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Abstract  While  previous  research  has  suggested  that  anger  and  fear  responses  to  stress  are
linked to  distinct  sympathetic  nervous  system  (SNS)  stress  responses,  little  is  known  about  how
these emotions  predict  hypothalamus-pituitary-adrenal  (HPA)  axis  reactivity.  Further,  earlier
research  primarily  relied  on  retrospective  self-report  of  emotion.  The  current  study  aimed  at
addressing  both  issues  in  male  and  female  individuals  by  assessing  the  role  of  anger  and  fear
in predicting  heart  rate  and  cortisol  stress  responses  using  both  self-report  and  facial  coding
analysis to  assess  emotion  responses.

We  exposed  32  healthy  students  (18  female;  19.6  ±  1.7  yr)  to  an  acute  psychosocial  stress
paradigm (TSST)  and  measured  heart  rate  and  salivary  cortisol  levels  throughout  the  protocol.
Anger and  fear  before  and  after  stress  exposure  was  assessed  by  self-report,  and  video  recor-
dings of  the  TSST  were  assessed  by  a  certified  facial  coder  to  determine  emotion  expression
(FACS).

Self-reported  emotions  and  emotion  expressions  did  not  correlate  (all  p  >  .23).  Increases
in self-reported  fear  predicted  blunted  cortisol  responses  in  men  (ˇ  =  0.41,  p  =  .04).  Also  for
men, longer  durations  of  anger  expression  predicted  exaggerated  cortisol  responses  (ˇ  =  0.67
p =  .004),  and  more  anger  incidences  predicted  exaggerated  cortisol  and  heart  rate  responses
(  ̌ =  0.51,  p  =  .033;  ˇ  =  0.46,  p  =  .066,  resp.).  Anger  and  fear  did  not  predict  SNS  or  HPA  activity
for females  (all  p  >  .23).

The  current  differential  self-report  and  facial  coding  findings  support  the  use  of  multiple
modes of  emotion  assessment.  Particularly,  FACS  but  not  self-report  revealed  a  robust  anger-
stress association  that  could  have  important  downstream  health  effects  for  men.  For  women,
future research  may  clarify  the  role  of  other  emotions,  such  as  self-conscious  expressions  of

shame, for  physiological  stress  responses.  A  better  understanding  of  the  emotion-stress  link
may contribute  to  behavioral  

emotionally  to  stress.
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Anger  responses  to  psychosocial  stress  predict  heart  rate  an

1. Introduction

Stress  may  elicit  a  range  of  emotions,  including  feel-
ings  of  anger  and  fear.  Although  recent  studies  have
examined  the  situational  and  cognitive  predictors  and  mod-
erators  of  acute  stress  (Denson  et  al.,  2009;  Dickerson  and
Kemeny,  2004;  Gaab  et  al.,  2003),  less  is  known  about
the  role  of  emotion.  Research  is  particularly  lacking  on
how  specific  emotions,  such  as  anger  and  fear,  may  pre-
dict  hypothalamic—pituitary—adrenal  (HPA)  axis  activation
as  measured  by  cortisol  responses  to  stress.  Unraveling
potentially  specific  associations  between  anger,  fear,  and
cortisol  stress  responses  could  be  helpful  in  differentiating
harmful  from  more  productive  stress  responses.  Further-
more,  it  could  lead  to  interventions  that  introduce  better
ways  of  coping  with  the  emotions  that  stress  may  elicit.

Acute  stress  activates  a  coordinated  set  of  physiological
responses  that  prepares  the  body  to  deal  with  an  imme-
diate  threat.  A  rapid  ‘‘first  wave’’  response  dictated  by
the  Sympathetic  Nervous  System  (SNS)  increases  respiration
and  heart  rate  as  oxygen  and  glucose  speed  to  the  skele-
tal  muscles  and  heart  (Sapolsky,  2000).  A  second  response
dictated  by  the  hypothalamic—pituitary—adrenal  (HPA)  axis
stimulates  the  production  and  release  of  stress  hormones
including  cortisol.  In  addition  to  prolonging  the  cardiovas-
cular  effects  of  the  SNS,  cortisol  protects  the  body  from
the  harmful  effects  of  an  overactive  immune  system  by
selectively  suppressing  those  functions  that  are  no  longer
needed  once  the  stressor  has  ended  (Besedovsky  et  al.,
1985).  Though  adaptive  when  activated  in  the  short  term,
repeated  or  chronic  activation  of  the  HPA  axis  is  believed  to
cause  wear  and  tear  on  the  body,  and  has  consistently  been
linked  to  negative  health  outcomes  (McEwen,  1998;  McEwen
and  Seeman,  1999;  Tsigos  and  Chrousos,  2002).

According  to  appraisal  theory,  it  is  not  the  stressor  itself,
but  rather  what  one  thinks  about  the  situation,  that  will
determine  the  physiological  effects  that  result  from  the
experience  (Lazarus  and  Folkman,  1984).  These  subjective
appraisals  of  stressful  situations  are  also  thought  to  give  rise
to  emotions.  That  is,  if  a  person  interprets  a  situation  as  ben-
eficial,  positive  emotions  result;  if  the  situation  is  appraised
as  potentially  harmful,  negative  emotions  result  (Lazarus,
1982;  Smith  and  Lazarus,  1990).  It  is  not  yet  clear,  however,
if  and  how  positive  or  negative  emotions  are  linked  to  acute
biological  stress  responses,  since  prior  studies  failed  to  find
such  associations  (Clark  et  al.,  2001;  Dickerson  and  Kemeny,
2004;  Denson  et  al.,  2009).  Instead,  some  evidence  suggests
that  within  these  broad  valence  categorizations  for  positive
and  negative  emotions,  individual  emotions  may  be  linked  to
acute  stress  responses.  For  example,  a  line  of  research  has
found  links  between  self-conscious  emotions  such  as  shame
and  strength  of  cortisol  stress  responses  (Dickerson  et  al.,
2004,  2008).

Anger  and  fear,  two  other  negative-valence  emotions,
have  also  been  linked  to  stress  responses,  particularly  with
regards  to  the  Sympathetic  Nervous  System.  Both  emotions
have  been  found  to  be  positively  correlated  with  heart
rate  increases  (Ekman  et  al.,  1983;  Ray  et  al.,  2008).  Com-

pared  with  fear,  anger  seems  to  be  more  strongly  associated
with  increased  diastolic  blood  pressure,  arterial  pressure
(Schwartz  et  al.,  1981),  and  finger  temperature  (Ekman
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t  al.,  1983).  Current  literature  also  suggests  possible  gen-
er  differences  in  the  emotion-SNS  link.  For  example,  in  one
articular  study,  young  women  showed  stronger  heart  rate
eactivity  than  young  men  in  both  anger-  and  fear-induction
onditions  (Labouvie-Vief  et  al.,  2003).  Taken  as  a  whole,
his  research  suggests  that  anger  and  fear  may  differen-
ially  predict  specific  SNS  responses  in  the  context  of  stress
nd,  further,  that  these  relationships  may  be  moderated  by
ender.

With  regards  to  the  second  wave  of  acute  stress
esponses,  studies  linking  emotion  to  HPA  stress  responses
re  few  and  often  report  conflicting  results.  For  instance,
ne  study  found  that  self-reported  anger  after  stress  pre-
icted  stronger  cortisol  stress  responses,  while  self-reported
ear  predicted  decreases  in  cortisol  levels  (Moons  et  al.,
010).  Yet,  another  recent  study  found  that  participants
ho  felt  more  fear  during  a  stressor  actually  showed  higher
ortisol  increases  (Lerner  et  al.,  2007).  The  methodologi-
al  differences  between  the  studies  could  help  explain  the
onflicting  findings;  for  example,  the  study  by  Moons  et  al.
2010)  utilized  a  psychosocial  stress  paradigm  (Trier  Social
tress  Test:  TSST)  and  emotions  were  self-reported  after
ompletion  of  the  task,  while  the  latter  used  mathematical
tress  tasks  and  facial  coding  analyses  of  emotion  expres-
ions  shown  throughout  the  stressor.  It  may  be  that  the
motion-cortisol  link  differs  based  on  the  type  of  stress
est  given,  as  well  as  the  method  of  emotion  assessment
self-report  vs.  facial  coding),  but  this  has  not  yet  been
nvestigated.  Notably,  neither  of  the  above  studies  reported
ender  differences  in  the  emotion-HPA  link.  Clearly,  more
esearch  is  needed  to  tease  apart  the  effects  that  anger  and
ear  may  have  on  the  HPA  axis  for  both  men  and  women.

