
J

R

D
w

L
J
R

a

R
b

R
A

i

h
0
l

 Pediatr (Rio J). 2019;95(1):18---26

www.jped.com.br

EVIEW ARTICLE

ifferences  in  cortisol  concentrations  in  adolescents
ith eating  disorders:  a  systematic  review�

aércio Marques da Luz Netoa,∗, Flávia Maria Nassar de Vasconcelosa,
acqueline Elineuza da Silvab, Tiago Coimbra Costa Pintoa, Éverton Botelho Sougeya,
osana  Christine Cavalcanti Ximenesa

Universidade  Federal  de  Pernambuco  (UFPE),  Programa  de  Pós-graduação  em  Neuropsiquiatria  e  Ciências  do  Comportamento,
ecife, PE,  Brazil
Universidade  Federal  de  Pernambuco  (UFPE),  Programa  de  Pós-graduação  em  Nutrição,  Recife,  PE,  Brazil

eceived 19  January  2018;  accepted  24  February  2018
vailable  online  12  April  2018

KEYWORDS
Cortisol;
Eating  disorders;
Anorexia;
Anorexia  nervosa;
Adolescent

Abstract
Objective:  To  perform  a  systematic  review  of  the  literature  for  scientific  evidence  of  possible
differences  in  cortisol  concentrations  in  adolescents  with  eating  disorders.
Source  of  data:  Electronic  searches  were  conducting  in  the  PubMed,  Scientific  Electronic
Library Online,  Virtual  Health  Library,  and  Science  Direct  databases  for  articles  published
between  2007  and  2017  using  the  keywords,  cortisol,  hydrocortisone;  eating  disorders,  bulimia,
bulimia  nervosa,  anorexia,  anorexia  nervosa;  adolescence,  adolescent,  adolescents.
Synthesis  of  data:  A  total  of  192  articles  were  found.  After  the  analysis  of  the  eligibility  crite-
ria using  the  PRISMA  method,  19  articles  were  selected  for  the  present  review.  Most  studies
were conducted  in  Europe.  Adolescents  diagnosed  with  anorexia  nervosa  were  evaluated  in  all
studies, except  one,  when  other  eating  disorders  were  investigated.  Blood  was  the  means  used
for the  determination  of  cortisol.  In  ten  studies,  cortisol  levels  were  higher  in  the  group  with
anorexia than  the  control  group  and  a  reduction  in  cortisol  levels  occurred  in  the  adolescents
after being  submitted  to  nutritional  recovery.

Conclusions:  Patients  with  eating  disorders  may  have  several  clinical  consequences,  such

as changes  in  body  fat  distribution,  changes  in  bone  mineral  density,  worsening  of  neu-

rocognitive  ability,  and  endocrine  changes  (e.g.,  hypercortisolemia),  which  in  turn  can
lead to  hyperglycemia,  insulin  resistance,  hypertension,  and  increased  risk  of  infections.

� Please cite this article as: Luz Neto LM, Vasconcelos FM, Silva JE, Pinto TC, Sougey ÉB, Ximenes RC. Differences in cortisol concentrations
n adolescents with eating disorders: a systematic review. J Pediatr (Rio J). 2019;95:18---26.
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Cortisol  in  adolescents  with  eating  disorders  19

The  findings  demonstrate  that  adolescents  with  eating  disorders,  especially  anorexia  nervosa,
have increased  cortisol  levels,  which  are  reduced  after  the  treatment  period.  Further  studies
on differences  in  cortisol  concentrations  in  adolescents  with  other  eating  disorders  are  needed,
using different  methods.
©  2018  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Diferenças  nas  concentrações de  cortisol  em  adolescentes  com  transtornos
alimentares:  uma  análise  sistemática

