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Abstract

Introduction:  The  heritability  of  eating  disorders  has  been  estimated  to  range  from  22%  to

over 62%.  The  aim  of  this study  is  to  determine  the relative  influence  of  genetics  and  envi-

ronment that  contribute  to  the  drive  for  thinness,  body  dissatisfaction,  perfectionism,  and

ineffectiveness,  by  evaluating  sex  differences  in a  sample  of  adolescent  twins  from  Valencia,

Spain.

Material  and  methods:  Five  hundred  eighty-four  pairs  of  adolescent  twins  between  13  and  18

years of  age  completed  the  study.  To  determine  zygosity,  teachers  responded  to  a  questionnaire

on physical  similarity.  Psychological  traits  of eating  disorders  were  assessed  with  four  sub-scales

of the  Eating  Disorder  Inventory  (EDI);  drive  for  thinness,  body  dissatisfaction,  perfectionism,

and ineffectiveness.  Twin  models  were  used  to  assess  genetic  and  environmental  (common  and

unique) factors  affecting  these  four  psychological  traits.

Results: All  four  traits  showed  significant  genetic  contributions  among  girls,  with  heritability

estimates  of  37.7%  for  ineffectiveness,  42.8%  for  perfectionism,  56.9%  for  drive for  thinness,

and 65.5%  for  body  dissatisfaction.  Among  boys,  body  dissatisfaction  showed  no  additive  genetic

contributions,  indicating  significant  shared  and  individual  specific  environment  effects.  The

three other  traits  in boys  showed  significant  additive  genetic  contributions,  but  were  lower

than in girls.
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Conclusions:  With  the  exception  of  body  dissatisfaction  in boys,  psychological  traits  of eating

disorders show  heritability  patterns  that  differ  according  to  sex.

© 2014  SEP  y  SEPB.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.
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Influencias  genéticas  y ambientales  en  rasgos  psicológicos  y  actitudes  alimentarias

en  una  población  escolar  española

Resumen

Introducción:  La  heredabilidad  de los  trastornos  de la  conducta  alimentaria,  como  la  anorexia

nerviosa  y  la  bulimia  nerviosa,  se  ha  estimado  alrededor  del 22%  al  62%.  El  objetivo  del presente

trabajo es  determinar  la  influencia  de  los  factores  genéticos  y  ambientales  que  contribuyen  en

la expresión  de  los  factores  psicológicos  medidos  a  través  del Eating  Disorders  Inventory, en

función  del  sexo,  en  adolescentes  de la  Comunidad  Valenciana  (España).

Material  y  métodos:  Quinientas  ochenta  y  cuatro  parejas  de gemelos  de 13  a  18  años  de  edad.

Para determinar  la  cigosidad  los  profesores  rellenaron  un  cuestionario  de  similitud  física.  Se

aplicaron  las  subescalas  del  Eating  Disorders  Inventory,  impulso  a  la  delgadez,  insatisfacción

corporal,  perfeccionismo  e ineficacia.  Se ha  realizado  una  modelización  de  las  mismas  para

establecer los  componentes  genéticos  y  ambientales  (comunes  y  específicos)  de su varianza.

Resultados:  En  las  niñas  las  4 variables  mostraron  un componente  de heredabilidad,  del  37,7%

para la  ineficacia,  del 42,8%  para  el  perfeccionismo,  del 56,9%  para  el  impulso  a la  delgadez  y

del 65,5%  para  la  insatisfacción  corporal.  En  los  niños  se  descarta  una  influencia  genética  para

la insatisfacción  corporal,  que aparece  influenciada  exclusivamente  por  factores  ambientales.

El resto  de  variables  mostraron  un  componente  heredable,  pero  en  menor  medida  que  en  las

niñas.

Conclusiones:  A  excepción  de  la  IC en  niños,  las  actitudes  y  comportamientos  alimentarios

muestran un  patrón  parcialmente  heredable,  que  varía  en  función  del  sexo.

© 2014  SEP  y  SEPB.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los derechos  reservados.

Introduction

The genetics  of  psychiatric  disorders  is  complex,  and it  is
complicated  further  by  gene---gene  and  gene---environment
interactions.  Many  genes  interact,  giving  rise  to  the  activa-
tion  of  multiple  neuronal  circuits  resulting  in the  appearance
of  behavioural  variations.1 Studies  of  twins  are  a  source  of
information  about  the genetic  bases  of  complex  traits;  com-
paring  monozygotic  (MZ)  and  dizygotic  twins (DZ)  makes  it
possible  to  evaluate  the  importance  of  genetic  variability  in
the  likelihood  of  suffering  a disease.2

The  heritability  of  eating  disorders  (ED),  their  symptoms
and  behavioural  traits  have  been  evaluated  using  multiple
records  of  twins  in  North  American,  Australian  and  Euro-
pean  populations,  among  others. Anorexia  nervosa  (AN)  has
been  found  to  be  heritable  in  from  22%  to 58%  of  cases,3---6

while  bulimia  nervosa  (BN)  is  so  in  from  55% to  62%  of
cases.3,5,7,8 Abnormal  eating  behaviours  such  as  ‘‘intentional
weight  loss’’,  ‘‘over-eating’’  and  ‘‘gorging’’  have  also  been
estimated  to  be  heritable  in  from 14%  to  51%  of  cases.9---11

Less  is known  about  the genetic  factors  which  influ-
ence  the  personality  traits  that  are associated  with  ED.
Perfectionism  has been  said  to  be  heritable  in 29%---42%
of  cases,12---14 while  for  the  desire  to  be  thin  (DT)  this
ranges  from  44%  to  59.4%,15,16 for  bodily  dissatisfaction

(BD)  from  49%  to  60%15,17 and  inefficacy  from  0% to  37%.12,16

Nevertheless,  no Spanish  research  has evaluated  all  of  these
psychological  factors,  which are  ED  risk  factors,  together
in  the same  sample  of twins.

