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Summary
Background:  Pregnancy  and  postpartum  have  been  associated  to  several  physiological  changes;
however, empirical  evidence  was  almost  exclusively  obtained  in  primiparous  women  and  few
studies focus  on  hormonal  changes  in  men  and  second-time  parents.  The  main  aim  of  this  study
is to  examine  24-h  urinary  free  cortisol  from  mid-pregnancy  to  3-months  postpartum,  comparing
women/men  and  first/second-time  parents.
Methods:  Twenty-six  women  and  22  men  (N  =  48)  were  recruited  from  an  antenatal  obstetric
unit in  Porto,  Portugal.  24-h  urinary  free  cortisol  was  measured  at  the  2nd  and  3rd  trimester  and
at 3-months  postpartum.  Repeated  measures  analyses  of  variance  were  conducted,  in  order  to
analyze 24-h  urinary  free  cortisol  patterns  of  change  over  this  period.  Gender  and  parity  were
included in  the  analyses  as  potential  modifiers,  in  order  to  compare  women  and  men,  and  first-
and second-time  parents.
Results:  An  increase  from  the  2nd  to  the  3rd  trimester  (p  =  .006)  and  a  decrease  from  the
3rd trimester  to  3-months  postpartum  (p  =  .005)  were  reported  in  all  parents’  24-h  urinary
free cortisol.  The  interaction  effects  for  Time  *  Gender  (p  =  .03)  and  Time  *  Parity  (p  =  .02)  were

found. Women  and  first-time  parents  revealed  higher  levels,  while  men  and  second-time  parents
showed lower  24-h  urinary  free  cortisol  levels  at  the  2nd  trimester  than  at  3-months  postpartum.
Conclusions:  Findings  appear  to  clarify  the  direction,  as  well  as,  the  timing,  gender  and  parity
extension of  24-h  urinary  free  cortisol  changes  from  mid-pregnancy  to  3-months  postpartum.
The same  pattern  of  change  in  all  parents’  24-h  urinary  free  cortisol  from  mid-pregnancy  to  3-

months postpartum  is  consistent  with  the  proposed  role  of  hormones  in  preparation  to  parenting.
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Gender  and  parity  differences  an
cortisol as  a  stress  biomarker  for
women and  first-time  parents  vers
and second-time  parents.
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1. Introduction

Pregnancy  and  postpartum  have  been  associated  to  sev-
eral  physiological  changes,  namely  the  dysregulation  of  the
hypothalamic—pituitary—adrenal  axis  (HPA)  and  the  auto-
nomic  nervous  system  (ANS)  functioning  (Brunton  et  al.,
2008;  Lazinski  et  al.,  2008;  O’Keane  et  al.,  2011;  Duthie  and
Reynolds,  2013).  However,  empirical  evidence  was  almost
exclusively  obtained  in  primiparous  women  and  few  studies
focus  on  hormonal  changes  in  men  and  second-time  parents.

Theoretical  approaches  concerning  HPA  axis  functioning
during  pregnancy  and  postpartum  have  mainly  assumed  two
pathways.  The  HPA  axis  was  considered  an  important  system
involved  in  the  regulation  of  parental  behavior  (Carter  and
Porges,  2012;  Gonzalez  et  al.,  2009).  The  HPA  axis  was  also
believed  to  play  a  fundamental  role  in  the  response  to  exter-
nal  and  internal  stimuli  and  to  provide  a  regulatory  network
linking  the  brain  with  the  body’s  behavioral  and  physiological
responses  to  stress  (Dipietro,  2012;  Reynolds  et  al.,  2013).
Both  paths  will  subsequently  be  analyzed  in  further  detail.

Research  on  human  parenting  psychobiology  is  receiv-
ing  new  attention.  An  association  between  the  HPA  axis
activity  and  the  subsequent  expression  of  social  behaviors
and  bonds  has  been  proposed.  Positive  social  behaviors,
including  social  bonds,  may  reduce  HPA  axis  activity,  while
negative  social  interactions  can  have  the  opposite  effect  (for
a  revision  see  Carter,  1998).  Findings  revealed  a  decrease
in  cortisol  with  pair-bond  formation  (Ziegler  et  al.,  1996;
Carter,  1998;  Reburn  and  Wynne-Edwards,  1999)  and  higher
cortisol  levels  are  significantly  and  strongly  associated  with
maternal  approach  behaviors  and  positive  maternal  atti-
tudes  (Fleming  et  al.,  1997;  Stallings  et  al.,  2001).  While
some  reference  was  made  to  relevant  research  on  men,  the
emphasis  on  women  continues  to  reflect  the  state  of  art  on
physiological  influences  in  terms  of  parental  behavior.  Focus
on  both  women  and  men’s  hormonal  changes  to  establish
patterns  of  changes  over  pregnancy  and  postpartum  is  rele-
vant  to  fully  understand  the  psychobiology  of  parenthood.

The  HPA  axis  has  also  been  pointed  out  as  the  primary
biological  mechanism  underlying  stress  regulation  and  adap-
tation  (Dipietro,  2012;  Reynolds  et  al.,  2013).  Changes  in
the  HPA  axis,  mainly  in  the  postpartum  period,  were  associ-
ated  to  mood  disturbances  and  several  puerperal  disorders
(Corwin  and  Pajer,  2008;  Meinlschmidt  et  al.,  2010;  O’Keane
et  al.,  2011).  Considered  as  the  end  product  of  the  HPA
axis,  cortisol  has  been  viewed  as  a  biomarker  of  psycho-
logical  stress  (Harville  et  al.,  2007).  Some  studies  associate
high-cortisol  levels  to  psychological  symptoms  during  preg-
nancy  and  the  postpartum  period  (Field  et  al.,  2004;  Obel

et  al.,  2005),  while  others  show  that  stress  and  anxiety
levels  assessed  by  self-report  measures  do  not  necessarily
correlate  with  maternal  cortisol  levels  (Harville  et  al.,  2009;
Voegtline  et  al.,  2013).
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d  effects  on  24-h  urinary  free  cortisol  are  also  consistent  with
 higher  challenges  associated  to  pregnancy  and  childbirth  in
us  higher  demands  related  to  after  childbirth  parenting  in  men

erved.