Resumo
Objetivo:  Realizar  uma  análise  sistemática  da  literatura  em  busca  de  evidências  científicas  de
possíveis diferenças  nas  concentrações  de  cortisol  em  adolescentes  com  transtornos  alimenta-
res.
Fonte de  dados:  Pesquisas  eletrônicas  foram  realizadas  nas  bases  de  dados  do  Pubmed,  da  Sci-
entific Electronic  Library  Online,  da  Biblioteca  Virtual  da  Saúde  e  do  Science  Direct  em  busca  de
artigos publicados  entre  2007  e  2017  que  utilizaram  as  palavras-chave:  cortisol,  hidrocortisona,
transtornos  alimentares,  bulimia,  bulimia  nervosa,  anorexia,  anorexia  nervosa,  adolescência,
adolescente  e  adolescentes.
Síntese  dos  dados:  Foram  encontrados  192  artigos.  Após  a  análise  dos  critérios  de  elegibilidade
utilizando  o  método  PRISMA,  19  artigos  foram  selecionados  para  esta  análise.  A  maioria  dos
estudos foi  realizada  na  Europa.  Os  adolescentes  diagnosticados  com  anorexia  nervosa  foram
avaliados em  todos  os  estudos,  com  exceção  de  um,  em  que  outros  transtornos  alimentares
foram investigados.  A  coleta  de  sangue  foi  o  meio  utilizado  para  a  determinação  do  cortisol.
Em dez  estudos,  os  níveis  de  cortisol  estavam  mais  elevados  no  grupo  com  anorexia  do  que  no
grupo de  controle  e  ocorreu  uma  redução  nos  níveis  de  cortisol  nos  adolescentes  após  serem
submetidos  a  uma  recuperação  nutricional.
Conclusões:  Os  pacientes  com  transtornos  alimentares  podem  apresentar  diversas  consequên-
cias clínicas,  como  alterações  na  distribuição  de  gordura  corporal,  alterações  na  densidade
mineral  óssea,  piora  da  capacidade  neurocognitiva  e  alterações  endócrinas,  como  a  hipercor-
tisolemia  que,  por  sua  vez,  pode  levar  à  hiperglicemia,  resistência  à  insulina,  hipertensão  e  ao
aumento do  risco  de  infecções.  Os  achados  demonstraram  que  os  adolescentes  com  transtornos
alimentares,  principalmente  a  anorexia  nervosa,  apresentaram  níveis  mais  elevados  de  cortisol,
que são  reduzidos  após  o  período  de  tratamento.  São  necessários  estudos  adicionais  sobre  as
diferenças nas  concentrações  de  cortisol  em  adolescentes  com  outros  transtornos  alimentares,
utilizando  meios  diferentes.
© 2018  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Este é  um  artigo
Open Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.
0/).
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Introduction

According  to  the  Diagnostic  and  Statistical  Manual  of  Mental
Disorders,  fifth  edition  (DSM-5),  eating  disorders  are  char-
acterized  by  severe  disturbances  in  eating  behavior  and
have  a  multifactor  etiology  involving  genetic  predisposi-
tion  as  well  as  socio-cultural,  biological,  and  psychological
influences.1 Behaviors  related  to  eating  disorders,  such  as
perpetual  dieting,  the  desire  to  be  thinner,  or  compensatory
behavior  (self-induced  vomiting  and  excessive  exercise)  are
frequently  observed  in  young  women.2

The  World  Health  Organization  (WHO)  defines  adoles-
cence  as  the  second  decade  of  life  (10---19  years).3 Mäkinen

et  al.4 describe  adolescence  as  a  phase  of  life  marked  by
profound  physical,  cognitive,  emotional,  and  social  changes
that  require  adaptations  to  the  adoption  of  new  prac-
tices,  behaviors,  and  autonomy  for  adult  life.  Therefore,
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dolescence  is  a  period  in  which  individuals  are  highly  sus-
eptible  to  various  behavioral  disorders,  including  eating.

Stress  has  been  identified  as  a  potential  risk  factor  for
he  development  of  eating  disorders.5 There  is  evidence
hat  patients  often  experience  severe  chronic  stress  stem-
ing  from  life  events  prior  to  the  onset  of  said  disorders.6

ortisol  is  one  of  the  steroidal  hormones  directly  related
o  high  levels  of  stress.  Preliminary  studies  offer  evidence
hat  patients  with  anorexia  nervosa  present  high  levels  of
ortisol  due  to  the  association  between  these  disorders
nd  behavioral  characteristics  (high  levels  of  depression
nd  stress).  In  addition,  hypercortisolemia,  elevation  of  uri-
ary  free  cortisol,  and  alteration  of  the  circadian  rhythm
f  cortisol  may  be  present  in  patients  with  normal  weight