The  aim  of  our  work  was  to  evaluate  the heritability  of
several  core  psychological  aspects  of  ED  measured  using  the
‘‘Eating  Disorders  Inventory’’  (EDI)  in a  sample  of  Spanish
twins.  This  is  the  first  such study  to  be undertaken  in  our
country,  and it analyses  the  influence  of  genetic  factors
in  the  expression  of  perfectionism,  DT, BD and  inefficacy
according  to  sex.

Material and methods

The  sample

The  population  and data  of this  study  originate  in an  insti-
tutional  project  for  the  diagnosis and  treatment  of  eating
disorders  which  the  Dirección  General  de Salud  Pública  and
Consellería  de  Educación  of  the  Valencian  Autonomous  Com-
munity  (Spain)  have  been  running  for  a decade  (the  DITCA
project).  Participation  is voluntary  and it is  open  to  all of  the
schools  in the Valencian  Community.  The  overall  purpose  of
the  project  is the primary  prevention  and  early  detection  of
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ED  (AN,  BN  or  non-specific  ED)  in the adolescent  population.
The  students  who  took  part,  with  their  parents’  consent,
answered  the  EDI  questionnaire  in  school  hours.  This  project
has  been  described  in previous  publications.18 The  target
population  was  aged  from  13  to  18  years  old.  Replicating
previous  studies,19 based on their  initials,  date of birth and
school,  584  pairs  of twins  were  identified  and  took  part in
this  study.

Zygosity  determination

The  psychological-pedagogical  departments  in the schools
confirmed  that  each  pair  included  were  brothers  or  sisters,
and  they  helped  to  determine  their  zygosity.  The  teachers
filled  out  a  questionnaire  on  physical  similarity  for  all  of  the
pairs  of twins.  This  questionnaire  had  previously  been  used
in  other  studies  of  twins,  and it makes  it possible  to  cor-
rectly  classify  96%  of  pairs  of  twins  regarding  their  zygosity.20

The  validity  of  the determination  of  zygosity  by  the teachers
was  evaluated  for  108  pairs  in which  the  questionnaire  had
been  answered  by  the  teacher  or  (telephonically)  by  their
father/mother.  Cohen’s  Kappa  between  the  classification  of
the  parents  and teachers  was  0.94  (P  <  0.001).  This  statis-
tic  measures  the agreement  between  judges’  opinions  when
they  are  evaluating  the same  thing.  A value  of 1 indicates
a  perfect  agreement.  This  result  shows  a significant  degree
of  agreement  between  teachers  and  parents  which  makes
it  possible  to  consider  this  evaluation  of  zygotic  status  as
valid.

Eating  Disorder  Inventory

The  Eating  Disorder  Inventory  (EDI)21 is  a  self-applied
questionnaire  designed  to  evaluate  psychological  risks  and
shared  behaviours  in  AN  and  BN.  It consists  of  64  items
grouped  in  8 sub-scales,  of  which 4  are used in this  study:
DT,  BD,  inefficacy  and  perfectionism.

The BD sub-scale  measures  degree  of  satisfaction  with
specific  areas  of the body21 such  as  the  waists,  thighs  or
buttocks.  Its  Cronbach’s  �  stands  at 0.70.  The  DT  sub-scale
evaluates  restrictive  tendencies,  the desire  to  lose weight
and  fear  of  weight  gain,21 with  a  Cronbach’s  ˛  of 0.81.  The
inefficacy  sub-scale  examines  questions  such as  negative
self-evaluation,  feelings  of  emptiness  and  solitude,21 and
it  has  a  Cronbach’s  ˛  of  0.60.  The  perfectionism  sub-scale
examines  this trait using  6 questions  such as  ‘‘my  goals  are
too  high’’,21 and  its  Cronbach’s  ˛  is  0.60.

Descriptive  statistics

The  descriptive  statistics  corresponding  to  the  4  variables
studied  were  calculated  using  the SPSS  v.17  (SPSS,  2007)
computer  programme.  Differences  between  the sexes  were
examined  using  the Student’s  t  test.