.1.  Changes  in  cortisol  during  pregnancy  and  the
ostpartum  period

indings  from  previous  research  suggest  that  levels  of
ortisol  generally  increase  as  pregnancy  progresses  (Obel
t  al.,  2005;  Jones  et  al.,  2006;  D’Anna-Hernandez  et  al.,
011),  reaching  peak  levels  during  the  third  trimester  (Jung
t  al.,  2011).  After  childbirth,  maternal  cortisol  levels
ere  usually  reported  to  decrease  (Field  et  al.,  2004;  de
eerth  and  Buitelaar,  2005;  Figueiredo  and  Costa,  2009;
heng  and  Pickler,  2010).  Nevertheless,  conflicting  results
epended  on  the  type  of  cortisol  matrices  used.  Jung  et  al.
2011),  for  example,  observed  that  total  plasma  cortisol  and
ortisteroid-binding  globulin  remained  high  at  2—3  months
ostpartum,  whereas  urinary  free  cortisol  and  plasma  free
ortisol  returned  to  baseline  level,  and  mean  total  cortisol
oncentrations  were  lower  after  childbirth  compared  with
regnancy.

Cortisol  changes  during  pregnancy  and  postpartum  were
nalyzed  with  a  variety  of  matrices  and  different  assess-
ent  time  points.  Little  is  known  about  24-h  urinary  free

ortisol  pattern  of  changes  over  pregnancy  and  postpartum,
s  proposed  by  the  present  study.

.2.  Gender  differences  in  cortisol  levels

mpirical  research  on  HPA  axis  sex  differences  has  pro-
uce  inconsistent  or  even  contradictory  findings,  especially
n  humans  (for  a  revision  see  Kudielka  and  Kirschbaum,
005).  The  sample  size,  composition  in  relation  to  health
tatus,  age  at  testing,  the  type  of  stressor/challenge  and
he  duration  of  stress  exposure  are  some  of  the  proposed
actors  to  explain  conflicting  results  (for  a  revision  see
udielka  and  Kirschbaum,  2005).  Men  and  women  with  sim-
lar  stage-specific  differences  in  hormone  levels,  including
igher  concentrations  in  cortisol  in  the  period  just  before
irth,  were  suggested  (Storey  et  al.,  2000).  In  women  these
hanges  result,  at  least,  partially  from  the  secretion  of
orticotropin-releasing  hormone  (CRH)  from  the  placenta
Magiakow  et  al.,  1996;  Mastorakos  and  Ilias,  2003),  stim-
lated  by  maternal  cortisol  and  a  positive-feed  forward
echanism  (Mastorakos  and  Ilias,  2003).  Less  is  known  about

he  basis  of  such  changes  in  men.  Recent  studies  put  for-
ard  the  hypothesis  that  the  underlying  neuroendocrine
ontrol  of  mammalian  parental  behavior  may  be  homolo-
ous  in  males  and  females  (for  a  revision  see  Wynne-Edwards
nd  Reburn,  2000;  Nunes-Costa  et  al.,  2015).  The  study  of
ender  differences  and  effects  in  24-h  urinary  free  cor-
isol  levels  and  changes  from  mid-pregnancy  to  3-months

ostpartum  can  bring  further  empirical  evidence  to  this
ypothesis.
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.3.  Parity  differences  in  cortisol  levels

igher  cortisol  levels  in  both  primiparous  and  multiparous
others  were  associated  with  behavioral  activation.  How-

ver,  the  association  between  cortisol  levels  and  mothering
ehavior  seems  to  be  moderated  by  parity,  as  only  multi-
arous  cortisol  was  correlated  with  instrumental  caregiving
ctivities,  as  oppose  to  producing  affectionate  behaviors
Fleming  et  al.,  1997).

Parity  seems  to  be  an  important  variable  to  take  into
onsideration  in  cortisol  reactivity  to  psychological  stress-
rs  during  the  pregnancy/lactation  period  (e.g.,  Tu  et  al.,
006).  The  study  of  parity  differences  and  effects  on  24-h
rinary  free  cortisol  levels  and  changes  from  mid-pregnancy
o  3-months  postpartum  may  reflect  different  patterns  of
sychological  adjustment  during  pregnancy  and  the  post-
artum  period  in  first-  and  second-time  parents  (e.g.,  Skari
t  al.,  2002;  Figueiredo  and  Conde,  2011).  However,  some
tudies  did  not  found  differences  concerning  parity  in  both
renatal  and  postnatal  cortisol  reactivity  (e.g.,  Cheng  and
ickler,  2010).

Previous  studies  about  cortisol  during  pregnancy  and
ostpartum  mainly  focused  on  primiparous  women,  analyz-
ng  cortisol  reactivity  under  stressful  situations.  Little  is
nown  about  cortisol  changes  in  men  and  in  second-time
arents  and  involving  naturalistic,  longitudinal  designs.

In  order  to  contribute  towards  the  further  understanding
f  physiological  changes  in  the  HPA  axis  during  pregnancy
nd  postpartum,  the  present  research  aims  to  examine  24-h
rinary  free  cortisol  from  mid-pregnancy  to  3-months  post-
artum.  An  increase  from  the  2nd  to  the  3rd  trimester  and  a
ecrease  from  the  3rd  trimester  to  3-months  postpartum
n  all  parents’  24-h  urinary  free  cortisol  was  hypothe-
ized  and  based  on  previous  empirical  evidence  related
ith  cortisol  levels  over  this  period  (e.g.,  Jones  et  al.,
006;  Figueiredo  and  Costa,  2009;  Cheng  and  Pickler,  2010;
’Anna-Hernandez  et  al.,  2011;  Jung  et  al.,  2011).