ho  present  with  bulimia  nervosa7; moreover,  patients  with
nspecified  eating  disorders  also  have  higher  cortisol  lev-
ls  than  their  corresponding  controls.8---10 Cortisol  is  one  of
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he  most  abundant  androgenic  hormones  in  the  body  and
s  increased  in  the  presence  of  physical  and/or  psychologi-
al  stress.  Elevated  cortisol  can  trigger  psycho-physiological
eactions  that  result  in  hyperfunctioning  of  the  sympa-
hetic  nervous  system  and  endocrine  system,  specifically
he  adrenal  glands.11,12 It  is  produced  by  the  adrenal  gland,
hich  is  involved  in  the  response  to  stress  and  may  play
n  important  role  in  eating  behavior,  in  addition  to  being
ssociated  with  increased  energy  intake  in  healthy  individ-
als.  The  production  of  cortisol  has  a  circadian  rhythm  that
epends  on  the  stimulation  of  the  adrenocorticotropic  hor-
one  (ACTH).  Its  level  is  higher  near  the  beginning  of  daily

ctivities,  decreasing  over  the  24  h.13

Although  the  clinical  manifestations  of  hypercortisolemia
n  patients  with  anorexia  nervosa  may  appear  incon-
istent  with  those  observed  in  patients  with  Cushing’s
yndrome,  upon  further  examination  several  parallels  can
e  observed.14 Blood  cortisol  levels  at  night  are  inversely
ssociated  with  bone  mineral  density  and  positively  associ-
ted  with  the  severity  of  depression  and  anxiety  symptoms
n  women  with  anorexia  nervosa.15 As  cortisol  stimulates
luconeogenesis,  an  increase  in  cortisol  concentrations,
n  addition  to  high  levels  of  GH,  may  be  another  adap-
ive  mechanism  to  maintain  euglycemia  in  this  condition
f  severe  malnutrition.  In  addition,  glucocorticoids  are
ndogenous  antagonists  of  leptin  and  insulin.16

Usually,  there  is  an  excellent  association  between  cortisol
roduction  and  the  activity  of  the  hypothalamic-pituitary-
drenocortical  (HPA)  axis,  being  easily  detected  in  saliva,
lood,  and  urine.  Cortisol  can  be  considered  as  an  excel-
ent  biomarker  of  HPA  axis  function  and,  consequently,  of
he  study  of  the  effects  of  stress  in  humans.17 Repeated
nd  prolonged  activation  of  certain  systems,  including  HPA
xis,  will  put  individuals  at  greater  risk  of  developing
hysical  (e.g.,  myocardial  infarction,  multiple  sclerosis,
bdominal  pain,  menstrual  disorders,  viral  infections,  dia-
etes,  arthritis  rheumatoid,  and  cancer)  and  psychological
isorders  (e.g.,  depression,  schizophrenia,  anxiety,  and
ancer).18

Considering  the  importance  of  hormonal  changes  that
ccur  as  clinical  complications  of  patients  with  eating  dis-
rders  as  well  as  the  relationship  of  such  changes  with  the
aintenance  of  these  disorders,  the  aim  of  the  present  study
as  perform  a  systematic  review  of  the  literature  on  differ-
nces  in  cortisol  concentrations  in  adolescents  with  eating
isorders.

ethods

onfiguration  and  registry  of  study

he  methods  employed  for  the  present  study  were  based
n  the  Preferred  Reporting  Items  for  Systematic  Reviews
nd  Meta-Analyses  (PRISMA).  The  protocol  for  this  review
as  registered  with  the  International  Prospective  Register

f  Systematic  Reviews  (PROSPERO),  under  reference  number
RD42017067630.  The  articles  selected  for  review  were  sub-
itted  to  an  interpretative  analysis  directed  by  the  guiding
uestion.
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Luz  Neto  LM  et  al.

earch  strategy

hree  reviewers  searched  for  articles  published  in  jour-
als  indexed  in  the  PubMed,  Scientific  Electronic  Library
nline  (Scielo),  Biblioteca  Virtual  de  Saúde  (Bireme)  and
cienceDirect  databases.  The  following  key  words  were
mployed:  hydrocortisone  OR  cortisol  AND  ‘‘eating  disor-
ers’’  OR  anorexia  OR  ‘‘anorexia  nervosa’’  OR  bulimia  OR
‘bulimia  nervosa’’  AND  adolescents  OR  adolescent  OR  ado-
escence  (Mesh).