To  our  knowledge  the  study  by  Lerner  et  al.  (2007)  is
he  first  to  use  facial  coding  to  assess  emotion  in  the  con-
ext  of  stress.  This  is  a  notable  development,  since  most
tudies  rely  on  self-report  to  assess  emotions.  This  method
s  not  without  its  weaknesses;  namely,  due  to  the  nature
f  many  laboratory  stress  tests,  questionnaires  are  only
iven  before  and  after  the  stressor,  and  so  may  not  cap-
ure  the  more  immediate  emotional  reactions  that  occur
uring  the  actual  stress  test.  According  to  Scherer’s  com-
onents  processing  model  of  emotion,  emotion  consists  of  a
ombination  of  five  different  elements:  cognitive  appraisal,
odily  symptoms,  action  tendencies,  feeling,  and  expression
Scherer,  1987,  2005).  While  self-report  may  address  subjec-
ive  experience  through  feelings  and  cognitive  appraisals
f  a  situation,  facial  coding  may  shed  light  on  another
omponent-  that  of  expression.  The  ‘online’  way  of  measur-
ng  emotion  versus  the  ‘retrospective  and  processed’  way  of
elf-report  could  account  for  some  of  the  differences  cur-
ently  found  in  the  literature  linking  emotions  and  cortisol
esponses.  Thus,  for  the  current  study  in  addition  to  self-
eport,  we  added  facial  coding  to  assess  emotion  expressions
hroughout  stress  exposure.  The  Facial  Action  Coding  System
Ekman  and  Friesen,  1978;  Ekman  et  al.,  2002)  is  one  widely-
sed  method  to  categorize  expression  of  emotion  through
ovement  of  individual  facial  muscles.  This  analysis  not  only

llows  for  assessment  of  emotion  expressions  as  they  occur,

ut  also  can  detect  emotions  that  the  participant  may  not
elf-report  accurately,  either  purposefully  or  unknowingly
Cronbach,  1970;  Derakshan  and  Eysenck,  1999;  Myers  and
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rewin,  1995;  Paulhus  and  John,  1998).  Lastly,  this  method
llows  for  close  examination  of  emotions:  which  type  of
motion  is  shown,  how  often  it  is  presented,  how  long  it
asts,  and  how  intense  each  occurrence  may  be.

In  summary,  stress  research  focused  on  the  role  of  emo-
ion  on  SNS  reactivity  often  relies  solely  on  self-report,  and
tudies  assessing  HPA  reactivity  and  emotion  expressions  are
acking.  The  current  study  aimed  to  combine  self-report
nd  facial  coding  to  investigate  whether  a  specific  emo-
ion  expression  response  to  an  acute  psychosocial  stressor
ould  differentially  predict  heart  rate  and  cortisol  stress

esponses.  In  parallel  to  earlier  studies,  we  focused  our
nalyses  on  anger  and  fear  responses.  Based  on  the  studies
escribed  above,  we  predicted  that  (1)  both  self-reported
nger  and  fear  responses  to  stress,  as  well  as  facial  expres-
ions  of  these  emotions,  would  be  positively  associated  with
eart  rate  increases.  We  further  hypothesized  that  (2)  ret-
ospective  self-report  and  facial  expressions  of  anger,  but
ot  fear,  would  be  positively  associated  with  cortisol  stress
esponses.  Additionally,  although  previous  studies  of  emo-
ion  and  HPA  activity  do  not  find  or  report  moderating  effects
f  gender,  some  emotion-SNS  research  does  suggest  possible
ender  differences  in  the  emotion-stress  link.  With  this  in
ind,  we  also  set  out  to  explore  gender-dependent  effects

f  emotion  stress  response  on  heart  rate  and  cortisol  stress
esponses.

. Methods

.1.  Participants

orty-six  participants  were  recruited  from  a  pool  of  Brandeis
ndergraduate  psychology  students  and  from  the  general
tudent  population  using  fliers  posted  on  the  Brandeis
ampus.  We  excluded  individuals  who  self-reported  any
ardiovascular  or  other  chronic  diseases,  as  well  as  any-
ne  taking  medication  that  could  affect  measurement  of
tress  hormones  (such  as  beta-blockers,  statins,  or  oral
ontraceptives).  Only  native  English  speaking  participants
ere  included.  From  the  initial  46  participants,  only  those
articipants  with  complete  data  were  included  in  hypothe-
is  testing.  Participants  were  excluded  due  to  incomplete
ortisol  data  (n  =  2),  incomplete  heart  rate  data  (n  =  3),
ncomplete  questionnaire  data  (n  =  1),  and  incomplete  TSST
ideo  recordings,  or  a  video  that  was  not  of  high  enough
uality  to  allow  for  facial  coding  analysis  (n  =  7).  In  addi-
ion,  one  participant  was  more  than  4  standard  deviations
bove  the  mean  in  anger  count  and  anger  duration  and  was
xcluded  from  analysis,  resulting  in  a  final  sample  of  32  par-
icipants  (18  female;  average  age:  19.6  years  (range:  18—25,
D  =  1.7).  Participants  received  reimbursement  of  $15  or  1
tudy  credit.  The  study  was  approved  by  the  Brandeis  Insti-
utional  Review  Board.

.2.  Procedure

articipants  were  asked  to  come  to  the  laboratory  on  a

eekday  afternoon  between  the  hours  of  14:00  and  17:00.
fter  being  seated  in  a  comfortable  testing  room,  the
tudy  protocol  was  explained  and  the  participant  asked  for
nformed  consent.  Once  consent  was  given,  the  participant
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as  fitted  with  a  heart  rate  monitor  consisting  of  a  trans-
itter  belt  worn  around  the  chest  and  a  wrist  watch-like

eceiver  on  the  non-dominant  hand.  During  the  following
0  min,  participants  were  asked  to  answer  questionnaires
ssessing  their  health  and  personality  and  otherwise  were
llowed  to  rest  comfortably.  Subsequently,  a  first  saliva  sam-
le  was  obtained  to  assess  baseline  cortisol  levels.  After
articipants  self-reported  their  current  mood,  they  were  led
o  another  room  where  the  Trier  Social  Stress  Test  (TSST)  was
dministered  according  to  established  protocols  (see  below
or  more  details).  Participants  were  videotaped  throughout
he  TSST.  After  the  TSST,  a  second  saliva  sample  was  col-
ected  and  post-stress  mood  was  assessed.  Participants  spent
he  remainder  of  the  experiment  seated  comfortably  in  their
esting  room;  during  this  time,  additional  saliva  samples
ere  collected  at  1,  10,  30,  and  45  min  post-TSST  to  cap-

ure  cortisol  response  and  recovery.  At  +30  min,  participants
ere  debriefed  by  the  TSST  panel,  and  after  +45  min,  reim-
ursed  for  their  time.  Heart  rate  was  recorded  throughout
he  entire  protocol.