The  present  study  also  aims  to  explore  gender  and  par-
ty  differences  and  effects  in  24-h  urinary  free  cortisol
evels  and  changes  from  mid-pregnancy  to  3-months  post-
artum.  Higher  24-h  urinary  free  cortisol  levels  in  women
nd  first-time  parents  versus  lower  levels  reported  in  men
nd  second-time  parents  at  the  2nd  trimester  than  at  the
-months  postpartum  period  was  also  hypothesized.  It  was
ased  on  existing  literature  on  gender,  parity  and  psycho-
ogical  adjustment  during  pregnancy  and  postpartum  (e.g.,
kari  et  al.,  2002;  Figueiredo  and  Conde,  2011).

. Methods

.1.  Participants

 sample  of  26  women  and  22  men  (N  =  48),  with  no  iden-
ified  psychosocial  or  medical  risk,  was  recruited  from
n  antenatal  obstetric  unit  in  Porto,  Portugal.  Inclusion
riteria  were:  read  and  write  Portuguese,  single  gesta-
ion,  no  medical/obstetric  risk,  and  24-h  urinary  free

ortisol  measures  at  the  2nd  and  3rd  trimesters  and  at  3-
onths  postpartum.  Nearly  all  participants  were  Portuguese

83.3%)  and  lived  with  a  partner  (and  children)  (95.8%).
he  vast  majority  was  between  20  and  29  (66.7%);  had  low
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r  medium-low  socio-economical  background  (61.3%);  and
ere  employed  (93.8%).  About  65%  of  participants  were  first-

ime  parents  and  35.4%  second-time  parents  (see  Table  1).
ocio-demographic  features  (Santos  et  al.,  2011)  and  the
revalence  of  other  relevant  conditions,  such  as  anxiety
nd  depression  (Teixeira  et  al.,  2009;  Figueiredo  and  Conde,
011),  are  similar  to  other  studies  developed  with  the  Por-
uguese  low  risk  obstetric  population.  No  gender  differences
ere  found  for  any  of  considered  demographic  variables.
arity  differences  were  found  for  education  [�2(2)  =  11.45,

 = .003].

.2.  Procedure

he  present  research  was  conducted  in  accordance  with  the
elsinki  Declaration.  After  approval  by  the  review  board  of
he  institution,  participants  were  invited  to  participate  in
he  study  at  their  first  medical  appointment  (prior  14  weeks’
estation)  at  the  antenatal  obstetric  unit.  The  aims  and
he  procedures  of  the  study  were  explained.  After  signing
n  informed  consent  form,  the  socio-demographic  ques-
ionnaire  was  separately  filled  by  the  pregnant  women  and
he  men.  The  participants  collected  24-h  urine  samples  at
he  2nd  (M  =  20.5  weeks  gestation,  SD  =  .94)  and  3rd  preg-
ancy  trimester  (M  =  31.6  weeks  gestation,  SD  =  2.6)  and  at
-months  postpartum.

.3.  Measures  (women  and  men)

.3.1.  Socio-demographic  questionnaire
nformation  about  the  participants  (e.g.,  age,  occupational
tatus,  marital  status)  was  collected  using  a  socio-
emographic  questionnaire  (Teixeira  et  al.,  2009).

.3.2.  24-h  urinary  free  cortisol
esearch  on  cortisol  involves  a  variety  of  matrices.  Many
tudies  include  single  blood  samples  (D’Anna-Hernandez
t  al.,  2011),  while  others,  especially  based  on  naturalistic
ongitudinal  designs,  involving  the  collection  of  multiple  bio
pecimens  per  participant,  privilege  urine  and  saliva  sam-
les  over  other  matrices  (Sarkar  et  al.,  2013).  Saliva,  plasma
nd  24-h  urinary  free  cortisol  are  not  interchangeable,  as
hey  provide  different  kinds  of  information  about  ambient
PA  activity  (Yehuda  et  al.,  2003).  Since  saliva  cortisol  is

 response  mechanism  to  acute  conditions  (Kirschbaum  and
ellhammer,  1994),  even  repeated  measurements  may  not
e  the  most  informative  way  to  evaluate  overall  or  long-
erm  HPA  activity,  as  during  the  prenatal  and  postnatal
eriod.  A  measure  of  cortisol  over  a  longer  period  of  time
s  being  suggested  as  a  more  useful  practice  to  evaluate
he  overall  HPA  activity  in  non-acute  experimental  situa-
ions  (D’Anna-Hernandez  et  al.,  2011).  An  integrated  mean
f  cortisol  levels  over  24-h  period  is  thought  to  provide  a
oderately  stable  measure  of  adrenocortical  output,  par-

icularly  when  participants  collect  urine  on  days  where  they
an  restrict  environmental  exposure  to  stressors,  or  other
licitors  of  the  HPA  axis  (Yehuda  et  al.,  2003).  Moreover,  24-h

rinary  free  cortisol  enables  us  to  control  the  effect  of  time
f  the  day  in  which  participants  collected  urine  samples,
hich  is  associated  with  a high  variability  in  cortisol  levels.
ince  we  are  not  interested  in  cortisol  response  in  acute
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Table  1  Socio-demographics  (women  and  men,  first  and  second-time  parents,  and  total  sample).