Evaluation  of the  presumption  of environmental
equality

Studies  of twins  make  it necessary  to  assume  what  is
known  as  the  environmental  equality  assumption  (EEA),  as

if this is  not  so it may  generate  errors  in the  estimation
of  heritability.22 With  the  aim  of determining  whether  the
EEA  was  correct  a  telephonic  questionnaire  was  adminis-
tered  to  the  parents,  based  on  different  experiences  of  their
children  during  infancy.23 This  questionnaire  had  been  used
beforehand  in other  studies  of  twins.10,24,25 It  includes  a  sec-
tion  on  co-socialisation  and  another  on  parental  treatment.
The  co-socialisation  section  evaluates  whether  the twins  go
to  school  together,  have  the  same  teacher  or  do  sports  or
play  together.  Parental  treatment  includes  questions  about
whether  the twins  dress  the same,  share  a room  or  spend  a
lot  of time  together.  To  analyse  these  questions  in connec-
tion  with  the  psychological  variables,  we  calculate  Pearson’s
correlation  coefficients  (r) between  co-socialisation  varia-
bles  and  those  in connection  with  parental  treatment  and
the difference  between  the  pair in  terms  of  these  variables.
A  significantly  negative  correlation  (P <  0.05)  would  indicate
that  the  twins  with  the  highest  degree  of  shared  experiences
present  more  similarities  in terms  of  the  trait  in question,
and  therefore  the highest  degree  of  non-conformity  with
the EEA.  We  also  separately  compare  the average  total  val-
ues  for  co-socialisation  and  parental  treatment  in  MZ  and
DZ  twins.  Opposite  sex  DZ  twins were  excluded  from  this
analysis  to  prevent  differences  in sex  from  influencing  the
results.

Genetic  and  environmental  differences

The  genetic  set  or  genotype  is  the total  number  of  genes  that
each  individual  has,26 and  this  remains  invariable  throughout
their  life.  Heritability  is  an  estimation  of genes  phenotyp-
ical  expression  capacity  in a  specific  population  and  at a
certain  time.27---29 It  may  be defined  as  the  proportion  of  dif-
ferences  between  individuals  in a population  for  a  certain
trait  and  at a certain  time,  due  to  the  genetic  differences
between  them.  Analysis  of  the similarity  between  MZ  and
DZ  twins  was  introduced  by  Siemens,2 who  formulated  the
basic  rule for twin  pathology:  a heritable  disorder  would  be
more  concordant  among  identical  twins  than  it  is  among  non-
identical  ones,  while  concordance  would  be lower  among
non-siblings.  Twin  studies  are  based  on the determination  of
causes  of variation  in a trait in a  population,  using  covaria-
tion  between  (MZ  and DZ)  twins in the said  trait  as  the  source
of  information.30 Based  on  this  we  modelled  our  sample  of
twins  using  lineal  structural  equations,  with  the following
suppositions  as  causes  for  variance:  additive  genetic  effects
(A),  the effects  of  a  common,  shared  or  family  environ-
ment  (C) and  the effects  of a  specific  or  unique  environment
(E).  The  presence  of  these  latent  variables  is  inferred  from
observed  data  rather  than  by  direct  measurement.  Person-
ality traits  do  not follow  Mendalian  heritability,  and  their
expression  is  influenced  by  multiple  genetic  factors.  The
sum  of  their  effects  (additive  genetics)  will  determine  their
expression.  Shared  environmental  factors  (C)  contribute  to
similarity  between  both  twins;  they  reflect  the environmen-
tal  influences  to  which  both  twins  are  exposed.31 Specific
environmental  factors  (E) are the influences  which  one  twin
is  exposed  to  while  the other  is  not, leading  to  differences
between  them.  Given  that  measurement  errors  may  also
generate  differences  between  the twins,  they  have  tradi-
tionally  been  considered  to  be included  in  E.22,31
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Basing  ourselves  on  theoretical  knowledge  of  the  subject,
lineal  structural  equation  models  (SEM)  were constructed
that  were  able  to represent  the  reality  underlying  the
4  traits.  The  contribution  by  the latent  variables  was
estimated  as  a regression  of  the coefficients  in a  lineal
regression  of the  observed  variable  with  the latent  varia-
bles.  The  MX  programme  makes  it possible  to  estimate  these
parameters  using  the ‘‘normal  theory  of  maximum  similar-
ity’’  and  ‘‘minimum  weighted  squares’’.2 ACE,  AE,  CE  and
E  models  were  constructed,  consisting  of  different  combi-
nations  of  A,  C  and  E.  To  determine  which model  best fits
the  contribution  of  each  one of  the causal factors  to  the
variable  studied  we  used the  x2 statistic  for  goodness  of
fit  and  its associated  P  values.  A  high  P  value  (>0.05)  indi-
cates  a  good  fit.  We  compare  the  fit  of the  ACE  model  with
that  of  the  AE,  CE  and  E submodels  by  using  the difference
between  their  associated  x2 statistics.  When  this  comparison
did  not  show  any  significant  differences  (P  >  0.05),  we  used
the  Akaike  Information  Criterion  (AIC)32 as  the goodness  of
fit  indicator,  so  that  we  select  the model  with  the lowest
AIC  as  the  one  which  best  fits  with  the  data,  as  it  suggests  a
more  parsimonious  explanation.

Results

Sample  characteristics

The  sample  was  composed  of  200 MZ  twins  (34.2%)  and 384
DZ  twins  (65.7%).  118  of  the MZ  twins were  girls  and  82
were  boys.  189  of the  DZ  twins  were  of the  same  sex (102
girls  and  87  boys)  while  195 were  of opposite  sexes.  Their
average  age  was  14.01  ±  1.04  years  old, with  no  statisti-
cally  significant  differences  between  the  MZ and  DZ  twins
(P  =  0.188).