.3.  Measures  and  equipment

.3.1.  Trier  Social  Stress  Test  (TSST)
he  current  study  utilized  the  Trier  Social  Stress  Test  (TSST),
hich  combines  an  oral  speech  task  and  an  oral  quantitative

ask  and  has  been  shown  to  reliably  elicit  both  a  cardio-
ascular  and  cortisol  response  (Kirschbaum  et  al.,  1993).  In
ore  detail,  a  panel  of  observers,  consisting  of  two  confed-

rates  dressed  in  white  laboratory  coats,  is  seated  behind
 large  desk  and  a  video  camera.  The  participant  is  asked
o  imagine  that  (s)he  has  applied  for  a  ‘‘dream  job’’  and
een  invited  to  a  job  interview.  In  this  interview,  (s)he  has
o  talk  for  5  min  about  the  characteristics  of  his/her  per-
onality  that  make  him/her  particularly  attractive  to  the
otential  employer.  The  participant  is  then  given  5  min  to
repare  this  speech.  During  the  actual  speech,  the  panel
f  observers  takes  notes  and  assumes  neutral  behavior,  e.g.
oes  not  respond  to  attempts  of  the  participants  to  establish

 personal  relationship.  If  the  participant  stops  talking,  the
anel  waits  10  s  and  then  asks  the  participant  to  continue.
fter  5  min  of  the  verbal  task,  the  participant  is  asked  to
ount  backward  from  2043  in  increments  of  17  as  fast  and
recisely  as  possible.  Every  mistake  leads  to  a  panel  mem-
er  asking  the  participant  to  start  over  at  the  initial  number
2043).

.3.2.  Facial  coding
ideotapes  recorded  during  the  TSST  were  used  for  facial
oding  analysis.  Participants’  facial  behavior  was  coded
sing  the  Facial  Action  Coding  System,  an  anatomically-
ased  coding  system  (Ekman  and  Friesen,  1978;  Ekman
t  al.,  2002).  In  more  detail,  a  specific  application  of  this
ystem  (EMFACS-8)  was  utilized,  which  allows  for  expe-
ited  coding  through  inclusion  of  meaningful  combinations
f  action  units  that  have  been  shown  to  be  associated  with
motion  experience  (Ekman  et  al.,  1994).  For  example,  an

U  4  (lowering  of  the  brow)  would  be  meaningless  and
ncodeable  alone,  but  when  combined  with  an  AU  7  (clos-
ng  of  the  eye  aperture)  becomes  a  codeable  expression  for
‘anger’’.  The  reliability  and  validity  of  the  EMFACS  system
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have  been  demonstrated  in  prior  studies  (e.g.,  Keltner  and
Bonanno,  1997).  Although  the  EMFACS  criteria  were  used  to
code  expression  of  any  emotion,  only  those  of  anger  and
fear  were  included  in  this  study.  The  following  AUs  and  com-
binations  of  AUs  were  used  for  the  anger  expression:  4  +  5,
4  +  7,  5  + 7,  23,  29,  17  +  23,  and  17  +  24.  The  following  AUs  and
combinations  of  AUs  were  used  for  fear  expression:  1  +  2  +  4,
20.  Coders  observed  the  videos  at  normal  speed,  noting  at
about  which  part  an  expression  began.  From  that  point  on,
expressions  were  examined  frame-by-frame  with  each  frame
lasting  1/30  s.  Prior  emotion  research  has  utilized  FACS  data
as  a  composite  measure  (for  example,  Lerner  et  al.,  2007).
Since  it  is  still  unclear  whether  incidence,  frequency,  or
intensity  of  emotion  expression  may  be  most  relevant  in  pre-
dicting  physiological  stress  responses,  we  examined  these
components  separately.  For  each  emotion  we  assessed  three
separate  measures:  count  (how  many  distinct  times  the
expression  occurred);  total  duration  (how  many  frames  the
expression  occurred  in  total  over  the  entire  stress  test);  and
average  duration  (computed  by  the  total  duration  divided  by
the  count  to  determine  the  average  number  of  frames  that
the  expression  lasted  each  time  it  occurred).  In  addition,
emotion  expression  intensity  was  scored  on  a  5-point  scale
(1  representing  minimal  expression,  5  extreme).  Maximum
intensity  denoted  the  strongest  expression  of  either  anger
or  fear  throughout  the  stressor,  and  average  intensity  the
average  intensity  level  across  all  instances  of  that  emotion.
In  line  with  procedures  of  similar  studies,  a  second  coder
evaluated  25%  of  the  tapes  and  inter-rater  reliability  was
kappa  =  .83.

2.3.3.  Questionnaires
The  Positive  and  Negative  Affect  Schedule  (PANAS)  was  used
to  measure  the  participants’  emotional  state  before  and
after  TSST  (Watson  et  al.,  1988).  It  consists  of  10  items
assessing  positive  affect  (interested,  excited,  strong,  enthu-
siastic,  proud,  alert,  inspired,  determined,  attentive,  and
active)  and  10  items  assessing  negative  affect  (distressed,
upset,  guilty,  scared,  hostile,  irritable,  ashamed,  nervous,
jittery,  and  afraid).  Participants  are  asked  to  rate  items  on
a  scale  from  1  to  5,  based  on  the  strength  of  emotion  with
1  =  ‘‘very  slightly  or  not  at  all’’  and  5  =  ‘‘extremely’’.

The  PANAS  was  administered  5  min  before  the  TSST  as
well  as  immediately  afterward.  For  the  latter,  participants
were  instructed  to  answer  the  items  focusing  on  how  they
felt  during  the  stressor.  To  address  the  research  questions  of
the  current  study,  the  answers  to  items  ‘hostile’  and  ‘irrita-
ble’  were  averaged  as  a  measure  of  self-reported  levels  of
anger,  and  the  responses  to  the  items  ‘scared’  and  ‘afraid’
were  averaged  as  a  measure  of  self-reported  levels  of  fear.
This  method  of  assessment  is  in  line  with  suggested  proce-
dures  by  Watson  et  al.  (1988).

2.3.4.  Heart  rate
A  Polar  RS800  monitor  (Polar  Electro,  Finland)  allowing  beat-
to-beat  recording  was  used,  and  heart  rate  was  assessed  in

Kubios  (Tarvainen  et  al.,  2014).  Data  noise  due  to,  for  exam-
ple,  WiFi  signals,  was  reduced  and  heart  rate  measures  were
averaged  across  the  20  min  prior  to  the  TSST  (baseline)  and
across  1  min  intervals  throughout  the  TSST.  Maximum  heart
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ate  increase  in  beats  per  minute  (bpm)  was  then  computed
sing  the  difference  between  baseline  and  maximum  heart
ate  response  during  the  TSST  whenever  it  occurred.

.3.5.  Cortisol
ortisol  was  measured  in  saliva  samples  collected  using  the
alivette  collection  device  (Sarstedt,  Newton,  NC).  More
pecifically,  participants  were  asked  to  place  a  cotton  roll
nto  their  mouth  for  about  1  min,  move  it  from  side  to  side,
nd  then  put  the  roll  back  into  the  Salivette.  Saliva  sam-
les  were  stored  at  −20 ◦C  until  completion  of  the  study.
alivettes  were  then  centrifuged  and  concentrations  of  sali-
ary  free  cortisol  were  measured  using  a  commercially
vailable  chemiluminescence-immuno-assay  (IBL,  Toronto,
anada).  Intra-  and  inter-assay  precision  expressed  as  per-
ent  coefficient  of  variation  were  below  7%.  Cortisol  was
easured  in  nanomoles  per  liter  (nmol/l)  and  maximum

ncreases  were  computed  for  each  individual  by  subtracting
aximum  cortisol  levels  observed  after  TSST  from  pre-TSST

evels  (saliva  sample  1).

.4.  Statistical  analysis

.4.1.  Preliminary  analyses
epeated-measures  ANOVAs  were  computed  to  assess
hanges  in  heart  rate  and  cortisol  stress  responses  over
ime,  as  well  as  changes  in  self-report  from  pre-TSST  to
ost-TSST.  Independent  samples  T-tests  were  computed  to
ompare  differences  between  male  and  female  participants
ith  regard  to  heart  rate  response,  cortisol  response,  self-

eported  emotions,  and  anger  and  fear  expressions  during
he  TSST  (females  coded  as  0,  males  coded  as  1).  Pearson
orrelations  determined  associations  between  self-report
motion  change  scores  and  emotion  expression.