Women
n  =  26
%

Men
n  =  22
%

1st  time
n  =  31
%

2nd  time
n  =  17
%

Total
N  =  48
%

Age  (years)
[20—29]  30.8  27.3  32.3  23.5  29.2
[30—39] 69.2 63.6 64.5  70.6  66.6
[40—49] 0.0 9.1 3.2 5.9  4.2

Matrimonial  status
Cohabiting  19.2 31.8 29.0 17.6 25.0
Married  80.8  68.2  71.0  82.4  75.0

Occupational  status
Employed  92.3  95.5  96.8  88.2  93.8
Unemployed  3.8  4.5  3.2  5.9  4.2
Student 3.9 0.0  0.0  5.9  2.1

Profession
Non manual  qualified  33.3  25.0  27.3  33.3  29.0
Non manual  not  qualified  0.0  18.8  9.1  11.1  9.7
Manual qualified  20.0  43.7  31.8  33.4  32.3
Manual not  qualified  46.7  12.5  31.8  22.2  29.0

Schooling (years)
<9  19.2  31.8  9.7  52.9  25.0
[9—12] 30.8  45.5  48.4  17.7  37.5
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situations,  but  rather  in  the  evaluation  of  overall  or  long-
term  HPA  activity  during  the  prenatal  and  early  postnatal
period  in  women,  men,  first-  or  second-time  parents,  24-h
free  cortisol  was  selected  as  an  index  of  the  total  amount  of
cortisol  released  by  the  adrenals  over  a  complete  circadian
cycle,  which  is  considered  a  physiologically  meaningful  unity
of  time.  Among  the  general  population,  the  reference  range
of  24-h  urinary  free  cortisol  levels  is  55.5—286.0  �g/24  h
(Bayer  Diagnostics  ADVIA  Centaur  Reference  Manual).

Participants  were  asked  to  collect  all  urine  produced  dur-
ing  a  24-h  period  according  to  the  following  instructions:
(1)  registration  of  the  day  and  time  of  the  first  urine  col-
lection,  (2)  collection  and  storage  the  urine  produced  in  a
cool  and  dark  place,  and  (3)  collection  the  last  urine  sample
on  the  following  day  at  the  same  time  of  the  initial  col-
lection.  For  assay,  total  volume  of  urine  produced  during  a
24-h  period  was  registered.  The  urine  samples  were  kept
frozen  at  −20 ◦C  and  then  analyzed  in  laboratory,  using  the
cortisol  ADVIA  Centaur  immunoassay  system  (Bayer  Diagnos-
tics).  This  system  consists  of  a  competitive  immunoassay
using  direct  chemiluminescent  technology.  The  procedure
followed:  (1)  take  a  20  nL  sample;  (2)  add  50  nL  of  Lite
reagent  and  250  nL  of  solid  phase  and  incubate  at  37 ◦C  for
5  min;  (3)  separate,  aspirate  and  wash  the  recipient  with
reagent  water;  (4)  add  the  same  amount  of  acid  and  basic
reagent  to  initiate  the  chemiluminescent  reaction  (Bayer
Diagnostics  ADVIA  Centaur  Assay  Manual).  Total  volumes  with
less  than  750  mL  of  urine  were  excluded  from  lab  analysis,

since  they  do  not  allow  a  valid  determination  of  hormone
measurement.  Continuous  levels  were  used  in  statistical
analysis.

p
m
w

41.9  29.4  37.5

.4.  Statistical  analysis

epeated  measures  analyses  of  variance  were  conducted
n  order  to  study  24-h  urinary  free  cortisol  patterns  over
he  2nd  and  3rd  pregnancy  trimesters  and  3-months  post-
artum.  Preliminary  analyses  of  variance  to  select  potential
onfounders  were  implemented.  No  significant  differences
ere  found  in  24-h  urinary  free  cortisol  at  the  2nd  and  3rd

rimester  or  at  3-months  postpartum,  concerning  age,  mat-
imonial  and  occupational  status,  profession  or  schooling.
ignificant/marginally  significant  differences  were  found
oncerning  gender  (cortisol  levels  at  the  2nd  trimester:
(46)  =  1.80,  p  =  .08;  3rd  trimester:  t(46)  =  1.80,  p  = .02)  and
arity  (cortisol  levels  at  the  3rd  trimester:  t(46)  =  1.71,

 =  .09).  Gender  and  parity  were  included  in  repeated  meas-
res  analyses  of  variance  as  potential  modifiers,  in  order
o  compare  women  and  men  and  first-  and  second-time
arents.  In  the  construction  of  the  model,  24-h  urinary
ree  cortisol  levels  were  included  as  measures  of  the  same
ithin-subject  factor  with  three  levels,  corresponding  to

he  three  measuring  time  points  (2nd  and  3rd  pregnancy
rimesters  and  3-months  postpartum).  Gender  and  parity
ere  considered  between-subjects  factors  of  the  analy-

is.  Main  effects  and  interaction  terms  were  tested.  Post
oc  pair-wise  comparisons  with  the  Bonferroni  correction
ere  applied  to  analyze  mean  differences  among  measuring

ime  points.  Independent  repeated  measures  ANOVAs  were
sed  to  study  24-h  urinary  free  cortisol  patterns  from  mid-

regnancy  to  3-months  postpartum,  respectively  in  women,
en,  and  first-  and  second-time  parents.  Bifactorial  ANOVAs
ere  performed  to  test  gender  and  parity  differences  in
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Table  2  24-h  urinary  free  cortisol  (�g/24  h)  from  mid-pregnancy  to  3-months  postpartum:  men  (n  =  22)  and  women  (n  =  26),
first (n  =  31)  and  second  (n  =  17)  time  parents,  and  total  sample  (N  =  48).