Descriptive  statistics

Table  1  shows  the  average  scores  for  the scales  evaluated  in
the  sample  of  twins.  The  only variable  with  a significantly
higher  average  score  for boys versus  girls  was  perfectionism.

Evaluation  of the environmental  equality
assumption

No significant  negative  association  was  detected  between
common  co-socialisation,  intra-pair  similarity  and  the traits
studied.  Nor  were  there  significant  differences  in  the degree
of  co-socialisation  between  MZ  and DZ  twins.  No  departure
from  the  EEA  was  found.

Genetic  and  environmental  influences

Table  2 shows  the intra-pair  correlation  for  the DT,  BD,
inefficacy  and  perfectionism  variables  according  to  zygos-
ity.  Comparison  of  Pearson’s  correlation  coefficients  for  MZ
and  DZ  twins  is  the first  step in  evaluating  the  influence  of
genetic  and  environmental  factors  on  individual  differences
in  the  expression  of  these  traits.  This  gives a  first  intuitive
idea of  the  proportion  of  the variance  that  is  explained
by  genetic  factors  (heritability).  A higher  correlation  in MZ
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Table  2  Measurements  of  intra-pair  correlation  in  the  phenotypes  DT,  BD,  inefficacy  plus  low  self-esteem  and  perfectionism.

DT  BD  Inefficacy  Perfectionism

Sx,y r  Sx,y r Sx,y r  Sx,y r

MZ  girls  13.47  0.58** 23.21  0.64** 3.95  0.29** 5.37  0.43**

MZ  boys  2.18  0.31** 3.82  0.22* 4.03  0.38** 4.53  0.32**

Total  MZ  9.42  0.55** 15.53  0.54** 4.13  0.33** 5.07  0.38**

DZ  same  sex  girls  2.08  0.11  9.31  0.27** 3.32  0.25* 1.49  0.12

DZ same  sex  boys −0.11  −0.01  6.93  0.21* 0.64  0.05  0.63  0.05

DZ total  same  sex 1.09 0.06 8.30 0.24** 2.07  0.16* 1.32  0.10

DZ opposite  sex 2.40 0.11 4.81 0.15* 1.05 0.11 2.29  0.19**

DZ  totals 1.73 0.09 6.51 0.20** 1.54 0.14** 1.82 0.14**

Total  4.30  0.22** 9.69  0.30** 2.40  0.20** 2.91  0.23**

DZ: dizygotic; BD: bodily dissatisfaction; DT: desire to be thin; MZ: monozygotic; r: Pearson’s intra-pair correlation coefficient; Sx,y:

intra-pair covariance.
* Significant correlation at 0.05.

** Significant correlation at 0.01.

twins  than  in  DZ  ones  indicates  that  a  trait is  heritable
to  a  certain  extent;  the greater  the  difference  between
both  types  of twin,  the greater  the  degree  of  heritability
we  expect.  If we  make  this comparison  separately  for boys
and  girls  we  will  obtain  information  on  the  quantitative  dif-
ferences  between  the sexes  in trait  heritability.  When  the
difference  between  the correlation  in MZ  and  DZ  twins  is
greater  in one sex  than  the other,  this will  also  be  the case
for  the  heritability  of  the trait.

In all  of  the variables  studied  we  found that  MZ  twins
present  a higher  correlation  than  DZ  ones,  indicating  that
the  trait  may  be  heritable.  When  we  analysed  this  accord-
ing  to  sex,  only for  the  BD  variable  in boys did we find
very  similar  correlations  between  MZ  (0.22)  and  DZ  (0.21)
twins,  suggesting  that  this  trait  is  less  heritable  in boys than
it  is  in  girls,  and  that  possible  BD  is  not  heritable  in the
latter.

Table  3  shows  the good  of  fit scores  of  the  best  models
for  the  4  traits  extracted  in  MZ  and  DZ  twins of  the  same  sex
(boys  and  girls,  respectively).  It also  shows  the proportions
of  variance  that  are explained  by  genetic  or  environmental
factors.  The  BD  95%  are  also  included,  showing  that  none
of  them  includes  the value  0, so that  we are able  to  accept
that  our  results  are valid.

Except  for BD  in boys,  for  all  of  the  variables  evaluated
the  model  that  fit the  best  was  AE.  This  implies  that  the
expression  of the  analysed  traits  is  basically  influenced  by
specific  genetic  and  environmental  factors.

For  BD  in  boys  the best model  is  the non-genetic  model
CE,  implying  that  its  expression  is  determined  by  common
and  specific  environmental  factors.

Discussion

Our  study  reveals  notable  differences  in heritability  and
environmental  influences  on  the sex-based  expression  of  dif-
ferent  eating  behaviours  and  attitudes.

The  heritability  of  the DT  and  perfectionism  varia-
bles  was  practically  double  in girls  (at  56.9%  and  42.8%,

respectively)  than  in boys (25.9%  and  28.7%,  respectively).
Heritability  was  found  to  be similar  in both  sexes  for
inefficacy  at 34%  and  37.6%  in boys and girls,  respectively,
while  the rest  of  the variance  was  due  to  the  specific
environment.  Lastly,  for  BD the influence  of  genetic  factors
was  ruled  out  in  boys,  and variance  in  this  was  attributed
to  environmental  factors  (common  in 22%  and  specific
in 78%  of  cases).  On the other  hand,  for  BD  the  girls
showed  65.5%  heritability,  with  a  contribution  by  E  of
34.5%.

