and  SSD.

An  association  was  found  between  asthma  and  the  pres-
nce  of  excess  weight,  a  finding  that  has  been  widely
escribed  in  the  literature.23 The  so-called  ‘‘asthma-obese’’
as  been  recognized  as  a  distinct  phenotype  with  increasing
ncidence  in  childhood  and  adolescence,  and  is  associated
ith  a  poor  response  to  standard  anti-inflammatory  treat-
ent  with  corticosteroids,  with  worse  disease  control.24 A
eta-analysis  revealed  twice  the  risk  of  developing  asthma

n  obese  children  compared  to  eutrophic  children,  suggest-
ng  that  obesity  is  an  independent  risk  factor  for  asthma.25 A
tudy  carried  out  among  high  school  students  from  Florida,
nited  States,  evaluated  whether  the  BMI  changed  the  asso-
iation  between  sleep  duration  and  asthma.  It  was  observed
hat  SSD  was  associated  with  asthma  in  overweight  ado-
escents,  while  no  significant  association  was  seen  in  those
ith  normal  BMI.26 A  recent  study  evaluating  this  association
mong  ERICA  participants,  showed  that  SSD  is  associated
ith  overweight/obesity  (PR:  1.08;  95%  CI:  1.00---1.17).27 In

he  present  sample,  the  association  between  this  variable
nd  asthma  remained  significant  after  adjusting  for  SSD,
howing  that  excess  weight  is  an  independent  factor  in  the
ssociation  between  asthma  and  sleep.

Another  important  result  of  this  study  was  the  significant
ssociation  between  asthma  and  common  mental  disor-
ers.  It  is  noteworthy  that  it  had  a  high  prevalence  among
he  participants  in  this  study,  about  30%,  with  this  pro-
ortion  being  higher  among  girls  and  in  the  age  group  of
5---17  years.  As  observed  in  relation  to  obesity,  the  associa-
ion  between  asthma,  SSD,  and  common  mental  disorders
emained  after  adjusting  for  possible  confounding  varia-
les.  This  finding  is  corroborated  by  other  international

tudies.  Anxiety,  depression,  denial  of  the  disease,  and  pres-
nce  of  family  conflicts  have  been  associated  with  lower
dherence  to  treatment  and  higher  morbidity  and  mortality
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rom  asthma.28 In  addition,  the  analysis  of  emotional  and
ehavioral  disorders  conducted  in  children  and  adolescents
ith  asthma  shows  a  higher  prevalence  of  emotional  disor-
ers  among  these  individuals  than  the  general  population.28

urthermore,  studies  suggest  that  there  is  an  interaction
etween  sleep  behavior  and  psychopathology  so  that  sleep
roblems  contribute  to  the  intensity  and  maintenance  of
ental  disorders,  and  the  treatment  of  both  conditions

eems  to  influence  each  other  in  a  positive  way.29

The  present  study  has  limitations  inherent  to  its  cross-
ectional  design,  which  does  not  allow  establishing  causal
elationships  between  the  variables  studied.  More  precise
bjective  measures  on  sleep  duration  such  as  actigraphy
nd  polysomnography  were  not  performed  due  to  the  diffi-
ulty  of  using  these  methods  in  epidemiological  studies  with
arge  sample  sizes.  However,  self-reported  sleep  duration
s  widely  indicated  and  used  worldwide  to  measure  sleep
uration  in  adolescents.  In  addition,  studies  report  that
uestionnaires  are  a  reliable  measure  and  that  self-reported
leep  duration  estimates  are  similar  to  actigraphy.30 How-
ver,  the  size  and  representativeness  of  the  sample,  the  use
f  standardized  questionnaires,  and  the  control  and  quality
f  the  data  support  the  importance  of  these  findings.