2nd
trimester
M  (SD)

3rd
trimester
M  (SD)

3-Months
postpartum
M  (SD)

Men
1st  time 67.67  (25.25) 93.00  (35.80) 66.41  (25.78)
2nd time  72.18  (26.03)  76.28  (15.24)  93.14  (49.83)

Total 69.31  (25.01)  86.92  (30.63)  76.13  (37.58)

Women
1st time  89.90  (36.66)  120.15  (42.56)  72.06  (43.19)
2nd time  75.11  (23.48)  99.48  (34.77)  74.56  (34.08)

Total 84.78  (32.99)  113.00  (40.58)  72.92  (39.58)

Total
1st time 79.86  (33.46) 107.89  (41.36) 69.51  (35.93)
2nd time 73.73  (23.97) 88.56  (29.13) 83.30  (41.94)

101.04  (38.31)  74.39  (38.30)
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trimester  [F(1,  44)  =  1.95,  p  =  .17]  or  at  3-months  postpartum
[F(1,  44)  =  .31,  p  =  .58]  (see  Table  2).

The  interaction  effect  for  Time  *  Gender  in  24-h  urinary
free  cortisol  levels  was  significant  between  the  2nd  preg-
nancy  trimester  and  3-months  postpartum  [F(1,  44)  =  5.04,
p  = .03,  �2

p =  .103],  but  not  between  the  2nd  and  the  3rd
pregnancy  trimesters  [F(1,  44)  =  .74,  p  =  .39,  �2

p =  .017]:
while  for  men  higher  24-h  free  cortisol  levels  were  found  at
3-months  postpartum  than  at  the  2nd  trimester,  in  women
higher  cortisol  levels  were  found  at  the  2nd  trimester  than
at  3-months  postpartum  (see  Fig.  1).

Pair  wise  comparisons  concerning  men’s  24-h  urinary  free
cortisol  levels  did  not  reveal  significant  mean  differences
either  between  the  2nd  and  the  3rd  pregnancy  trimesters
(MD  =  −14.71;  p  =  .24),  or  between  the  3rd  pregnancy
trimester  and  3-months  postpartum  (MD  =  4.86;  p =  1.00)  or
between  the  2nd  pregnancy  trimester  and  3-months  postpar-
tum  (MD  =  −9.85;  p  =  .70).  Pair  wise  comparisons  concerning
women’s  24-h  urinary  free  cortisol  levels  revealed  significant
mean  differences  between  the  3rd  pregnancy  trimester  and
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Total 77.69  (30.32)  

4-h  urinary  free  cortisol  levels  at  each  measuring  time
oints.  Partial  eta-squared  (�2

p)  was  used  as  a  measure
f  effect  size.  Its  interpretation  was  done  according  to
he  rule  of  thumb  (Cohen)  (.01  ∼  small;  .06  ∼  medium;
14  ∼  large).

. Results

.1.  24-h  urinary  free  cortisol  changes  from
id-pregnancy  to  3-months  postpartum

hen  total  sample  was  considered,  repeated  measures
NOVA  revealed  significant  changes  in  24-h  urinary  free  cor-
isol  levels  from  mid-pregnancy  to  3-months  postpartum
F(2,  88)  =  6.01,  p  =  .004,  �2

p =  .120].  Pair  wise  comparisons
oncerning  24-h  urinary  free  cortisol  levels  revealed  sig-
ificant  mean  differences  (MD)  between  the  2nd  and  the
rd  pregnancy  trimester  (MD  =  −21.01;  p  =  .02)  and  between
he  3rd  pregnancy  trimester  and  3-months  postpartum
MD  =  20.68;  p  =  .02),  but  not  between  the  2nd  pregnancy
rimester  and  3-months  postpartum  (MD  =  −.32;  p  =  1.00)
see  Table  2).

.2.  Gender  differences  and  effects  in  24-h
rinary free  cortisol  levels  and  changes  from
id-pregnancy  to  3-months  postpartum

hen  total  sample  was  considered,  repeated  measures
NOVA  did  not  reveal  significant  gender  effects  in  24-h  uri-
ary  free  cortisol  levels  [F(1,  44)  =  2.29,  p  =  .14,  �2

p =  .050].
hen  differences  between  men  and  women  were  explored
t  each  measuring  time  points,  significant  lower  24-h  urinary
ree  cortisol  levels  were  found  in  men  than  in  women  at  the
rd  pregnancy  trimester  [F(1,  44)  =  5.35,  p  =  .02],  but  no  sig-
ificant  differences  were  found  either  at  the  2nd  pregnancy

0
nemoWneM

Figure  1  Time  *  Gender  interaction  for  24-h  urinary  free  cor-
tisol.
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Figure  2  24-h  urinary  free  cortisol  (�g/24  h)  from  mid-
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Figure  3  Time  *  Parity  interaction  for  24-h  urinary  free  corti-
sol.
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pregnancy  to  3-months  postpartum:  men  (n  =  22),  women
(n =  26)  and  total  sample  (N  =  48).

3-months  postpartum  (MD  =  36.51;  p  =  .01),  but  not  between
the  2nd  and  the  3rd  pregnancy  trimester  (MD  =  −27.31;
p  =  .08)  or  between  the  2nd  pregnancy  trimester  and  3-
months  postpartum  (MD  =  9.20;  p  =  1.00)  (see  Fig.  2).

3.3.  Parity  differences  and  effects  in  24-h  urinary
free cortisol  levels  and  changes  from
mid-pregnancy  to  3-months  postpartum

When  total  sample  was  considered,  repeated  measures
ANOVA  did  not  show  significant  parity  effects  in  24-h  uri-
nary  free  cortisol  levels  [F(1,  44)  =  .20,  p  =  .66,  �2

p =  .005].
When  differences  between  first-  and  second-time  parents
were  examined  at  each  of  measuring  time  points,  no  signif-
icant  differences  were  found  either  at  the  2nd  pregnancy
trimester  [F(1,  44)  =  .33,  p  =  .57],  at  the  3rd  pregnancy
trimester  [F(1,  44)  =  2.95,  p  =  .09]  or  at  3-months  postpartum
[F(1,  44)  =  1.57,  p  =  .22]  (see  Table  2).