Differences  between  the sexes  for patterns  of DT  and
BD  heritability  were  studied  by  the Finnish  group  Keski-
Rahkonen  et  al.  (2005).  In 4667  twins  aged  from  22  to  27
years  old they  found  that  heritability  for  the women  was
51%  for  DT  and 59.4%  for  BD,  which  in both  cases  is  lower
than  in our  population.  However,  in the  men  the expres-
sion  of  both  traits  was  exclusively  due  to  environmental
factors,  which  in our  case  only  occurred  with  the BD  vari-
able.  Keski-Rahkonen  et al.  concluded  that the heritability
patterns  of  DT  and  BD  are  sex-specific.15 Except  for  BD
in  men  their  results  do  not  agree  with  ours.  Their  results
are  hardly  comparable  with  ours  due  to  various  reasons.
Firstly  the  age  difference  between  the  samples  must  be
taken  into  account,  as  this influences  trait expression33,34

(adolescents  versus  adults).  This  was  shown  in  a  North  Amer-
ican  study  of  680 twins  aged  11  years  old  and  608  aged 17
years  old. This  used  the  reduced  BD  sub-scale  of  the  EDI,
and  heritability  was  found  to  increase  from  49%  to  60%  with
the passing  years.17 Secondly,  cultural  differences  may  also
affect  genetic---environmental  interactions.  Lastly,  differ-
ences  may  arise  due  to  errors  in measuring  the variables.  As
other  authors  have  pointed  out, the  BD  scale  is  more  suitable
for  girls  and  young  women,  while  in boys it may  not  be  opti-
mum  for  evaluating  their  worries  about  their  appearance.35

Boys  and  girls  may  interpret  the questions  about  BD differ-
ently,  giving  rise  to  measurement  errors  in males.  The  very
high  E component  we  found (78%)  among  the boys  could  be
the  expression  of  this.

Regarding  inefficacy,  a British  study  of  246  pairs  of  twins
aged  from  18  to  45  years  old  found  a heritability  of  37%,16
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Table  3 Goodness  of  fit  scores  of  the models  which  best fit  the  data  corresponding  to  the  phenotypes  DT,  BD,  inefficacy  plus  low  self-esteem  and  perfectionism,  and  proportions

(percentages and  BD 95%)  of  variance  of  these  phenotypes  explained  by  A,  C and  E  for  each  model.

Sample  Model  Variance  components Goodness  of  fit  scores

A: Genetic  additive  (BD  95%) C:  Shared  environment  (BD  95%) E:  Unique  environment  (BD  95%) �2 Gl  P AIC

Desire  to be  thin

Total AE  0.474 (0.37---0.57) --- 0.526  (0.43---0.63) 15.321 4  0.004 7.321

Boys AE  0.259 (0.066---0.434) --- 0.741  (0.565---0.934) 1.365 4  0.850 −6.635

Girls AE  0.569 (0.436---0.674) --- 0.431  (0.326---0.564) 3.883 4  0.422 −4.117

Bodily dissatisfaction

Total AE  0.520 (0.42---0.60) --- 0.480  (0.40---0.57) 3.300 4  0.509  −4.700

Boys CE  --- 0.220  (0.071---0.359) 0.780  (0.641---0.929) 0.007 4  1.000  −7.993

Girls AE  0.655 (0.546---0.739) --- 0.345  (0.261---0.454) 0.519 4  0.972 −7.481

Inefficacy

Total AE 0.346 (0.24---0.45) --- 0.654  (0.55---0.76)  0.659  4  0.956  −7.341

Boys AE  0.340 (0.151---0.504) --- 0.661  (0.505---0.874)  1.281  4  0.865  −6.719

Girls AE  0.376 (0.227---0.505) ---  0.624  (0.495---0.773)  0.493  4  0.974  −7.507

Perfectionism

Total AE  0.370 (0.26---0.47)  ---  0.630  (0.53---0.74)  1.894  4  0.755  −6.106

Boys AE  0.287 (0.096---0.457)  ---  0.713  (0.543---0.904)  0.763  4  0.943  −7.237

Girls AE  0.428 (0.276---0.558)  ---  0.572  (0.442---0.724)  3.293  4  0.510  −4.707

AIC: Akaike’s information criterion; GL: degrees of  freedom; BD  95%: 95% interval of  confidence; P:  probability associated with �2;  �2: Chi-squared.
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which  is similar  to  ours.  A Japanese  study  of 162  pairs  of
twins  aged  from  14  to  29  years  old  ruled  out  a  genetic
influence  and  showed  a 47%  level  of  common  environmen-
tal  factors’  influence,12 which  we  did  not  detect  in our
study.  The  differences  between  these studies  support  the
hypothesis  that  phenotypic  expression  may  vary with  age
and  culture.  Our  results  are  more  similar  to  those  of  the
British  group,  which  is  culturally  closer  to us,  and  they  differ
notably  from  those  of  the Japanese  group.

For  perfectionism,  the  estimation  of  heritability  in girls
(42.8%)  is  somewhat  higher  than  the  level described  by  the
aforesaid  Japanese  group,  which  found  a  heritable  com-
ponent  of  37%.12 In  both  cases  the rest  of  the variance  in
women  was  attributed  to  the specific  environment.