.4.2.  Testing  hypotheses
o  test  hypothesis  1,  regression  analyses  were  performed  to
etermine  if  self-report  of  anger  or  fear,  or  expressions  of
hese  emotions,  predicted  heart  rate  increases.  Maximum
eart  rate  increase  was  entered  as  the  outcome  variable.
ost  participants  self-reported  feeling  both  anger  and  fear

n  response  to  the  TSST,  and  facial  coding  analysis  suggested
hat  most  participants  expressed  both  anger  and  fear  dur-
ng  the  TSST.  We  therefore  included  both  emotions  in  our
odels  at  the  same  time  to  determine  the  effect  of  one

motion  over  and  above  the  effect  of  the  other.  A  self-
eport  change  score  was  computed  as  post-TSST  levels  of
nger  or  fear  minus  pre-TSST  (baseline)  measures.  To  assess
elf-reported  anger  effects  on  heart  rate,  self-report  of  fear
hange  as  well  as  BMI  were  entered  in  step  1,  followed  by
ender  in  step  two,  anger  change  in  step  3,  and  gender-by-
nger  change  interaction  term  in  step  4.  Fear  change  was
ssessed  similarly,  controlling  for  anger  change  in  step  1.

To  assess  effects  of  emotion  expression  responses  of
nger  on  heart  rate,  fear  expression  and  BMI  were  entered  in
tep  1,  and  gender  in  step  2.  Anger  expression  was  entered

n  step  3,  and  gender-by-anger  expression  interaction  in  step
.  To  assess  effects  of  fear  expressions,  similar  regressions
ere  run  controlling  for  anger  emotion  in  step  1.  Sepa-

ate  regressions  were  computed  for  each  FACS  measure,
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Fig.  1  Gender  differences  in  change  scores  (mean  and  standard  errors)  for  maximum  physiological  responses  (left);  gender
differences in  change  scores  on  self-report  emotion  measures  (right).
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ncluding  count,  total  duration,  average  duration,  maximum
ntensity,  and  average  intensity.

To  test  hypothesis  2,  regressions  similar  to  those
escribed  above  for  hypothesis  1  were  performed  for  self-
eported  emotion  response  measures  as  well  as  emotion
xpression  measures;  however,  for  hypothesis  2,  maximum
ortisol  increase  was  entered  as  the  dependent/outcome
ariable.

In  the  case  of  interaction  effects,  we  probed  these
ffects  using  simple  slopes  analysis  according  to  Holmbeck
2002).  Effect  sizes  were  computed  for  all  analyses,  and  par-
ial  �2 for  ANOVAs,  Cohen’s  d  for  independent  t-tests,  and  in
he  case  of  regressions,  R2 changes  for  the  final  model  are
iven.  For  all  analyses,  p-values  of  p  <  .05  were  considered
ignificant.

. Results

.1.  Preliminary  analyses

.1.1.  Physiological  stress  responses

.1.1.1.  Heart  rate.  Analysis  of  heart  rate  data  suggested
hat  the  TSST  was  successful  in  eliciting  a  significant
ympathetic  nervous  system  response  (F(14,  420)  =  13.60,

 <  .001,  partial  �2 =  .31)  in  both  female  and  male  par-
icipants  (gender  main  effect:  F(1,  30)  =  .1.17,  p  =  .29,
artial  �2 =  .04;  gender-by-time:  F(14,  420)  =  0.72,  p  =  .76,
artial  �2 =  .02).  Women  showed  average  peak  heart  rate
n  minute  6  of  the  TSST,  and  men  an  average  peak  in
inute  7  of  the  TSST.  Examining  maximum  heart  rate

ncreases  confirmed  comparable  increases  between  male
nd  female  participants  (t(30)  =  0.01,  p  =  .99,  d  =  .004;  see
ig.  1).
.1.1.2.  Cortisol.  Analysis  of  participants  with  full  cortisol
ata  (N  =  29)  revealed  a  significant  change  in  cortisol  levels
ver  the  course  of  the  experiment  (F(5,  135)  =  3.37,  p  =  .042,

artial  �2 =  .11).  Though  there  was  no  main  effect  of  gender
F(1,  27)  =  0.36,  p  =  .55,  partial  �2 =  .01),  we  found  a  trend
or  a  gender-by-time  interaction  effect  (F(5,  135)  =  2.65,

 =  .081,  partial  �2 =  .09).  Men  tended  to  show  peak  cortisol

c
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evels  earlier  than  females,  with  men  peaking  on  aver-
ge  at  time  3  (10  min  post-TSST),  and  women  at  time  4
30  min  post-TSST).  When  examining  individual  maximum
ortisol  increases,  we  found  no  significant  gender  differ-
nces  (t(30)  =  −1.17,  p  =  .25,  d  =  .41;  see  Fig.  1).

A  Pearson  correlation  revealed  that  maximum  heart  rate
ncreases  and  maximum  cortisol  increases  were  not  associ-
ted  (r(32)  =  .24,  p  =  .18;  controlling  for  gender:  r(29)  =  .25,

 = .18).

.1.2.  Emotion  stress  responses

.1.2.1.  Self-reported  emotions.  Descriptives  for  self-
eport  data  are  shown  in  Table  1.  For  self-reported  anger,
epeated  measures  ANOVA  revealed  a  main  effect  of  time
F(1,  30)  =  7.06,  p  =  .013,  partial  �2 =  .19)  as  well  as  a  main
ffect  of  gender,  with  women  self-reporting  more  anger
han  men  (F(1,  30)  =  4.18,  p  =  .05,  partial  �2 =  .12).  We  also
ound  a  trend  for  a gender-by-time  interaction  effect  (F(1,
0)  =  3.97,  p  =  .055,  partial  �2 =  .12)  in  that  females  tended
o  report  greater  increases  in  anger  than  men.  For  self-
eported  fear,  no  significant  main  effect  of  time  (F(1,
0)  =  0.16,  p  =  .69,  partial  �2 =  .005),  nor  a  gender-by-time
nteraction  effect  (F(1,  30)  =  1.34,  p  =  .26,  partial  �2 =  .04)
as  observed.  We  did  find  a  significant  main  effect  of  gender

or  females  to  report  more  fear  than  men  (F(1,  30)  =  4.20,
 = .049,  partial  �2 =  .12).
.1.2.2.  Emotion  expression.  Of  32  participants,  12  (8
emales)  showed  anger  but  no  fear,  3  (0  females)  showed
ear  but  no  anger,  and  17  (10  females)  showed  both.
ndependent  t-tests  revealed  a  trend  for  females  to  show

 higher  anger  count  than  males  (t(30)  =  2.00,  p  =  .055,
 = .74).  No  significant  gender  differences  were  observed  in
ny  other  measure  of  anger  or  fear  expression  (all  p  >  .19,
ll  d  <  .49).

No measure  of  anger  expression  predicted  change  in  self-
eported  anger  in  response  to  the  TSST  (all  p  >  .23,  all  r  <  .22;

ontrolling  for  gender,  all  p  >  .55,  all  r  <  .12).  The  same  was
rue  for  fear  expression  predicting  change  in  self-reported
ear  (all  p  > .45,  all  r  <  .14;  controlling  for  gender,  all  p  >  .47,
ll  r  <  .14).
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Table  1  Descriptives  of  emotion  and  stress  measures  for  men  and  women.