election  criteria

tudies  were  selected  for  the  present  systematic  review
ased  on  the  following  inclusion  criteria:  epidemiological
tudies  (cross-sectional,  case---control,  cohort,  and  clinical
rial)  that  evaluated  the  concentration  of  cortisol  in  ado-
escents  with  eating  disorders  published  between  2007  and
017.  Epidemiological  studies  not  related  to  the  topic  of
nterest,  experimental  studies,  letters  to  the  editor,  case
tudies,  literature  reviews,  and  studies  involving  animals
ere  excluded.

esults

he  electronic  search  led  to  the  retrieval  of  192  articles
Fig.  1).  One  of  the  articles  had  been  accepted  for  publi-
ation,  but  the  full  text  had  not  yet  been  published.  After
he  removal  of  duplicates,  the  articles  were  read  and  ana-
yzed  by  three  independent  reviews,  who  had  undergone  a
raining  and  calibration  exercise.  A  total  of  102  articles  were
xcluded  for  not  addressing  the  topic  of  interest,  not  ana-
yzing  cortisol,  not  addressing  eating  disorders,  or  involving
dults.  After  the  exclusion  of  review  articles,  case  reports,
ase  series,  letters  to  the  editor,  and  studies  involving  ani-
als,  19  articles  were  selected  for  review  (Table  1)  and

nalyzed  based  on  previously  established  categories.  Seven
ategories  were  considered:  location  in  which  the  study
as  conducted;  year  of  publication;  sample  selected;  type
f  eating  disorder;  methods  for  diagnosing  eating  disorder;
ethods  for  collecting  and  analyzing  cortisol;  and  cortisol

esults  with  comparison  between  group  with  eating  disorder
nd  healthy  control  group.

Most  studies  (n  = 14)  were  conducted  in  Europe.19---32

hree  studies  were  conducted  in  the  Americas,33---35 and
wo  studies  were  conducted  in  Asia.36,37 The  year  with  the
argest  number  of  publications  (n  =  4)  was  2012.22---25 All  stud-
es  involved  female  adolescents  and  three  also  involved  male
dolescents.28,30,31

Regarding  the  collection  method,  cortisol  levels
ere  evaluated  in  blood  samples  in  most  studies

n  = 14).21,22,24,26---36 Cortisol  was  measured  in  saliva  sam-
les  in  four  studies20,23,25,37 and  in  hair  follicles  in  one
tudy.16 Regarding  the  time  of  sampling,  most  studies
n  = 11)  collected  the  hormone  exclusively  in  the  morning
eriod.20---22,24,26,28---32,36 Only  one  study  did  not  evaluate
dolescents  with  a diagnosis  of  anorexia  nervosa.23
In  ten  of  the  studies,  cortisol  levels  were  higher  in  the
roup  of  adolescents  with  anorexia  when  compared  with  the
ontrol  group.20---22,25---27,29,34,35,37 In  one  study,  cortisol  levels
ere  lower  in  the  group  of  adolescents  with  anorexia  than  in
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Table  1  Characteristics  of  the  19  studies  on  the  changes  in  cortisol  in  adolescents  with  eating  disorders  included  in  this  review.

First  author Year Sample  Sex  Age  Cortisol  Cortisol
collection  time

Eating
disorder

Results  (mean  cortisol
concentration)

Föcker  et  al.19 2016  22  adolescents  with  AN  ---
restrictive  type
20  adolescent  HC
117  adolescent  PC

Female  14---18  years Hair  --- AN  Mean/Median  (pg/mg)
AN  =  6.72  (5.19)/5.30
HC  =  12.55  (9.69)/9.25
PC =  10.99  (12.41)/7.72

Levy-Shraga
et al.36

2016  174  adolescents  with  AN  (64
with hyponatremia  and  110
with  normonatremia)

Female  10---19  years
(mean:
15.7  ±  1.8)

Serum  7  AM---9  AM AN  Total  =  607.3  ±  170.0  (nmol/L)
Hyponatremia  =  574.9  ±  169.6
Nomonatremia  =  624.8  ±  168.6

Paszynska
et al.20

2016  101  adolescents  (47  with  AN
and  54  controls)

Female  15.0  ±  2.0 Salivary  9  AM---11  AM AN  Mean  (SD)/Median  ng/mL:
AN  =  5.03  ±  2.85/4.5
CG  =  3.77  ±  2.2/3.58

Pitts et  al.33 2014  37  adolescents  with  AN  (24
with  ROM)