The  interaction  effect  for  Time  *  Parity  in  24-h  urinary
free  cortisol  levels  was  significant  between  the  2nd  preg-
nancy  trimester  and  3-months  postpartum  [F(1,  44)  =  5.58,
p  =  .02,  �2

p =  .113],  but  not  between  the  2nd  and  the  3rd
pregnancy  trimesters  [F(1,  44)  =  .86,  p  =  .36,  �2

p =  .019]:
while  for  second-time  parents  higher  24-h  free  cortisol  lev-
els  were  found  at  3-months  postpartum  than  at  the  2nd
trimester,  in  first-time  parents  higher  cortisol  levels  were
found  at  the  2nd  trimester  than  at  3-months  postpartum
(see  Fig.  3).

Pair  wise  comparisons  concerning  first-time  parents’  24-h
urinary  free  cortisol  levels  revealed  significant  mean  differ-
ences  between  the  2nd  and  the  3rd  pregnancy  trimesters
(MD  =  −27.79;  p  =  .02)  and  the  3rd  pregnancy  trimester
and  3-months  postpartum  (MD  =  37.34;  p  =  .000),  but  not
between  the  2nd  pregnancy  trimester  and  3-months  postpar-

tum  (MD  =  9.55;  p  =  .69).  Pair  wise  comparisons  concerning
second-time  parents’  24-h  urinary  free  cortisol  did  not
show  significant  mean  differences  between  the  2nd  and
the  3rd  pregnancy  trimesters  (MD  =  −14.23;  p  =  .50),  the  3rd

t
t
a
a

regnancy  to  3-months  postpartum:  first  (n  =  31)  and  second
n =  17)  time  parents,  and  total  sample  (N  =  48).

regnancy  trimester  and  3-months  postpartum  (MD  =  4.03;
 =  1.00)  or  between  the  2nd  pregnancy  trimester  and  3-
onths  postpartum  (MD  =  −10.20;  p  =  .98)  (see  Fig.  4).
The  interaction  effect  for  Time  * Gender  * Parity  in  24-

 urinary  free  cortisol  levels  was  non-significant  [F(2,
8)  =  .29,  p  =  .75,  �2

p =  .007].  The  interaction  effect  for  Gen-
er  * Parity  in  24-h  urinary  free  cortisol  levels  was  also
on-significant  neither  in  repeated  measures  ANOVA  [F(1,
4)  =  1.32,  p  =  .26],  nor  when  the  2nd  [F(1,  44)  =  1.15,

 =  .29],  3rd  trimesters  [F(1,  44)  =  .03,  p  =  .86]  and  3-months
ostpartum  [F(1,  44)  =  1.08,  p  =  .30]  were  independently
onsidered.

.  Discussion

hanges  in  24-h  urinary  free  cortisol  levels  from  mid-
regnancy  to  3-months  postpartum  were  found  in  all
arents,  with  an  increase  from  the  2nd  to  the  3rd  pregnancy

rimester  and  a  decrease  from  the  3rd  pregnancy  trimester
o  3-months  postpartum.  This  is  a  trend  found  in  the  liter-
ture,  where  a  rise  in  cortisol  levels  during  pregnancy  and

 decrease  at  early  postpartum  were  consistently  reported
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de  Weerth  and  Buitelaar,  2005;  Obel  et  al.,  2005;  Figueiredo
nd  Costa,  2009;  Jung  et  al.,  2011).

Overall,  the  same  pattern  of  change  in  all  parents’  24-h
rinary  free  cortisol  from  mid-pregnancy  to  3-months  post-
artum  is  consistent  with  the  role  of  hormonal  changes  in
estation  and  preparation  to  parenting  (Carter  and  Porges,
012).  Several  suggestions  can  be  found  in  literature  about
his  pattern  in  women.  The  increment  in  cortisol  lev-
ls  as  pregnancy  progresses  was  considered  important  for
oetal  development,  as  maternal  cortisol  affects  foetal  hor-
one  levels  and  placental  structure  and  perfusion  (Jensen

t  al.,  2005).  Other  authors  suggest  that  the  increase  of
ortisol  during  pregnancy  is  related  to  circulating  CRH  con-
entrations  critical  for  the  initiation  of  the  parturition
O’Keane  et  al.,  2011).  Jung  et  al.  (2011)  propose  the  rise
n  plasma  free  cortisol  during  pregnancy  as  an  indicator
f  the  maternal  HPA  axis  across  this  period.  The  greater
ncrease  in  urinary  free  cortisol  also  associated  with  preg-
ancy  reflect  the  increase  in  both  cortisol  production  and
learance.  On  the  other  hand,  the  decrease  in  cortisol  lev-
ls  observed  at  postpartum  support  the  notion  that  the  HPA
xis  gradually  recovers  during  the  postpartum  period  from
ts  activated  state  during  pregnancy  (Mastorakos  and  Ilias,
003;  Kammerer  et  al.,  2006;  Jung  et  al.,  2011).  The  HPA  axis
emains  relatively  hypo  responsive  during  the  postpartum
eriod,  probably  as  a  consequence  of  an  adrenal  hypertro-
hy  during  pregnancy,  high  rates  of  cortisol  non-suppression
o  dexamethasone  present  at  the  first  three  postpartum
eeks  (Owens  et  al.,  1987)  and  other  inhibitory  brain  fac-

ors,  such  us  oxytocin  or  prolactin  (O’Keane  et  al.,  2011).
ince  these  explanations  are  mostly  based  in  phenomena
elated  to  gestation,  parturition  and  lactation,  they  can-
ot  be  applied  to  men.  A  similar  pattern  of  change  in  24-h
rinary  free  cortisol  from  mid-pregnancy  to  3-months  post-
artum  between  women  and  men  is  consistent  with  results
ndicating  that  men  and  women  may  have  similar  stage-
pecific  differences  in  hormone  levels  (Storey  et  al.,  2000)
nd  with  findings  suggesting  that  underlying  neuroendocrine
ontrol  of  parental  behavior  may  be  homologous  in  both  men
nd  women  (for  a  review  see  Wynne-Edwards  and  Reburn,
000;  Nunes-Costa  et  al.,  2015).  This  finding  need  to  be
eplicated  and  future  research  should  therefore  maintain
en  as  the  focus  of  attention  to  enable  a  deeper  under-

tanding  of  the  meaning  and  mechanisms  of  cortisol  changes
bserved  during  this  period.