Men  M  (SD) Women  M  (SD)  t  Value

Physiological  data
Max  heart  rate  increase  (bpm)  23.99  (13.64)  24.04  (8.08)  0.01
Max cortisol  increase  (nmol/l)  8.68  (9.90)  4.66  (9.51)  −1.17
Body mass  index  (BMI)  22.58  (2.41)  22.57  (3.56)  −0.01

Self-reported  emotions
Pre-TSST  anger  1.07  (0.18)  1.14  (0.33)  0.68
Post-TSST anger 1.14  (0.23)  1.64  (0.82)  2.44*
Pre-TSST fear 1.29  (0.51) 1.50  (0.69)  0.98
Post-TSST fear 1.18  (0.32) 1.72  (0.88) 2.43*

Emotion expression  (FACS)
Anger  count  4.36  (3.20)  7.94  (6.08)  2.00-
Anger total  duration  180.57  (162.31)  277.17  (229.77)  1.33
Anger average  duration  33.58  (30.20)  34.13  (17.47)  0.07
Anger maximum  intensity  3.36  (1.91)  3.67  (1.28)  0.55
Anger average  intensity  2.78  (1.57)  2.89  (0.97)  0.25
Fear count  2.36  (3.32)  2.72  (5.30)  0.23
Fear total  duration  104.93  (133.36)  122.89  (253.48)  0.24
Fear average  duration  35.20  (44.36)  21.73  (24.36)  −1.10
Fear maximum  intensity  2.14  (1.99)  2.06  (1.98)  −0.12
Fear average  intensity  1.83  (1.65)  1.93  (1.86)  0.15

ith a

w
f
a
T
ˇ

p

c
(
t
R

3
s

Note: Significant effects are marked with an asterisk and trends w

3.2.  Do  emotions  differentially  predict  heart  rate
stress responses?

3.2.1.  Self-reported  emotions  and  heart  rate  stress
responses
Regression  analysis  revealed  that  stress-induced  changes  in
self-reported  anger  did  not  appear  to  be  associated  with
increases  in  heart  rate  (all  p  >  .63,  all  R2 <  .02).  Similarly,
changes  in  self-reported  fear  were  not  associated  with  max-
imum  heart  rate  increases  (all  p  >  .82,  all  R2 <  .003;  see
Table  2).

3.2.2.  Emotion  expressions  and  heart  rate  stress
responses
Examining  facial  expressions  of  anger  or  fear  shown

during  stress  exposure,  we  found  a  trend  for  a  gender-
by-expression  interaction  for  number  of  anger  incidences
(anger  count;  ˇ  =  0.46,  p  =  .066,  R2 =  .12;  see  Table  3,
Fig.  2A).  More  specifically,  for  women,  anger  expression
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Table  2  Regression  analyses  predicting  heart  rate  and  cortisol  

models for  self-reported  emotions,  anger  (A:  left  half  of  table)  and

A  Heart  rate  Cortisol  

beta  p  beta  p  

Fear  change  −0.02  .92  −0.36  .09-  

BMI 0.06  .77  −0.14  .46  

Gender −0.05  .85  0.31  .18  

Anger change  0.09  .70  0.27  .23  

Gender-by-anger  change  −0.12  .63  0.14  .54  

Note: Significant effects are marked with an asterisk and trends with a
 dash.

as  not  associated  with  heart  rate  stress  responses,  while
or  men  showing  more  anger  during  the  TSST  was  marginally
ssociated  with  a  greater  heart  rate  increase  during  the
SST  (simple  slopes  analysis:  females:  B  =  −0.19,  SEB  =  0.46,

 =  −0.10,  p  =  .67;  males:  B  =  1.90,  SEB  =  0.96,  ˇ  =  0.96,
 =  .057).

Number  of  incidences  of  fear  (fear  count)  was  not  asso-
iated  with  heart  rate  stress  responses  for  either  gender
ˇ  =  −0.17,  p  = .42,  R2 =  .002,  see  Table  4),  nor  were  any  of
he  other  emotion  expression  indices  (anger:  all  p  >  .27,  all
2 <  .13;  fear:  all  p  >  .37,  all  R2 <  .06).

.3.  Do  emotions  differentially  predict  cortisol
tress responses?
.3.1.  Self-reported  emotions  and  cortisol  stress
esponses
ext,  we  assessed  the  associations  between  self-reported
motion  responses  to  stress  and  cortisol  stress  responses.

stress  responses.  Shown  are  betas  and  p-values  of  the  final
 fear  (B:  right  half  of  table).

B  Heart  rate  Cortisol

beta  p  beta  p

Anger  change  0.04  .87  0.21  .28
BMI  0.06  .78  −0.15  .40
Gender  0.00  .99  0.11  .55
Fear  change  0.03  .92  −0.21  .31
Gender-by-fear  change  −0.05  .82  −0.41  .04*

 dash.
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Table  3  Regression  analyses  for  anger  predicting  heart  rate  stress  responses  (top  part  of  table)  and  cortisol  stress  responses
(lower part).  Shown  are  statistics  of  the  final  models  for  each  of  the  assessed  emotion  expression  indices.

Count  Total  duration  Avg.  duration  Max  intensity  Avg.  intensity

beta  p  beta  p  beta  p  beta  p  beta  p

Heart  rate  increases
Fear  −0.16  .43  −0.14  .50  0.17  .41  −0.18  .34  −0.16  .42
BMI −0.14  .95  0.04  .84  0.12  .54  −0.02  .94  0.004  .98
Gender 0.16  .44  0.01  .99  −0.04  .85  0.02  .92  −0.001  .99
Anger −0.10  .68  −0.10  .68  −0.20  .59  −0.08  .80  −0.07  .84
Gender-by-anger  0.46  .066-  0.14  .59  0.01  .98  0.36  .28  0.28  .41

Cortisol increases:
Fear  −0.05 .80 −0.03 .86  −0.01  .96  −0.30  .09−  −0.30  .10
BMI −0.21  .30  −0.29  .13  −0.16  .39  −0.16  .36  −0.15  .40
Gender 0.38  .06−  0.33  .06−  0.21  .23  0.25  .16  0.21  .23
Anger −0.15  .49  −0.22  .29  −0.15  .65  0.04  .88  0.06  .84
Gender-by-anger  0.52  .033*  0.67  .004*  0.57  .081-  0.38  .20  0.30  .40
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Note: Significant effects are marked with an asterisk and trends w

hese  analyses  revealed  a  gender-by-fear  interaction  effect
ˇ  =  0.41,  p  =  .04,  R2 =  .12;  see  Fig.  3),  such  that  change  in
elf-reported  fear  and  cortisol  responses  were  not  associ-
ted  in  females  (B  =  −2.54,  SEB  =  2.43,  ˇ  =  −.21,  p  =  .31),
hile  for  men,  increases  in  fear  predicted  attenuated  cor-

isol  stress  responses  (B  =  −15.64,  SEB  =  5.51,  ˇ  =  −1.29,
 =  .009).  Anger  change  scores  were  not  associated  with  cor-
isol  stress  responses  (ˇ  =  0.27,  p  =  .23,  R2 =  .01).

.3.2.  Emotion  expressions  and  cortisol  stress  responses
nother  set  of  regressions  was  performed  to  examine

hether  emotion  expressions  shown  during  stress  expo-

ure  would  predict  cortisol  stress  responses  (anger:  see
able  3;  fear:  see  Table  4).  No  measure  of  fear  expression
as  associated  with  cortisol  stress  responses  (all  p  >  .28,  all

S
t
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s

ig.  2  Anger  expressions  shown  throughout  the  TSST  predicted  h
or male  participants  only.
 dash.

2 < .05).  We  found  a  significant  gender-by-anger  interac-
ion  for  anger  count  (ˇ  =  0.51,  p  =  .033,  R2 =  .15)  and  total
uration  (ˇ  =  0.67  p  =  .004,  R2 =  .26,  see  Fig.  2B).  This  same
elationship  appeared  as  a  trend  for  anger  average  duration
ˇ  =  0.57,  p  =  .08,  R2 =  .10).  Simple  slopes  analysis  revealed
hat,  for  females,  anger  count  was  not  associated  with
ortisol  increases  (B  =  −0.28,  SEB  =  0.41,  ˇ  =  −0.15,  p  =  .49),
hile  for  males,  more  anger  predicted  stronger  cortisol

tress  responses  (B  =  1.90,  SEB  =  0.85,  ˇ  =  1.03,  p =  .034).
he  same  pattern  held  for  anger  total  duration  (women:

 =  −0.01,  SEB  =  0.01,  ˇ  =  −0.22,  p  =  .29;  men:  B =  0.05,
EB  =  0.02,  ˇ  =  1.06,  p  =  .004)  as  well  as  anger  average  dura-

ion  (women:  B  =  −0.06,  SEB  =  0.13,  ˇ  =  −0.15,  p  =  .65;  men:

 =  0.22,  SEB  =  0.09,  ˇ  =  0.55,  p  =  .02).  Anger  average  inten-
ity  was  not  associated  with  cortisol  responses  (ˇ  =  0.06,

eart  rate  stress  responses  (A)  and  cortisol  stress  responses  (B)
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Table  4  Regression  analyses  for  fear  predicting  heart  rate  stress  responses  (top  part  of  table)  and  cortisol  stress  responses
(lower part).  Shown  are  statistics  of  the  final  models  for  each  of  the  assessed  emotion  expression  indices.