The  significant  contribution  of  specific  environmental
factors  in both  sexes  and  for all of the variables  studied
agrees  with  previous  studies  of  AN  and BN,  in which  spe-
cific  environmental  factors  contribute  from  38%  to  78%.3---8

In  spite  of the importance  of  these  influences,  very  little
research  has  been  done  into  specific  environmental  risk  fac-
tors.  These  specific environmental  factors  could  explain  why
2  siblings  brought  up  in  the same  family  show  differences  in
eating  behaviour.  Examples  of environmental  aspects  that
are  not  shared  include:  differences  in  parental  treatment
(for  example,  parents  who  treat  one  child  more  severely
than  the  other),  differences  in sibling  interactions  (such  as
one  sibling  interacting  submissively  with  her  sister,  and  the
latter  reacting  with  dominant  behaviour),  events  in life  (like
a  brother  who  breaks  a leg)  and differences  in peer  group
characteristics  (such  as  if the  peer  group  of one brother
smoke  and  drink alcohol,  while  the  group  of  the other  one
does  not).22,36

The  genetics  of  ED  is  complex,  and  it is  further  compli-
cated  by  gene---gene  and gene---environment  interactions.1

Elucidating  the causes  of  ED requires  awareness  and under-
standing  of  the contribution  of  genetic  and environmental
factors.  The  genetic---environmental  interaction  implies  that
the  genetic  risk  for a disease  may  be  modified  by  the
environment.37 3  types  of  genetic---environmental  relation-
ship  have  been  described:  passive,  evocative  and  active.27,38

Passive  interaction  takes  place  when  the biological  parents
who  transmit  the genes  that promote  the development  of  a
psychological  trait,  also  play a fundamental  role  in creating
the  environment  in which  their  children  are brought  up. That
is,  the  same  parents  who  could  transmit  genes  that  predis-
pose  to an  ED may  model  forms  of  anomalous  forms  of  eating
behaviour  (restriction,  physical  exercise)  and  attitudes  (BD,
DT)  in  their  children.39 Secondly,  the genetic---environmental
relationship  may  be  evocative.  For example,  and individ-
ual  with  a  genetic  predisposition  to  an ED may  ask  their
parents  and  peers for  opinions  about  appearance  in  a  dis-
proportionate  way.  Although  the resulting  environment  may
seem  to  focus  on  appearance,  in reality  this  emphasis  is
evoked  by the search  for  reinforcement.  Lastly,  an active
genetic---environmental  relationship  arises  when an individ-
ual  with  a genetic  vulnerability  to  suffering  an  ED enters
environments  that  intensely  emphasise  the  reinforcement
about  appearance,  such as  environments  linked  to  fashion
or  gyms.38

The  differences  in  heritability  according  to  sex  found  in
our  study  and described  in  the  bibliography  may  be  due  in
part  to  variations  in the  genetic---environmental  interaction

(passive,  evocative  and  active).  The  predominant  bodily
stereotype  in Western culture is  slim.  This  standard  is
especially  strict  for  women,  who  are  subject  to  more
pressure  in the  media  about  the ideal  body as  an  instrument
to  achieve  their  goals  and  feel fulfilled.40 It is  possible
that  this  environmental  pressure  favours  increased  genetic
expression  of abnormal  attitudes  to  eating.

Although  we  cannot  directly  interfere  in the relationships
between  genes,  our  results  show  that the expression  of  the
ED  risk  factors  we studied  is affected  by  genetic  as  well
as  environmental  factors.  That  is,  environmental  influences
are  also  decisive,  and this makes  preventive  interventions
possible  by  promoting  healthy  lifestyles  for  adolescents  in
their  attitudes  to  eating  and  related  behaviour,  which  may
influence  the genetic---environmental  interaction.

This  study  suffers  from  several  limitations.  Firstly,  eval-
uation  is  transversal,  and  the  heritability  of ED and their
symptoms  change  with  age,  especially  with  the  end  of
adolescence.  It has  been  found  that  ageing  activates  the
genes  that  predispose  to  the development  of  ED,  increas-
ing  heritability  from  0% to  44%  through  the stages  of
adolescence.17,33,34,41 This  implies  that  our  results  should  not
a  priori  be extrapolated  to other  cultural  environments  or
age  ranges  other  than  those  of  our  population.  Secondly,  only
the  pairs  of  twins  in  schools  that  participated  in the DITCA
programme  were  invited  to  take  part  in this twin  study.
Recruitment  therefore  took  place  in two  stages,  which  tends
to  lead  to  more  losses.42 Lastly,  it has  to  be pointed  out  that
measuring  error  is  confused  with  the specific  environment
effect,  making  it  hard to  interpret  it with  exactitude.43

Conclusions

Our  results  emphasise  that, except  for  BD  in boys,  eat-
ing  attitudes  and  behaviours  show  a  heritable  pattern  that
varies  according  to  sex.  Given  that  heritability  is  modified
by  environmental  conditions,  we  can  intervene  in  the latter
to  modulate  the  expression  of these  traits,  especially  in the
girls  who  feel  the bodily  ideal  of  slimness  more  strongly.

Ethical  responsibilities

Protection  of  people  and  animals.  The  authors  declare  that
no  experiments  in human  beings  or  animals  were conducted
for  this research.