Female  Mean  age:
18  years

Serum  --- AN  Mean  (�g/dL)
Total  =  15.9  (7.6)
Without  ROM  =  16.5  (8.3)
ROM  =  15.6  (7.3)

Ostrowska
et al.21

2013  107  adolescents  (86  with  AN
and  21  controls)

Female  AN  =  15.48  ±  1.58
C =  15.86  ±  1.94

Serum  9  AM AN  Mean  (SD)  �g/dL:
AN  =  24.17  ±  11.91
CG  =  13.45  ±  4.67

Bühren et  al.22 2012  55  adolescents  (28  with  AN) Female  Mean  age
(SD):
AN  =  15.6
(1.5)
GC  =  15.0
(1.7)

Serum  7  AM---10  AM AN  Mean  (SD)  nmol/L:
AN  T0 =  912.4  (205.3)
AN  T1 =  686.5  (201.3)
CG  =  514.8  (201.0)

Ginty et  al.23 2012  24  adolescents  (12  with
eating  disorders  and  12  HC)

Female  Mean  age:
19  years

Salivary  ---  Eating
disorders

Cortisol  increased  after  stress
task  only  in  healthy
adolescents

Mainz et  al.24 2012  19  adolescents  with  AN
19  adolescent  HC

Female  AN  =  15.6  ±  1.9
CG  =  15.7  ±  1.5

Serum  7:30  AM---8:30
AM

AN  AN
(admission)  =  880  ±  190  nmol/L
AN  (after  weight
recovery)  =  652  ±  147  nmol/L

Oskis et  al.25 2012  8  adolescents  with  AN  ---
restrictive  type
41  adolescent  HC

Female  AN  =  15.46  ±  1.53
CG  =  15.13  ±  1.64

Salivary  Upon  waking,
30  minutes  and
12  hours  later

AN  Cortisol  higher  in  adolescents
with  AN  at  all  three  times  (no
absolute  data)

Buehren
et al.26

2011  28  adolescents  (10  with  AN
and  18  controls)

Female  12---17  years  Serum  7:30  AM---8:30
AM

AN  Mean  (SD)  nmol/L:
AN  T0 =  895.9  (192.5)
AN  T1 =  704.2  (204.9)
CG  =  530.0  (165.0)
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Table  1  (Continued)

First  author  Year  Sample  Sex  Age  Cortisol  Cortisol
collection  time

Eating
disorder

Results  (mean  cortisol
concentration)

Shibuya  et  al.37 2011  21  adolescents  with  AN
22  adolescent  HC

Female  AN  =  14.4  ±  1.4
CG  =  14.0  ±  1.2

Salivary  7  AM---7  PM  AN  Cortisol  higher  during  morning,
diminishing  gradually  until
night  in  both  groups  (data  not
described)
AUC:
AN  (before
treatment)  =  55.7  ±  17.7
AN  (after
treatment)  =  39.1  ±  10.9
CG  =  37.0  ±  11.7

Ziora et  al.27 2011  195  adolescents:
87  with  restrictive  AN;
17 with  NED;
30  with  simple  obesity;
61  HC

Female  11---19  years  Serum  ---  AN  and  NED  Mean  (SD)  �g/dL:
AN  =  23.91  ±  11.92
NED  =  21.90  ±  10.93
OB =  14.02  ±  4.93
H  =  13.31  ±  4.78

Castro-
Fornieles
et al.28

2009  21  adolescents  (12  with  AN
and 9  controls)

Both
sexes

11---17  years  Serum  During  fasting
in morning

AN  Mean  (SD)  �g/dL:
AN  =  18.0  (4.1)
AN(after  nutritional  recovery) =  13.6
(2.8)

Haas et  al.29 2009  50  adolescents  with  AN
40  adolescent  HC

Female  AN  =  15.2  ±  1.5
CG  =  14.8  ±  0.8

Serum  7  AM---9  AM  AN  AN  =  396  ±  190  pmol/L
CG =  173  ±  59  pmol/L

Castro-
Fornieles
et al.30

2008  60  adolescents  (44  with  AN
and 16  controls)

Both
sexes

10---17  years  Serum  Morning  AN  Mean  (SD)  �g/dL:
AN  =  19.3  (8.2)
AN(after  weight  recovery) =  18.6
(15.7)

Misra et  al.34 2008  67  adolescents  (34  with  AN
and 33  controls)

Female  12---18  years  Serum  ---  AN  mcg/dL  12  h:
AN  =  6208  ±  1300
CG  =  4245  ±  2824