Count  Total  duration  Avg.  duration  Max  intensity  Avg.  intensity

beta  p  beta  p  beta  p  beta  p  beta  p

Heart  rate  increases
Anger  0.13  .56  −0.03  .88  −0.14  .47  0.18  .36  0.14  .50
BMI 0.13  .54  0.09  .65  0.12  .55  0.04  .84  0.03  .87
Gender 0.03  .88  −0.01  .95  −0.02  .91  0.02  .92  0.001  .99
Fear −0.14  .57  −0.17  .48  −0.22  .56  −0.22  .39  −0.19  .46
Gender-by-fear  −0.06  .80  0.06  .79  0.45  .22  0.11  .67  0.09  .71

Cortisol increases
Anger  0.11 .60 0.17  .38  0.36  .07-  0.36  .049*  0.33  .08-
BMI −0.06  .78  −0.09  .64  −0.18  .34  −0.11  .54  −0.13  .47
Gender 0.24  .25  0.24  .22  0.24  .21  0.25  .16  0.21  .23
Fear 0.04  .86  0.09  .70  −0.25  .48  −0.15  .53  −0.17  .46
Gender-by-fear  −0.20  .37  −0.23  .29  0.21  .56  −0.18  .44  −0.17  .45
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Note: Significant effects are marked with an asterisk and trends w

p  =  .84,  R2 =  .03),  nor  was  anger  maximum  intensity  (ˇ  =  0.04,
p  =  .88,  R2 =  .05).

3.3.3.  Exploratory/secondary  analyses
Closer  inspection  of  self-report  data  revealed  little  vari-
ation  in  both  pre-and  post-TSST  anger  and  fear,  as  well
as  a  negative  skew.  In  a  follow-up  analysis  we  therefore
considered  self-report  of  emotion  as  a  categorical  variable
rather  than  continuous  variable.  Change  in  fear  (post-TSST
minus  pre-TSST  baseline)  was  categorized  as  a  decrease  in
fear  (N  =  7),  no  change  (N  =  19),  or  increase  in  fear  (N  =  6);
anger  was  categorized  as  a  decrease/no  change  (N  =  22),
or  increase  (N  =  10).  We  ran  an  ANOVA  with  maximum  heart
rate  response  as  the  dependent  variable  while  controlling
for  BMI.  Controlling  for  anger,  we  found  no  significant

effect  of  fear  for  either  gender;  likewise,  controlling  for
fear,  there  was  no  significant  effect  of  anger  on  heart  rate
stress  responses  (all  p  >  .94,  all  partial  �2 <  .07).  A  similar

Fig.  3  Change  in  self-reported  fear  predicted  cortisol
decreases  for  male  participants  only.
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NOVA  was  computed  using  maximum  cortisol  increase
s  the  dependent  variable.  Anger  did  not  predict  cortisol
ncreases  (F(1,  26)  p  =  .32,  partial  �2 =  .82).  Similarly  to  our
egression  analyses,  we  did  find  that  fear  predicted  cortisol
ncrease  in  a  gender-dependent  manner,  such  that  for
en,  increases  in  fear  predicted  attenuated  cortisol  stress

esponses  (gender-by-fear  interaction:  F(1,  24)  =  3.54,
 =  .045,  partial  �2 =  .23).  These  analyses  thus  confirm  the
ndings  of  the  regression  analyses  reported  earlier.

We  took  a similar  approach  with  regards  to  facial  coding
ariables,  categorizing  anger  counts  and  durations  using  a
edian  split  into  high  (N  =  16)  and  low  (N  =  16)  occurrence

nd  duration  of  anger  expression  responses,  and  fear  count
nto  no  occurrence  (N  =  14)  versus  occurrence  (N  =  18),  and
o  duration  (N  =  14)  versus  any  duration  (N  =  18).  Similar  to
he  regression  analyses  findings,  fear  expression  responses
id  not  predict  heart  rate  increases  (all  p  >  .45,  all  par-
ial  �2 <  .79),  while  anger  expressions  predicted  heart  rate
n  a  gender-dependent  manner,  such  that  men  with  more
ncidences  of  anger  also  had  higher  heart  rate  increases
gender-by-anger  occurrence  interaction:  (F(1,  26)  =  6.84,

 =  .015,  partial  �2 =  .21).  Anger  duration  did  not  predict
eart  rate  increases  (p  =  .64,  partial  �2 =  .53).  This  analysis
lso  confirms  the  findings  from  our  original  regressions.

With  regard  to  cortisol  stress  responses,  occurrence  of
ear  did  not  predict  strength  of  cortisol  stress  responses
F(1,  26)  =  2.78,  p  =  .41,  partial  �2 =  .80)  nor  did  duration
F(1,  26)  =  3.36,  p  =  .34,  partial  �2 =  .79).  Anger  total  dura-
ion  predicted  cortisol  responses  in  a  gender-dependent
anner,  such  that  men  who  showed  longer  anger  durations

howed  exaggerated  cortisol  stress  responses  (gender-by-
nger  interaction:  F(1,  26)  =  6.25,  p  =  .019,  �2 =  .19).  Anger
ount  was  not  associated  with  cortisol  responses  (F(1,
6)  =  0.50,  p  =  .63,  partial  �2 = .39).
.  Discussion

rior  research  has  examined  links  between  self-reported
motions  and  stress,  particularly  with  regards  to
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2  

ympathetic  nervous  system  markers.  We  aimed  at
xtending  this  research  to  HPA  activity  as  measured  by
trength  of  cortisol  stress  responses.  Further,  in  addition
o  self-report,  the  current  study  included  facial  coding
or  a  more  comprehensive  assessment  of  emotion  stress
esponses.  Self-report  of  emotion  and  facial  expression
ere  not  themselves  related,  and  we  found  differential

inks  for  each.  For  males,  emotion  expression  of  anger
as  associated  with  stronger  heart  rate  and  cortisol  stress

esponses.  Also  for  men,  change  in  self-reported  fear  was
inked  to  blunted  cortisol  stress  responses.  For  women,
espite  reporting  more  fear  and  anger  than  men,  as  well
s  showing  similar  amounts  of  fear  and  anger  expression,
either  emotion  assessment  method  was  associated  with
hysiological  measures  of  acute  stress.

To  date,  the  relationship  between  emotions  elicited  by
cute  psychosocial  stress  and  the  accompanying  physiolog-
cal  stress  response  is  poorly  understood,  in  part  because
xisting  research  typically  relies  on  retrospective  self-report
o  assess  emotion  responses.  The  current  study  is  the
rst  to  combine  self-report  of  emotions  with  facial  cod-

ng  of  emotion  expressions,  an  approach  which  allows  us  to
xamine  emotions  retrospectively  as  well  as  while  emotion
xpressions  occur.  We  were  among  others  interested  in  how
trongly  the  two  measures  would  be  related;  however,  we
id  not  find  significant  relationships  between  self-reported
nger  and  fear  and  emotion  expressions  shown  during  stress
xposure.  This  finding  is  in  line  with  earlier  research  showing
hat  although  participants  may  believe  they  are  reporting
heir  emotions  very  accurately,  they  are  not  very  good
udges  of  their  own  emotional  experience  (Cronbach,  1970;
erakshan  and  Eysenck,  1999).  Because  the  questionnaires
re  retrospective,  participants  may  also  not  fully  remember
egative  emotions  felt  in  a  moment  of  stress,  particu-
arly  if  the  participant  has  a  repressive  coping  style  (Myers
nd  Brewin,  1995).  Apart  from  these  unconscious  factors,
articipants  may  also  deliberately  underreport  their  emo-
ions,  especially  negative  emotions  like  anger  and  fear,  in
n  attempt  to  appear  more  socially  desirable  (Paulhus  and
ohn,  1998).  Lastly,  facial  coding  may  simply  capture  a
ifferent  component  of  emotion  —  that  of  less  processed
motion  experience  in  the  moment  of  stress  —  while  retro-
pective  self-report  may  reflect  the  perception  of  emotion
fter  cognitive  processing  and  self-reflection  have  occurred
Crockett  et  al.,  1987).  As  such,  our  findings  support  the
otion  of  considering  emotions  ‘on-line’  in  the  moment  of
tress  in  parallel  to  retrospective  emotion  assessment  in  the
orm  of  self-report  questionnaires.