Confidentiality  of  data.  The  authors  declare  that  they fol-
lowed  the protocols  of  their  centre  of work  regarding  patient
data  publication.

Right  to privacy  and  informed  consent.  The  authors
obtained  the  informed  consent  of the  patients  and/or  sub-
jects  mentioned  in this paper.  This  document  is  held  by  the
corresponding  author.

Conflict of  interests

None  of  the  authors  has any  conflict  of  interests  to declare.



Genetic  and environmental  influences  on  psychological  traits  and  eating  attitude  141

References

1. Gould TD, Gottesman II. Psychiatric endophenotypes and the

development of valid animal models. Genes Brain Behav.

2006;5:113---9.

2. Boomsma D,  Busjahn A, Peltonen L. Classical twin studies and

beyond. Nat Rev Genet. 2002;3:872---82.

3. Bulik CM, Thornton LM, Root TL, Pisetsky EM,  Lichtenstein P,

Pedersen NL. Understanding the relation between anorexia ner-

vosa and bulimia nervosa in a Swedish national twin sample. Biol

Psychiatry. 2010;67:71---7.

4. Dellava JE, Kendler KS, Neale MC. Generalized anxiety disor-

der and anorexia nervosa: evidence of shared genetic variation.

Depress Anxiety. 2011;28:728---33.

5. Kortegaard LS, Hoerder K, Joergensen J,  Gillberg C, Kyvik KO. A

preliminary population-based twin study of  self-reported eating

disorder. Psychol Med. 2001;31:361---5.

6. Mazzeo SE, Mitchell KS, Bulik CM, Reichborn-Kjennerud T,

Kendler KS, Neale MC. Assessing the heritability of  anorexia ner-

vosa symptoms using a  marginal maximal likelihood approach.

Psychol Med. 2009;39:463---73.

7. Kendler KS, MacLean C, Neale M, Kessler R,  Heath A, Eaves L.

The genetic epidemiology of  bulimia nervosa. Am J Psychiatry.

1991;148:1627---37.

8. Trace SE, Thornton LM,  Baker JH, Root TL, Janson LE, Lich-

tenstein P, et al. A behavioral-genetic investigation of  bulimia

nervosa and its relationship with alcohol use disorder. Psychiatry

Res. 2013;208:232---7.

9. Mitchell KS, Neale MC, Bulik CM, Aggen SH, Kendler KS, Mazzeo

SE. Binge eating disorder: a symptom-level investigation of

genetic and environmental influences on liability. Psychol Med.

2010;40:1899---906.

10. Reichborn-Kjennerud T, Bulik CM, Tambs K,  Harris JR. Genetic

and environmental influences on binge eating in the absence of

compensatory behaviors: a population-based twin study. Int J

Eating Disorders. 2004;36:307---14.

11. Wade TD, Treloar SA, Heath AC, Martin NG. An examination of

the overlap between genetic and environmental risk factors for

intentional weight loss and overeating. Int J Eating Disorders.

2009;42:492---7.

12. Kamakura T, Ando J, Ono Y, Maekawa H. A twin study of  genetic

and environmental influences on  psychological traits of eating

disorders in a Japanese female sample. Twin Res. 2003;6:292---6.

13. Tozzi F, Aggen SH, Neale BM, Anderson CB, Mazzeo SE, Neale

MC, et al. The structure of  perfectionism: a twin study. Behav

Genet. 2004;34:483---94.

14. Wade TD, Bulik CM. Shared genetic and environmental risk fac-

tors between undue influence of body shape and weight on

self-evaluation and dimensions of  perfectionism. Psychol Med.

2007;37:635---44.

15. Keski-Rahkonen A,  Bulik CM, Neale BM, Rose RJ, Rissanen A,

Kaprio J. Body dissatisfaction and drive for thinness in young

adult twins. Int J Eating Disorders. 2005;37:188---99.

16. Rutherford J, McGuffin P, Katz RJ, Murray RM. Genetic influences

on eating attitudes in a normal female twin population. Psychol

Med. 1993;23:425---36.

17. Klump KL, McGue M,  Iacono WG. Age differences in genetic and

environmental influences on eating attitudes and behaviors in

preadolescent and adolescent female twins. J Abnorm Psychol.

2000;109:239---51.

18. Rojo-Moreno L, Rubio T, Plumed J,  Barbera M, Serrano M,

Gimeno N, et  al. Teasing and disordered eating behaviors in

spanish adolescents. Eat Disord. 2013;21:53---69.

19. Webbink D, Roeleveld J, Visscher PM. Identification of  twin pairs

from large population-based samples. Twin Res Hum Genet.

2006;9:496---500.

20. Christiansen L, Frederiksen H, Schousboe K,  Skytthe A, Von

Wurmb-Schwark N, Christensen K, et  al. Age- and sex-

differences in the validity of  questionnaire-based zygosity in

twins. Twin Res. 2003;6:275---8.

21. Garner DM, Olmstead MP, Polivy J.  Development and validation

of a multidimensional eating disorder inventory for anorexia

nervosa and bulimia. Int J  Eat Disord. 1983;2:15---34.

22. Bulik CM, Sullivan PF, Wade  TD, Kendler KS. Twin studies of

eating disorders: a review. Int J  Eating Disorders. 2000;27:

1---20.