Castro-
Fornieles
et al.31

2007  24  adolescents  (12  with  AN
and 12  controls)

Both
sexes

11---17  years  Serum  Morning  AN  Mean  (SD)  �g/dL:
AN  =  18.0  (4.1)
AN(after  weight  recovery) =  13.6  (2.8)

Misra et  al.35 2007  36  adolescents  (17  with  AN
and 19  controls)

Female  12---18  years  Serum  ---  AN  mcg/dL  12  h:
AN  =  6208  ±  1300
CG  =  4119  ±  820

Oświęcimska
et al.32

2007  25  adolescents  with  AN
17  HC

Female  12---18  years  Serum  8  AM---9  AM  AN  AN  =  19.31  ±  13.13  �g/dL
(normal  values  =  7---25  �g/dL)

AN, anorexia nervosa; HC, healthy controls; PC, psychiatric controls; ROM, return of menstruation; CG, control group; NED, non-specified eating disorder; AUC, area under curve.
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Number of articles found in
databases = 192 (Pubmed = 28;
bireme = 162; science direct = 2;

scielo = 0)

Number of duplicate articles +
1 unpublished article = 31

Articles not related to topic, not involving cortisol,
not involving eating disorders or involving adults = 102

Reviews, case reports, case series, letters
to editor and studies involving animals = 40

Articles included = 19
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Figure  1  Flowchart  of  the  process  of  article  selec

the  control  group.16 In  three  studies,  cortisol  was  measured
in  a  group  of  adolescents  with  anorexia,  and  no  compari-
son  with  a  control  group  was  made.32,33,36 In  four  studies,
the  levels  of  this  hormone  were  compared  before  and  after
treatment  involving  weight  gain,  and  a  reduction  was  found
in  the  post-treatment  evaluation.24,28,30,31

Discussion

The  aim  of  the  present  study  was  to  perform  a  systematic
review  of  the  literature  regarding  differences  in  cortisol
concentrations  in  adolescents  with  eating  disorders.  The
analysis  of  the  articles  confirms  anorexia  nervosa  as  the  most
widely  studied  eating  disorder,  especially  in  Europe.  The
main  findings  were  the  higher  level  of  cortisol  in  adolescents
with  anorexia  nervosa  in  comparison  with  healthy  controls
and  the  reduction  in  the  levels  of  this  hormone  following
weight  recovery.

Anorexia  nervosa  is  a  condition  of  severe  malnutrition
that  is  prevalent  among  adolescent  girls  and  young  women,
affecting  0.2---1%  of  this  population.38---42 Studies  addressing
this  condition  are  more  common  than  those  addressing  other
eating  disorders,  which  may  be  explained  by  the  fact  that
the  signs  and  symptoms  are  easier  to  detect.  Moreover,  the
clinical  complications  of  this  condition  are  more  severe  and
the  mortality  rate  is  higher.  Anorexia  nervosa  is  character-
ized  by  a  distorted  body  image  and  very  low  body  weight
associated  with  the  inability  to  gain  or  maintain  weight;
in  women,  the  DSM-IV  included  amenorrhea  for  at  least
three  menstrual  cycles  in  the  diagnostic  criteria.43 However,
the  revised  criteria  on  weight  are  less  strict  in  the  DSM-5,
and  amenorrhea  is  no  longer  necessary  for  the  diagnosis.1

Although  most  of  the  studies  analyzed  were  conducted  with
adolescents  with  anorexia  nervosa,  the  research  attempted

to  include  eating  disorders  in  general.

Three  articles  analyzed  in  the  present  review  also
included  males.  Data  on  the  prevalence  of  eating  disor-
ders  in  the  male  population  are  somewhat  scarce.  For  many

a
s
a
c

 for  systematic  review  based  on  eligibility  criteria.

ears,  it  was  believed  that  eating  disorders  only  affected
he  female  population,  and  many  evaluation  tests  have

 gender  bias,  as  they  were  created  for  women;  there-
ore  the  prevalence  of  this  problem  is  underestimated  the
ale  population.44 The  most  widely  cited  study  estimates
revalence  rates  of  0.3%  for  anorexia  nervosa,  0.5%  for
ulimia  nervosa,  and  2%  for  binge  eating  disorder  among
ales  using  the  DSM-IV  criteria.40 Thus,  males  account  for