When  examining  the  relationship  between  emotion  stress
esponses  and  heart  rate  stress  responses,  we  did  not
nd  that  self-reported  anger  or  fear  predicted  heart  rate

ncreases.  Links  between  self-reported  anger  and  heart  rate
ncreases  have  previously  been  reported  in  the  literature,
lthough  these  studies  prompted  participants  to  perform
acial  movements  associated  with  emotions  (Ekman  et  al.,
983),  or  to  imagine  themselves  in  anger-  or  fear-inducing
ituations  (Labouvie-Vief  et  al.,  2003;  Ray  et  al.,  2008).
hese  studies  find  significant  increases  in  self-reported

nger  and  fear,  likely  because  the  tasks  they  employ  are
esigned  to  induce  those  specific  emotions  in  participants.
he  TSST  itself  is  not  designed  to  elicit  any  emotion  specifi-
ally,  but  rather  assumes  the  participants  will  respond  with
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he  emotions  they  typically  feel  in  stressful  contexts.  Many
f  our  participants  did  not  report  changes  in  anger  or  fear
ue  to  the  TSST,  and  stressors  which  are  not  considered
motionally  significant  are  less  likely  to  elicit  cortisol  stress
esponses  (Nejtek,  2002).  It  may  also  be  that  in  a  novel,
ocial-evaluative  situation  such  as  the  TSST,  participants
re  more  likely  to  feel  self-conscious  emotions  (such  as
hame)  than  anger  or  fear.  Links  between  anger  and  fear
nd  SNS  measures  may  thus  be  more  easily  seen  using  tasks
hich  elicit  strong  feelings  of  anger  or  fear,  such  as  emo-

ion  induction  techniques.  It  should  also  be  noted  that  our
tudy  utilized  the  PANAS,  a  questionnaire  with  which  some
rior  studies  have  found  a  lack  of  variability  (for  example,
iecolt-Glaser  et  al.,  2010).  Further,  our  analysis  utilized
nly  four  items  from  this  multi-item  questionnaire  (two  for
nger  and  two  for  fear),  which  could  limit  our  statistical
ower  and  mask  potential  associations.  Future  studies  with
ore  detailed  self-report  assessment  measures  may  there-

ore  reveal  links  between  anger  and  fear  and  SNS  measures.
With  regards  to  facial  coding  and  heart  rate,  we  found

hat  men  who  showed  more  incidences  of  anger  during  stress
xposure  tended  to  have  higher  heart  rate  increases,  a
ink  between  emotions  and  the  SNS  that  was  not  captured
y  our  self-report  data.  This  marginally-significant  finding
ith  a  modest  effect  size  should  be  interpreted  carefully,
ut  suggests  that  it  was  not  as  important  for  how  long

 participant  was  angry,  but  rather  how  many  times  he
ecame  angry.  Since  anger  is  thought  to  activate  the  ‘fight
r  flight’  response,  displaying  anger  repeatedly  may  result
n  repeated  and  exaggerated  heart  rate  responses  for  men.

We  also  found  that  anger  was  not  associated  with  heart
ate  increases  for  female  participants.  At  least  one  previous
tudy  has  found  that  anger  and  fear  conditions  predicted
xaggerated  heart  rate  responses  in  females  when  com-
ared  to  males  (Labouvie-Vief  et  al.,  2003).  The  authors
uggest  that  females  in  the  study  may  be  inhibiting  negative
motions,  leading  to  exaggerated  cardiovascular  responses.
articipants  in  this  particular  study  were  prompted  to  recall
utobiographical  memories  pertaining  to  specific  emotions,
nd  therefore  would  be  made  aware  of  (and  perhaps  be  more
ikely  to  suppress)  negative  emotions  including  anger  and
ear.  In  the  case  of  the  TSST,  which  was  utilized  in  the  cur-
ent  study,  no  specific  emotion  is  elicited.  The  participant
ay  therefore  experience  a  wide  range  of  emotions  and  may
e  less  likely  to  suppress  specific  emotions.  Indeed,  there
as  no  evidence  in  our  study  that  women  were  suppress-

ng  negative  emotions  more  than  men,  as  women  tended  to
elf-report  more  anger  than  males  and  showed  comparable
evels  of  anger  expressions  as  measured  through  FACS.  Addi-
ionally,  our  finding  that  males  and  females  did  not  differ
ith  regards  to  strength  of  heart  rate  increases  mirror  other

tudies  which  utilize  the  TSST  (Kelly  et  al.,  2008).  Overall,
hese  findings  suggest  that  responding  to  psychosocial  stress
ith  more  incidences  of  anger,  independent  of  their  length
r  intensity,  may  have  negative  health  consequences  for  men
ue  to  stronger  heart  rate  surges.

Interestingly,  we  did  not  find  any  associations  between
eart  rate  stress  responses  and  fear  responses,  neither  for

elf-reported  fear  nor  for  fear  expressions.  Though  some
motion  induction  research  has  suggested  that  anger  and
ear  predict  similar  SNS  profiles,  other  studies  which  ask
articipants  to  evoke  specific  emotions  have  found  weaker
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this  approach  may  be  promising  in  future  studies  with
larger  sample  sizes.  It  should  also  be  noted  that  our  mea-
sures  of  maximum  physiological  responses  (peak-baseline)
Anger  responses  to  psychosocial  stress  predict  heart  rate  an

associations  between  fear  and  cardiovascular  measures
(Prkachin  et  al.,  1999;  Roberts  and  Weerts,  1982;  Schwartz
et  al.,  1981).  Our  results  mirror  this  finding  and  extend  it
to  emotion  expression  as  measured  through  FACS.  The  dif-
ferential  SNS  links  we  find  for  anger  and  fear  may  reflect
the  different  cardiovascular  needs  to  ‘‘fight’’  versus  ‘‘flee’’
in  potentially  threatening  situations  (Levenson,  1992).  It
should  be  noted  that  fear  was  also  not  as  predominant  a
response  as  anger,  reducing  the  likelihood  to  find  a  strong
effect  of  fear  on  heart  rate  stress  responses.  Further,  the
current  study  examined  the  most  often  used  measure  of
SNS  activity,  i.e.,  heart  rate,  and  links  with  emotions  vary
depending  on  which  SNS  measure  is  used.  Nevertheless,  our
findings  speak  to  anger  playing  the  predominant  role  in  driv-
ing  heart  rate  stress  responses,  particularly  for  men.

When  examining  the  same  relationships  for  cortisol  stress
responses  we  found  that,  for  men,  increases  in  fear  pre-
dicted  attenuated  cortisol  stress  responses.  This  finding
replicates  prior  research  in  which  self-reported  fear  pre-
dicted  decreases  in  cortisol  stress  responses  (Moons  et  al.,
2010).  While  the  study  by  Moons  did  not  note  any  gender  dif-
ferences,  we  found  that  self-report  of  anger  and  fear  were
not  predictive  of  cortisol  stress  responses  in  women.  It  is
unclear  if  this  reflects  a  true  gender  difference,  since  some
studies  do  not  find  that  stress-induced  changes  in  anxiety  are
linked  to  cortisol  stress  responses  in  either  gender  (Cohen
et  al.,  2000).  It  has  been  suggested  that  instead  of  ‘fight
or  flight’,  women  assume  a  stronger  tendency  to  a  ‘tend
and  befriend’  response  geared  toward  attachment  and  main-
taining  social  relationships  (Taylor  et  al.,  2000).  Therefore,
emotions  associated  with  a  loss  of  ego  or  a  threatening  of  the
social  self,  such  as  shame,  embarrassment,  or  pride  may  be
more  predictive  of  a  stress  response  in  females  (Dickerson
and  Kemeny,  2004).  Links  between  shame  and  HPA  activity
are  currently  being  studied,  and  could  explain  the  gender-
differential  findings  in  the  current  study.