23. Loehlin JN. Heredity, environment and personality. Texas: Uni-

versity of Texas Press; 1976.

24. Reichborn-Kjennerud T,  Bulik CM,  Kendler KS, Roysamb E,

Tambs K,  Torgersen S,  et al. Undue influence of weight on

self-evaluation: a population-based twin study of  gender dif-

ferences. Int J Eat Disord. 2004;35:123---32.

25. Wade TD, Wilkinson J,  Ben-Tovim D. The genetic epidemiology

of body attitudes, the attitudinal component of  body image in

women. Psychol Med. 2003;33:1395---405.

26. Shih RA, Belmonte PL, Zandi PP. A review of the evidence

from family, twin and adoption studies for a genetic contribu-

tion to adult psychiatric disorders. Int Rev Psychiatry. 2004;16:

260---83.

27. Johnson W, Turkheimer E, Gottesman II, Bouchard TJ Jr. Beyond

heritability twin studies in behavioral research. Curr Dir Psychol

Sci. 2010;18:217---20.

28. Kendler KS. Twin studies of psychiatric illness: an update. Arch

Gen Psychiatry. 2001;58:1005---14.

29. Rutter M,  Silberg J,  O’Connor T,  Simonoff E. Genetics and child

psychiatry: I.  Advances in quantitative and molecular genetics.

J Child Psychol Psychiatry. 1999;40:3---18.

30. Neale MCB, Xie G, Maes HH. Mx: Statistical modeling. VCU Box

900126, Richmond, VA 23298: Department of Psychiatry; 2006.

31. Bulik CM.  Exploring the gene---environment nexus in eating dis-

orders. J Psychiatry Neurosci. 2005;30:335---9.

32. Akaike H. Factor analysis and AIC. Psychometrika.

1987;52:317---32.

33. Klump KL, Perkins PS, Alexandra Burt S, McGue M,  Iacono WG.

Puberty moderates genetic influences on disordered eating.

Psychol Med. 2007;37:627---34.

34. Klump KL, Burt SA, Spanos A, McGue M, Iacono WG, Wade

TD. Age differences in genetic and environmental influ-

ences on weight and shape concerns. Int  J Eating Disorders.

2010;43:679---88.

35. Anderson CB, Bulik CM. Gender differences in compensatory

behaviors, weight and shape salience, and drive for thinness.

Eat Behav. 2004;5:1---11.

36. Klump KL, Wonderlich S, Lehoux P, Lilenfeld LR, Bulik CM. Does

environment matter? A review of nonshared environment and

eating disorders. Int J  Eating Disorders. 2002;31:118---35.

37. Ramos RG, Olden K.  Gene---environment interactions in the

development of complex disease phenotypes. Int J  Environ Res

Public Health. 2008;5:4---11.

38. Mazzeo SE, Bulik CM. Environmental and genetic risk factors

for eating disorders: what the clinician needs to know. Child

Adolesc Psychiatr Clin N  Am. 2009;18:67---82.

39. McGue M,  Sharma A, Benson P. The effect of common rearing

on adolescent adjustment: evidence from a US  adoption cohort.

Developmental Psychol. 1996;32:604---13.

40. Costa LC, Vasconcelos FA, Peres KG. Influence of biological,

social and psychological factors on abnormal eating attitudes

among female university students in Brazil. J  Health Popul Nutr.

2010;28:173---81.

41. Klump KL, Burt SA, McGue M,  Iacono WG. Changes in genetic

and environmental influences on disordered eating across

adolescence: a longitudinal twin study. Arch Gen Psychiatry.

2007;64:1409---15.

http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0220
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0225
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0230
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0235
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0240
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0245
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0250
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0255
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0260
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0265
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0270
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0275
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0280
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0285
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0290
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0295
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0300
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0305
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0310
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0315
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0320
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0325
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0330
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0335
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0340
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0345
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0350
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0355
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0360
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0370
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0375
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0380
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0385
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0390
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0395
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0400
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0405
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0410
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0415
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0420


142  L.  Rojo-Moreno  et al.

42. Tambs K, Czajkowsky N,  Roysamb E, Neale MC, Reichborn-

Kjennerud T, Aggen SH, et  al. Structure of genetic and

environmental risk factors for dimensional representations

of DSM-IV anxiety disorders. Br J  Psychiatry. 2009;195:

301---7.

43. van den Berg PA, Mond J, Eisenberg M, Ackard D, Neumark-

Sztainer D. The link between body dissatisfaction and

self-esteem in adolescents: similarities across gender, age,

weight status, race/ethnicity, and socioeconomic status. J  Ado-

lesc Health. 2010;47:290---6.

http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0425
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430
http://refhub.elsevier.com/S2173-5050(17)30034-1/sbref0430

	Genetic and environmental influences on psychological traits and eating attitudes in a sample of Spanish schoolchildren
	Introduction
	Material and methods
	The sample
	Zygosity determination
	Eating Disorder Inventory
	Descriptive statistics
	Evaluation of the presumption of environmental equality
	Genetic and environmental differences

	Results
	Sample characteristics
	Descriptive statistics
	Evaluation of the environmental equality assumption
	Genetic and environmental influences

	Discussion
	Conclusions
	Ethical responsibilities
	Protection of people and animals
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interests
	References