5%  of  cases  of  anorexia  and  bulimia  and  36%  of  cases  of
inge  eating  disorder.  Regarding  differences  in  cortisol  levels
etween  the  sexes,  some  studies  indicate  that  differences
n  the  response  to  neurobiological  stress  favor  men,45,46 but
here  have  been  many  reports  demonstrating  the  opposite
ffect,47,48 while  some  do  not  report  differences  between
he  sexes.49,50 In  addition,  other  factors  could  influence  this
xpression,  among  which  neuropsychiatric  disorders,  such
s  anxiety,  depression,  and  post-traumatic  stress  disorder,
hich  are  related  to  stress  and  are  influenced  by  sex  hor-
ones  and  gonadal.51---54 Cortisol  was  measured  in  blood  and

aliva  samples,  and,  in  one  study,  hair  follicles.  Regardless
f  the  type  of  collection,  significant  differences  were  found
etween  the  groups  with  eating  disorders  and  healthy  con-
rols.  However,  the  evaluation  of  hormone  concentrations
n  saliva  is  more  reliable,  as  the  blood  collection  process  in
tself  causes  stress  and  can  raise  cortisol  levels.  Moreover,
trong  correlations  have  been  found  between  salivary  and
erum  cortisol  in  normal  individuals  at  all  ages,  and  samples
emain  stable  when  frozen  for  long  periods  of  time.  Hor-
one  concentrations  in  saliva  reflect  the  fraction  not  linked

o  carrier  protein  (free  hormone  fraction).55 One  of  the
tudies  in  the  present  review  validated  the  use  of  salivary
ortisol  to  investigate  the  activity  of  the  HPA  axis  in  adoles-
ents  with  anorexia  nervosa.37 According  to  a  recent  study,
atients  suffering  from  eating  disorders  show  a  blunted  HPA
xis  reactivity  to  stress  exposure  and  a  generally  reduced

ympathetic/exaggerated  parasympathetic  nervous  system
ctivity,  that  is,  the  HPA  axis  interferes  with  the  circadian
ycle.56
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Lydecker J, et al. Hypercortisolemia is associated with severity
4  

In  ten  studies,  cortisol  levels  were  compared  between
dolescent  with  anorexia  and  healthy  controls,  and  higher
evels  were  observed  in  the  group  with  the  eating  disorder.
ther  studies  have  reported  that  anorexia  nervosa  is  associ-
ted  with  a  state  of  relative  hypercortisolemia  in  adults  and
dolescents.15,57,58 Elevated  cortisol  has  multiple  effects,
uch  as  reduction  in  bone  mineral  density59 and  poorer  cog-
itive  performance.60 Elevated  cortisol  also  promotes  an
ncrease  in  the  release  of  free  fatty  acids  due  to  lipolysis
nd  lower  activity  of  lipoprotein  lipase,  thereby  causing  an
ncrease  in  insulin  resistance  and  hyperglycemia.61 Shibuya
t  al.37 concluded  that  a  higher  basal  cortisol  concentration
ay  be  an  indicator  of  anorexia  severity.  Likewise,  Estour

t  al.57 suggests  that  cortisol  could  be  used  as  an  important
rognostic  predictor.  However,  levels  rarely  exceed  double
he  upper  limit  of  normality.  Individuals  with  a  low  body
ass  index  and  low  levels  of  fat  mass,  fasting  glucose,  and

nsulin  have  higher  levels  of  cortisol,  which  is  consistent  with
he  theory  that  an  increase  in  cortisol  is  an  adaptation  mech-
nism  to  maintain  normoglycemia  in  a  state  of  low  energy
vailability.62

The  increase  in  cortisol  levels  in  adolescents  with
norexia  is  due  to  hyperactivity  of  the  HPA  axis,63 which
esults  in  the  release  of  cortisol  from  the  adrenal  glands.
tudies  have  demonstrated  an  increase  in  salivary  or  serum
evels  of  cortisol  in  the  acute  phase  of  anorexia,64---66 and
t  has  been  suggested  that  this  situation  is  a  biological
daptation  to  hunger  as  a  consequence  of  chronic  food
estriction.37 The  reduction  in  cortisol  levels  following
eight  recovery  lends  support  to  this  theory.