Higher  24-h  urinary  free  cortisol  levels  were  observed  in
omen  compared  to  men  at  the  3rd  pregnancy  trimester,
ith  no  significant  differences  being  observed  neither  at  the
nd  trimester  nor  at  3-months  postpartum.  This  may  reflect
he  importance  of  cortisol  in  the  initiation  of  the  parturition
O’Keane  et  al.,  2011)  and  acknowledge  the  need  for  this
ypothesis  to  be  fully  tested  in  future  research.

An  interaction  effect  for  Time  * Gender  and  for
ime  *  Parity  was  also  reported  in  the  present  study.
omen  and  first-time  parents  showed  higher,  while  men

nd  second-time  parents  registered  lower  24-h  urinary
ree  cortisol  levels  at  the  2nd  trimester  than  at  3-months
ostpartum.  The  increase  observed  in  cortisol  levels  from

he  2nd  to  the  3rd  pregnancy  trimester  and  the  decrease
ccurring  from  the  3rd  pregnancy  trimester  to  3-months
ostpartum  is  more  prominent  in  women  and  first-time
arents  compared  to  men  and  second-time  parents.  As
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ar  as  we  know  there  is  no  previous  report  on  this  find-
ng.  Even  so,  it  seems  to  be  consistent  with  proposed
heoretical  approach  identifying  (i)  the  HPA  axis  as  the
rimary  biological  mechanism  underlying  stress  regulation
nd  adaptation  (Reynolds  et  al.,  2013)  and  (ii)  the  role  of
ortisol,  considered  the  end  product  of  the  HPA  axis,  as  a
iomarker  of  psychological  stress  (Nathanielsz  et  al.,  2003).

Different  patterns  of  change  due  to  gender  and  parity
ay  indicate  cortisol  as  a  stress  biomarker  for  reported

igher  challenges  associated  to  pregnancy  and  childbirth  for
omen  and  first-time  parents  versus  higher  demands  men
nd  second-time  parents  related  to  after  childbirth  parent-
ng  (Colman  and  Colman,  1991).

The  previous  hypothesis  is  consistent  with  studies  ana-
yzing  psychological  adjustment  during  pregnancy  and  early
ostpartum,  when  higher  anxiety  and  depression  symp-
oms  were  found  near  the  end  of  pregnancy  in  women
nd  first-time  parents  and  at  early  postpartum  in  men  and
econd-time  parents,  suggesting  these  periods  are  the  most
tressful  for  each  group  (e.g.,  Skari  et  al.,  2002;  Twenge
t  al.,  2003;  Figueiredo  and  Conde,  2011).  Studies  focused
n  the  subjective  content  of  psychological  anxiety  dur-
ng  pregnancy  and  early  postpartum,  involving  both  women
nd  men  (e.g.,  Matulaitë-Horwood  and  Bieliauskaitë,  2005),
emonstrated  that  unfinished  physical  and  emotional  prepa-
ation  for  the  arrival  of  the  new  family  member  and  the
artner’s  feelings  are  identified  as  the  most  stressful  expe-
iences  for  men;  with  delivery  (giving  birth),  anticipated
hanges  in  the  postpartum  period  (life  after  birth),  baby’s
ealth  in  birth  and  afterwards  (baby’s  health),  the  ability
o  look  after  the  child  and  notions  of  maternal  compe-
ency  are  pointed  out  as  the  most  stressful  experiences
or  women.  Additionally,  empirical  evidence  suggests  that
rior  maternal  experience  may  buffer  second-time  parents
rom  a  variety  of  adverse  situations  (e.g.,  fear  related  with
abor  and  delivery,  child’s  and  mother’s  health)  found  to
nfluence  first-time  parents.  The  effect  of  parity  favoring
ultiparous  women  primarily  occurs  during  the  first  postpar-

um  weeks,  before  first-time  parents  acquiring  experience.
ubsequently,  second-time  parents  seem  to  be  higher  dis-
upted  by  the  need  to  face  multiple  responsibilities  that
eed  to  be  addressed,  including  professional  issues  and  the
eed  to  look  after  the  newborn  and  their  other  children  (for

 review  see  Corter  and  Fleming,  2002).
Previous  studies  about  cortisol  during  pregnancy  and  the

ostpartum  period  mainly  focused  on  primiparous  women,
nalyzing  cortisol  reactivity  under  stressful  situations.  Little
s  known  about  cortisol  changes  in  men  and  in  second-time
arents  involving  naturalistic,  longitudinal  designs,  which
s  important  due  to  increased  evidence  suggesting  inter-
ndividual  variations  in  HPA  axis  activity  in  pregnancy  and
ostpartum.  As  far  as  we  were  able  to  ascertain,  the  present
tudy  is  the  first  having  a  longitudinal  design  following  both
omen  and  men,  first-  and  second-time  parents  across  preg-
ancy  and  early  postpartum,  and  analyzing  24-h  urinary  free
ortisol  patterns  over  the  2nd  and  3rd  pregnancy  trimesters
nd  3-months  postpartum.  This  seems  to  be  an  innovative
erspective  in  the  analysis  of  course,  related  factors,  and

he  effects  of  hormonal  changes  during  pregnancy  and  the
ostpartum  period.