No  associations  were  found  between  facial  expressions  of
fear  and  cortisol  stress  responses.  However,  for  men,  show-
ing  more  anger  was  associated  with  exaggerated  cortisol
stress  responses,  and  this  was  true  with  regards  to  several
anger  measures.  This  finding  mirrors  similar  studies  which
examine  males  exclusively,  and  find  that  participants  who
showed  more  outward  anger  showed  the  highest  levels  of
HPA  activation  during  a  stressor  (al’Absi  et  al.,  2000),  as  well
as  a  study  in  which  high-hostility  men  who  were  harassed
during  a  stressor  showed  the  highest  cortisol  levels  (Suarez
et  al.,  1998).  Our  study  extends  our  knowledge  on  the  role
of  emotions  for  physiological  stress  responses  by  showing
that  the  same  associations  are  not  present  in  females.  As
such,  and  similarly  for  heart  rate  responses  discussed  above,
these  associations  emphasize  the  importance  of  understand-
ing  predictors  of  anger  stress  responses  in  men  to  determine
promising  gender-specific  health  interventions.

Besides  determining  predictors  of  physiological  stress
responses,  another  important  question  concerns  potential
gender-dependent  mediators  between  anger  and  physiolog-
ical  stress  responses,  i.e.,  the  question  why  anger  expression
drives  a  stress  response  (heart  rate  and  cortisol)  for  males,

but  not  for  females.  One  explanation  may  be  that  females
may  be  more  emotionally  expressive  than  men  (Kring  and
Gordon,  1998)  and  that  expressing  rather  than  suppressing
emotions  may  help  in  coping  with  stress.  We  considered  this

d

rtisol  stress  responses  in  men  but  not  women  93

ossibility  by  analyzing  the  presence  of  ‘masked  anger’,  or
n  anger  expression  occurring  with  the  presence  of  a  fake
mile  (AU12)1. We  found  no  gender  differences  in  masked
nger  counts  or  total  durations,  consistent  with  prior  stud-
es  in  which  men  and  women  report  inhibiting  anger  at
qual  rates  (Deffenbaucher  et  al.,  1996).  Further,  no  gen-
er  differences  were  found  when  adding  masked  expressions
o  pure  anger  expressions,  nor  when  considering  micro-
xpressions,  defined  in  this  case  as  expressions  shorter  than

 second  in  duration.  Together,  these  findings  do  not  sup-
ort  the  hypothesis  that  men  mask  emotions  more  than
omen,  and  so  would  not  contribute  to  the  observed  exag-
erated  stress  responses  in  the  context  of  anger.  We  also
irectly  considered  emotion  regulation  strategy  use  (sup-
ression  and  reappraisal),  based  on  studies  indicating  that
hile  suppression  of  emotions  may  limit  facial  expressions,

t  may  not  affect  degree  of  physiological  responses.  Indeed,
ome  research  suggests  that  suppression  may  be  linked  to
ncreased  cortisol  reactivity  in  response  to  a  psychosocial
tressor  (Lam  et  al.,  2009).  Though  only  a  subset  of  our  sam-
le  completed  the  Emotion  Regulation  Questionnaire  (ERQ;
ross  and  John,  2003),  males  did  not  appear  to  differ  from

emales  in  degree  of  emotion  suppression  or  reappraisal2.
hese  are  only  two  of  a  host  of  emotion  regulation  strate-
ies  and  more  studies  are  needed  to  determine  how  these
trategies  may  play  into  the  emotion-stress  link.

Taken  as  a  whole,  our  study  findings  suggest  the  impor-
ance  of  assessing  emotions  via  multiple  means,  as  we
ound  different  emotion-stress  links  with  self-report  and
acial  coding.  Our  self-report  results  showed  that  men  who
eported  more  fear  showed  blunted  cortisol  responses,  a
nding  seen  in  previous  literature.  No  other  associations
ere  found  with  regards  to  self-report  and  physiologi-
al  stress  responses,  perhaps  unsurprising  considering  the
ethodological  difficulties  inherent  in  retrospective  self-

eport.  Our  facial  coding  data  revealed  that,  for  men,
howing  more  anger  during  the  stressor  was  linked  to
xaggerated  heart  rate  and  cortisol  stress  responses.  The
ddition  of  facial  coding  thus  revealed  a  robust  association
hat  could  have  important  downstream  health  effects  for
en  who  respond  to  stress  with  anger.  Since  we  did  not
nd  significant  emotion-stress  links  among  females,  more
esearch  is  needed  to  determine  which  emotions  (if  any)  may
e  most  relevant  with  regards  to  SNS  and  HPA  reactivity  in
he  context  of  stress.

It  should  be  noted  that  the  current  study  has  several
imitations.  Our  relatively  small  sample  was  composed
ostly  of  college  students,  making  it  difficult  to  generalize

ur  findings  to  the  general  population.  Additionally,  our
ndings  should  be  considered  in  light  of  largely  marginal
ffect  sizes,  particularly  with  regards  to  self-report  of
motion.  Interestingly,  though  we  lost  considerable  power
n  our  exploratory  analyses  using  emotion  as  a  categorical
ariable,  comparatively  larger  effect  sizes  suggest  that
1 Gender differences in masked anger indices: all p > .12; gender
ifferences in masked fear indices: all p > .06.
2 Gender differences in ERQ subscales: all p > 16.
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4  

ay  obscure  time-related  differences  in  peak  responding
etween  men  and  women.  For  instance,  we  found  that
emale  participants  showed  peak  cortisol  levels  later  than
ale  participants.  It  is  unclear  if  these  gender  differences

re  task-related  (i.e.  females  responding  more  strongly  to
he  math  task,  the  second  part  of  the  TSST)  or  somehow
elated  to  gender  differences  in  emotional  responding.
hough  this  point  is  beyond  the  scope  of  the  current  paper,
uture  research  should  determine  whether  these  differences
n  time  of  peak  physiological  responding  may  be  related
o  our  experimental  procedure  and,  further,  whether  they
ffect  the  emotion-stress  link.  Lastly,  although  we  did
xclude  females  using  oral  contraceptives,  we  were  not
ble  to  control  for  stage  of  menstrual  cycle.

In  summary,  the  current  study  aimed  at  determining  the
elationship  between  emotion  and  HPA  activation  during
tress  utilizing  both  self-report  questionnaires  as  well  as
acial  coding  to  assess  emotions.  Interestingly,  self-reported
motion  responses  and  emotion  expression  responses  did  not
hemselves  correlate,  and  each  method  of  assessing  emo-
ions  predicted  different  associations:  self-report  revealed
ttenuated  cortisol  responses  in  men  who  reported  fear,
hile  FACS  analysis  revealed  that  men  high  in  anger  showed

he  strongest  stress  responses,  both  with  regards  to  heart
ate  increases  and  cortisol  increases.  Facial  coding  analysis
hus  revealed  potentially  health-relevant  associations  that
ere  not  seen  with  self-report  alone.  Since  wear  and  tear
n  stress  systems  is  associated  with  a  wide  range  of  nega-
ive  health  outcomes,  determining  emotions  as  predictors  of
iological  stress  responses  is  of  great  importance.  A  better
nderstanding  of  the  emotion-stress  link  may  lead  to  the
evelopment  of  behavioral  interventions  targeting  health-
romoting  ways  of  responding  emotionally  to  stress.  Our
ndings  further  emphasize  the  importance  of  considering
or  whom  such  interventions  may  be  particularly  successful.
pecifically,  for  men,  managing  anger  in  times  of  stress  may
erve  to  curb  stress  responses  and  improve  overall  health.
ore  research  is  needed  to  determine  if  different  emotions
rive  a  similar  response  in  females.
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