In  the  present  study,  only  changes  in  cortisol  in  adoles-
ents  with  eating  disorders  were  considered.  It  is  possible
hat  an  analysis  involving  adults  could  offer  conflicting
esults  regarding  cortisol  levels.

onclusions

dolescents  with  anorexia  nervosa  have  higher  levels  of
ortisol  (serum  or  salivary)  than  healthy  controls.  Elevated
ortisol  has  many  consequences,  including  low  bone  mineral
ensity  and  a  poorer  cognitive  performance.  A  very  low  fre-
uency  of  other  eating  disorders,  such  as  bulimia  nervosa,
as  found  in  the  studies  analyzed,  the  results  of  which  could
e  conflicting  when  compared  with  patients  with  anorexia
ervosa.  The  main  difficulty  in  diagnosing  bulimia  is  the  lack
f  significant  weight  loss,  which  differs  from  anorexia.

The  increase  in  cortisol  in  adolescents  with  anorexia  ner-
osa  raises  questions  regarding  the  extent  to  which  this
opulation  may  suffer  the  consequences  of  this  condition
n  the  long  term  and  whether  such  changes  (i.e.,  hyper-
lycemia  and  hyperinsulinemia)  persist  even  after  weight
ecovery  and  the  normalization  of  the  levels  of  this  hor-
one.
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21. Ostrowska Z, Ziora K, Oświęcimska J, Wołkowska-Pokrywa K,
Szapska B. Assessment of the relationship between melatonin,
hormones of the pituitary-ovarian, -thyroid and -adrenocortical
axes, and osteoprotegerin and its ligand sRANKL in girls
with anorexia nervosa. Postepy Hig Med Dosw (online).
2013;67:433---41.

22. Bühren K, Mainz V, Herpertz-Dahlmann B, Schäfer K, Kahraman-
Lanzerath B, Lente C. Cognitive flexibility in juvenile anorexia
nervosa patients before and after weight recovery. J Neural
Transm (Vienna). 2012;119:1047---57.

23. Ginty AT, Phillips AC, Higgs S, Heaney JL, Carroll D. Disor-
dered eating behaviour is associated with blunted cortisol and
cardiovascular reactions to acute psychological stress. Psy-
choneuroendocrinology. 2012;37:715---24.

24. Mainz V, Schulte-Rüther M, Fink GR, Herpertz-Dahlmann B, Kon-
rad K. Structural brain abnormalities in adolescent anorexia
nervosa before and after weight recovery and associated hor-
monal changes. Psychosom Med. 2012;74:574---82.

25. Oskis A, Loveday C, Hucklebridge F, Thorn L, Clow A. Diurnal
patterns of salivary cortisol and DHEA in adolescent anorexia
nervosa. Stress. 2012;15:601---7.

26. Buehren K, Konrad K, Schaefer K, Kratzsch J, Kahraman-
Lanzerath B, Lente C, et al. Association between neuroen-
docrinological parameters and learning and memory functions in
adolescent anorexia nervosa before and after weight recovery.
J Neural Transm (Vienna). 2011;118:963---8.

27. Ziora KT, Oswiecimska JM, Swietochowska E, Ostrowska Z,
Stojewska M, Gorczyca P, et al. Assessment of serum levels
resistin in girls with anorexia nervosa. Part II. Relation-
ships between serum levels of resistin and thyroid, adrenal
and gonadal hormones. Neuro Endocrinol Lett. 2011;32:
697---703.

28. Castro-Fornieles J, Bargalló N, Lázaro L, Andrés S, Falcon C,
Plana MT, et al. A cross-sectional and follow-up voxel-based
morphometric MRI study in adolescent anorexia nervosa. J Psyc-
hiatr Res. 2009;43:331---40.

29. Haas VK, Kohn MR, Clarke SD, Allen JR, Madden S, Müller MJ,
et al. Body composition changes in female adolescents with
anorexia nervosa. Am J Clin Nutr. 2009;89:1005---10.

30. Castro-Fornieles J, Deulofeu R, Baeza I, Casulà V, Saura B,
Lázaro L, et al. Psychopathological and nutritional correlates of
plasma homovanillic acid in adolescents with anorexia nervosa.
J Psychiatr Res. 2008;42:213---20.

31. Castro-Fornieles J, Bargalló N, Lázaro L, Andrés S, Falcon C,
Plana MT, et al. Adolescent anorexia nervosa: cross-sectional
and follow-up frontal gray matter disturbances detected with
proton magnetic resonance spectroscopy. J Psychiatr Res.
2007;41:952---8.
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