There  was  an  association  between  the  presence  of
sthma  and  SSD,  regardless  of  sociodemographic  factors,
eight  status,  and  psychological  distress  among  Brazilian
dolescents.  Considering  the  high  prevalence  and  morbidity
f  asthma  in  this  age  group,  the  promotion  of  sleep  hygiene
hould  be  considered  as  a  possible  health  strategy  aimed  at
ontributing  to  a  better  control  of  asthma  in  this  population.

onflicts of interest

he  authors  declare  no  conflicts  of  interest.

ppendix A. Supplementary data

upplementary  material  related  to  this  article  can  be
ound,  in  the  online  version,  at  doi:https://doi.org/10.
016/j.jped.2020.07.007.

eferences

1. Global Innitiative for Asthma [cited 10 Jan 2020]. Available
from: www.ginasthma.org, 2019.

2. Solé D, Waldalsen GF, Camelo-Nunes IC, Naspitz CK, ISAAC ---
Brazilian group. Prevalence of symptoms of asthma, rhinitis
and atopic eczema among Brazilian children and adolescents
identified by the International Study of Asthma and Allergies in
Childhood (ISAAC) ---- phase 3. J Pediatr (Rio J). 2006;82:341---6.

3. Kuschnir FC, Gurgel RQ, Solé D, Costa E, Felix MM, Oliveira CL,
et al. ERICA: prevalência de asma em adolescentes brasileiros.
Rev Saude Publica. 2016;50:S13.

4. Pereira EF, Barbosa DG, Andrade RD, Claumann GS, Pelegrini
A, Louzada FM. Sono e adolescência: quantas horas os adoles-
centes precisam dormir? J Bras Psiquiatr. 2015;64:40---4.
L, et al. National Sleep Foundation’s sleep time duration recom-
mendations: methodology and results summary. Sleep Health.
2015;1:40---3.

0

https://doi.org/10.1016/j.jped.2020.07.007
https://doi.org/10.1016/j.jped.2020.07.007
http://www.ginasthma.org
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0010
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0015
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0020
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0025


 202

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

Jornal  de  Pediatria

6. Millman RP. Excessive sleepiness in adolescents and young
adults: causes, consequences and treatment strategies. Pedi-
atrics. 2005;115:1774---86.

7. Carskadon MA. Sleep in adolescents: the perfect storm. Pediatr
Clin North Am. 2011;58:637---47.

8. Sutherland E. Nocturnal asthma. J Allergy Clin Immunol.
2005;116:1179---86.

9. Van Maanen A, Wijga AH, Gehring U, Postma DS, Smit HA, Oort
FJ, et al. Sleep in children with asthma: results of the PIAMA
study. Eur Respr J. 2013;41:832---7.

0. Meltzer LJ, Ulrich M, Szefler SJ. Sleep duration, sleep hygiene,
and insomnia in adolescents with asthma. J Allergy Clin Immunol
Pract. 2014;2:562---9.

1. Vasconcellos MTL, Silva PLN, Szklo M, Kuschnir MCC, Klein CH,
Abreu GA, et al. Sampling design for the Study of Cardiovascular
Risk in Adolescents (ERICA). Cad Saude Publica. 2015;31:1---10.

2. Bloch KV, Szklo M, Kuschnir MC, Abreu GA, Barufaldi LA, Klein
CH, et al. The study of cardiovascular risk in adolescents ----
ERICA: rationale, design and sample characteristics of a national
survey examining cardiovascular risk factor profile in Brazilian
adolescents. BMC Public Health. 2015;15:94.

3. Solé D, Vanna AT, Yamada E, Rizzo MC, Naspitz CK. International
Study of Asthma and Allergies in Childhood (ISAAC) written ques-
tionnaire: validation of the asthma component among Brazilian
children. J Invest Allergol Clin Immunol. 1998;8:376---82.

4. Abreu GA, Silva TLN, Teixeira LR, Bloch KV. Análise da qualidade
da informação autorreferida sobre duração do sono de escolares
do Estudo de Riscos Cardiovasculares em Adolescentes (ERICA).
Cad Saude Publica. 2019;35:e001529.

5. Lopes CS, Abreu GA, Santos DF, Menezes PR, Carvalho KM, Cunha
CF, et al. ERICA: prevalência de transtornos mentais comuns em
adolescentes brasileiros. Rev Saude Publica. 2016;50:S14.

6. Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of WHO growth reference for school-aged children
and adolescents. Bull World Health Organ. 2007;85:660---7.

7. Urrutia-Pereira M, Solé D, Chong Neto HJ, Acosta V, Cepeda AM,
Alvarez-Castelló M, et al. Sleep disorders in Latin-American chil-
dren with asthma and/or allergic rhinitis and normal controls.

Allergol Immunopathol (Madr). 2017;45:145---51.

8. Krouse HJ, Yarandi H, Mcintosh J, Cowen C, Selim V. Assessing
sleep quality and daytime wakefulness in asthma using wrist
actigraphy. J Asthma. 2008;45:389---95.

3

40
1;97(4):396---401

9. Hanson MD, Chen E. Brief report: the temporal relationship
between sleep, cortisol and lung functioning in youth with
asthma. J Pediatr Psychol. 2008;33:312---6.

0. Irish LA, Kline CE, Gunn HE, Buysse DJ, Hall MH. The role of
sleep hygiene in promoting public health: a review of empirical
evidence. Sleep Med Rev. 2015;22:23---36.

1. Olds T, Blunden S, Petkov J, Forchino F. The relationships
between sex, age, geography and time in bed in adolescents:
a meta-analysis of data from 23 countries. Sleep Med Rev.
2010;14:371---8.

2. Borges MA. Duração do sono e excesso de peso em adoles-
centes brasileiros: estudo ERICA. 2017. [Dissertation]. Vitória:
Programa de Pós-Graduação em Saúde Coletiva, Universidade
Federal do Espírito Santo; 2017.

3. Kuschnir F, Cunha A. Association of overweight with asthma
prevalence in adolescents in Rio de Janeiro, Brazil. J Asthma.
2009;46:928---32.

4. Forno E, Lescher R, Strunk R, Weiss S, Fuhlbrigge A, Celedón
JC. Childhood Asthma Management Program Research Group.
Decreased response to inhaled steroids in overweight and obese
asthmatic children. J Allergy Clin Immunol. 2011;127:741---9.

5. Chen YC, Dong GH, Lin KC, Lee YL. Gender difference of
childhood overweight and obesity in predicting the risk of inci-
dental asthma: a systematic review and meta-analysis. Obes
Rev. 2013;14:222---31.

6. Bakour C, O’Rourke K, Schwartz S, Wang W,  Sappenfield W,
Couluris M. Sleep duration, obesity, and asthma, in Florida ado-
lescents: analysis of data from the Florida Youth Risk Behavior
Survey (2009---2013). Sleep Breath. 2017;21:1039---45.

7. Oliveira G, Silva TLN, Silva IB, Coutinho ESF, Bloch KV, Oliveira
ER. Aggregation of cardiovascular risk factors: alcohol, smoking,
excess weight, and short sleep duration in adolescents in the
ERICA study. Cad Saude Publica. 2019;35:e00223318.

8. Bosley CM, Fosbury JA, Cochrane GM. The psychological factors
associated with poor compliance with treatment in asthma. Eur
Respir J. 1995;8:899---904.

9. Schnatschmidt M, Schlarb A. Review: sleep and mental disor-
ders in childhood and adolescence. Z Kinder Jugendpsychiatr

Psychother. 2018;46:368---81.

0. Wolfson AR, Carskadon MA, Acebo C, Seifer R, Fallone G, Labyak
SE, et al. Evidence for the validity of a sleep habits survey for
adolescents. Sleep. 2013;26:213---6.

1

http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0030
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0035
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0040
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0045
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0050
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0055
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0060
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0065
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0070
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0075
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0080
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0085
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0090
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0095
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0100
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0105
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0110
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0115
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0120
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0125
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0130
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0135
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0140
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0145
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150
http://refhub.elsevier.com/S0021-7557(20)30202-3/sbref0150

	Association between asthma and sleep hours in Brazilian adolescents: ERICA
	Introduction
	Methods
	Study design and population
	Data collection
	Exposure and outcome variables
	Statistical analysis
	Ethical aspects

	Results
	Discussion
	Conflicts of interest
	Appendix A Supplementary data
	References