Findings  appear  to  clarify  the  direction,  as  well  as,  the
iming,  gender  and  parity  extension  of  the  changes  in  24-h
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24-h  urinary  free  cortisol  from  mid-pregnancy  to  3-months  p

urinary  free  cortisol  from  mid-pregnancy  to  3-months  post-
partum.  The  same  pattern  of  change  in  all  parents’  24-h
urinary  free  cortisol  from  mid-pregnancy  to  3-months  post-
partum  is  consistent  with  the  role  of  hormonal  changes  in
gestation  and  preparation  to  parenting.  Differences  on  24-
h  urinary  free  cortisol  according  to  gender  and  parity  are
consistent  with  cortisol  as  a  stress  biomarker  for  higher  chal-
lenges  associated  to  pregnancy  and  childbirth  for  women
and  first-time  parents  versus  higher  demands  related  to
after  childbirth  parenting  for  men  and  second-time  parents.
We  suggest  that  pregnancy  and  the  early  postpartum  can  be
compared  to  a  period  of  chronic  stress  followed  by  a  dysreg-
ulation  of  the  HPA  axis,  with  consequent  changes  in  the  24-h
urinary  free  cortisol  levels.  If  this  hypothesis  is  confirmed,
it  will  support  the  value  of  this  measure  in  assessing  distress
related  to  developmental  tasks  inherent  to  the  transition  to
parenthood,  contrary  to  what  has  been  indicated  by  previ-
ous  research  studies  suggesting  that  the  collection  of  urinary
cortisol  does  not  adequately  captures  short-term  changes  in
response  to  acute  stressors  (Lovallo  and  Thomas,  2000).

Despite  the  effect  size  variation  between  medium  to
large  magnitude,  the  small  sample  size  is  the  major  limita-
tion  of  the  present  study,  implying  that  the  results  should
be  considered  with  caution.  24-h  urinary  free  cortisol  is
considered  the  best  matrix  to  evaluate  overall  or  long-
term  HPA  activity  during  this  period  (Yehuda  et  al.,  2003).
Some  methodological  constraints  need  to  be  referred.  Cor-
tisol  measurement  validity  depends  on  the  compliance  with
instructions.  It  also  implies  the  non-occurrence  of  acute
stress-inducing  situations  at  the  time  of  data  collection.
Both  conditions  may  result  in  increased  measurement  error
if  not  properly  controlled.  Participants’  24-h  urinary  free
cortisol  levels  are  within  the  reference  range  expected  for
the  general  population.

Parenting  involves  a  complex  interplay  between  physio-
logical  and  experiential  factors  that  imply  the  involvement
of  a  considerable  number  of  biologically  active  hormones
that  influence  each  other  in  an  integrated  action.  Inter-
individual  variations  in  the  HPA  axis  during  pregnancy  have
mostly  been  studied  in  the  context  of  maternal  stress,  being
associated  with  anxiety/depression  symptoms  (for  a  review
see  Talge  et  al.,  2007).  However,  several  other  studies
show  that  stress  and  anxiety  levels  assessed  by  question-
naire  do  not  necessarily  correlate  with  maternal  cortisol
levels  (Harville  et  al.,  2009;  Voegtline  et  al.,  2013).  The
establishment  of  a  hormonal  profile  during  the  transition
to  parenthood  and  involving  larger  samples,  in  order  to
simultaneously  analyze  pregnancy  and  early  postpartum  psy-
chophysiological  adjustment  occurring  with  the  couple  and
taking  into  account  parity  is  important.  This  may  generate
new  knowledge  about  early  biological  markers  of  psycho-
logical  maladjustment  and  allow  the  screening  of  parents
at  increased  risk,  even  among  low  risk  community  popula-
tions.  The  knowledge  of  gender  and  parity  differences  and
effects  in  psychophysiological  changes  during  this  period  will
also  contribute  towards  the  establishment  of  new  targets  for
interventions  during  pregnancy  and  postpartum,  thus  pre-
venting  parents’  puerperal  disorders  associated  with  HPA

dysregulation  and  its  impact  on  the  child’s  outcomes  (Duthie
and  Reynolds,  2013).

Constraints  related  with  experimental  research  in  human
beings  imply  the  adoption  of  different  and  more  indirect
artum  271

ethodologies  to  build  knowledge  about  the  psychobiology
f  events  surrounding  the  transition  to  parenthood.  Find-
ngs  from  previous  studies  analyzing  the  negative  prediction
f  infant’s  outcomes  considering  maternal  cortisol  levels
ointed  out  that  this  prediction  seems  to  be  dependent
n  the  type  of  cortisol  measurement,  as  well  as,  the  tim-
ng  of  sample  collection,  gestation  assessment  and  whether
he  total  cortisol  or  free  (bioavailable)  cortisol  is  measured
Duthie  and  Reynolds,  2013).  Therefore,  the  replication  of
he  present  study  comparing  a  variety  of  matrices  for  corti-
ol  assessment  is  also  suggested,  in  order  to  further  explore
on-consensual  results  usually  found  in  this  domain.

Finally,  following  a system  perspective  implying  the
riad  infant—mother—father,  we  believe  this  is  essential  to
evelop  and/or  validate  theoretical  models  to  explain  the
ole  of  cortisol  in  parents’  adjustment  to  the  transition  to
arenthood  and  its  impact  on  foetal  programming,  in  addi-
ion  to  planning  psychological  interventions  focused  in  the
pecific  needs  of  women,  men,  first-  and  second-time  par-
nts  during  each  stage  of  pregnancy  and  postpartum.
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