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Abstract : To simulate the effects of acute psychological stress, the effects
o f  s t r e s s fu l  compute r  game  in  young  adu l t  sub jec t s  were  a s sessed  by
var ious  phys io log ica l ,  p sycho log ica l  and  b iochemica l  pa ramete r s .  The
results showed a significant increase in the physiological and psychological
markers of stress.  I t  is  concluded from these results  that  computer game
can be used as an acute laboratory psychological stressor for future studies
on physiological  effects of stress.
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INTRODUCTION

Environment  provides  man wi th  cer ta in
internal contradictions and demands,  which,
as long as their intensity and frequency are
within the normal limits of human tolerance,
can  s t imula te  h i s  mot iva t ion  and  enhance
his  p roduc t iv i ty .  Because  each  of  us  i s
shaped  by  our  own exper ience  and  our
unique genet ic  make up,  we are  inherent ly
different in how we respond to stress.  “We
don’ t  walk  in to  t rauma the  same way and
we don’t walk out of trauma the same way...”.

S t ress ,  accord ing  to  the  hea l th  exper t s
wil l  cause more heal th  problems than ever
before,  as  i t  i s  character ized by change in
the set  point  of Hypothalamo pituitary axis
ac t iv i ty  l ead ing  to  s t imula t ion  of  the
au tonomic  nervous  sys tem resu l t ing  in
immedia te  ef fec ts  on  the  hear t  ra te ,  b lood

pressure ,  t empera ture ,  resp i ra tory  ra te  and
the plasma catecholamine levels,  as well  as
delayed effects by release of corticosteroids.
S t ressors  cou ld  be  phys ica l  condi t ions
such  as  hea t  o r  co ld ,  a i lments  such  as
infect ion  or  inf lammat ion,  exerc ise  e tc .  or
psycholog ica l  ( s t ress fu l  psycholog ica l
env i ronments  such  as  work ing  condi t ions
and  abus ive  re la t ionsh ips ,  pe r formance
s t resses  such  as  publ ic  speak ing ,  menta l
ar i thmet ic  e tc . ) .

The changes produced by physical stress
such as effects of sub maximal and maximal
exerc i se  on  the  var ious  phys io log ica l
parameters  are  well  s tudied but  the impact
of  the  var ious  psycholog ica l  s t ressors  on
human physiology are not studied in detail .
The stressor commonly used in laboratories
to  e l ic i t  a  psychological  s t ress  response is
the  Tr ie r  Soc ia l  S t ress  Tes t  (TSST) .  Wi th
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an  increas ing  in te res t  and  need  to  s tudy
stress physiology we need to look for more
ways to give laboratory stress to the subjects
with valid replication of the same in our day-
to-day life.

In the same way that ‘you are what you
eat '  recent  research suggests  that  also 'you
are  what  you do and watch’ .  As  computer
games have increased in populari ty,  reports
of  p layers  exper iencing s t ress ,  fa t igue and
even  game-re la ted  se izure  ac t iv i ty  have
occasionally appeared (1,  2).  While playing
under  the  condi t ions  o f  t ime  def ic i t s  an
increase  o f  emot iona l  s t ress  i s  seen  in
ch i ld ren ,  accompanied  by  worsen ing  of
p lay ing  ac t iv i ty  parameters  (3 ) .  Given
how the  bra in  works  i t  i s  log ica l - and
increas ing ly  p roven - tha t  i f  you  sub jec t
yourself  to  miserable ,  negat ive experiences
portrayed on television and computer games,
then you feel unhappy or even depressed as
a  resul t .  They produce  s t ress ,  anxie ty  and
actually adversely affect a person’s physical
and  menta l  hea l th .

Significantly higher cort isol  levels after
playing the video game have been reported
(4) .  Excess ive  computer  and  v ideo  game
playing  among chi ldren  i s  now a lso  be ing
cr i t i ca l ly  d i scussed  f rom a  pedagogic  and
public health point of view. A study by Erb
et al (5) used computer game as stressor, to
examine  the  in f luence  of  s t ress  on
in t raocu la r  p ressure  in  hea l thy  15  non-
smoking subjects, who were exposed to both
b icyc le  e rgomet ry  phys ica l  s t ress  and  a
computer-game psychological  s t ress .  I t  was
demonstrated that mental stress in the form
of  computer  game could  lead  to  a  r i se  in
i n t r a o c u l a r - p r e s s u r e .

Thus  s tud ies  showing  the  e f fec t  o f
computer  game p lay ing  on  the  s t ress
response of the body and the possibil i ty of
us ing  computer  game,  as  a  s t ressor  fo r
s tudying  s t ress  phys io logy  need  to  be
explored .

The  phys io log ica l  parameters  used  to
assess  the  l eve l s  o f  s t ress  in  the
exper imenta l  s t ress  t es t s  a re  the
card iovascu la r  responses  ( rang ing  f rom
changes  in  hear t  ra te  to  changes  in
autonomic tone) ,  muscular  ac t iv i ty  (EMG),
Galvanic Skin Response (skin conductivi ty)
and Cortisol levels (6).

The  presen t  s tudy  a ims  a t  s tudying
the  e f fec t s  o f  computer  game in  young
adul t  sub jec t s  on  the i r  l eve l s  o f  s t ress
by  assessment  o f  var ious  phys io log ica l
(Hear t  Ra te ,  QTC/QS2,  EMG and  GSR) ,
psycholog ica l  (acu te  s t ress  ques t ionna i re )
and  b iochemica l  (cor t i so l  es t imat ion)
p a r a m e t e r s .

MATERIALS AND METHODS

S u b j e c t s

The study was conducted on 43 subjects
(39 Males/4 Females); selected on voluntary
basis from the staff and students of AIIMS
(18–30 years).  Informed written consent for
par t i c ipa t ing  in  the  s tudy  was  taken  f rom
them.  The subjects  repor ted to  be  in  good
hea l th  and  were  no t  on  any  medica t ion ,
which  might  a f fec t  the  var iab les  under
s tudy .  In  o rder  to  min imize  the  poss ib le
confounding factors, the subjects were asked
to  abs ta in  f rom smoking ,  a lcohol  and
caffeine containing beverages and to  avoid
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heavy  phys ica l  o r  menta l  work  f rom the
evening  before  the  exper imenta l  sess ion .
Eth ica l  c lea rance  fo r  the  s tudy  was  taken
f rom the  e th ics  commit tee  o f  Al l  Ind ia
Insti tute of Medical  Sciences.

P r o c e d u r e

Each  sub jec t  a t t ended  ind iv idua l ly  an
introductory session before entering into the
s tudy  in  which  they  were  acquain ted  wi th
the  l abora tory  se t t ing  and  the  record ing
procedure to be used. Then they were asked
to play computer  games and the game that
gave them a subjective feeling of maximum
st ress  was  chosen  as  a  s t ressor  fo r  tha t
subjec t  as  a l so  conf i rmed by  s imul taneous
recording of  GSR and heart  rate.

Every  sub jec t  was  s tud ied  in  the
exper imenta l  sess ion  in  the  a f te rnoon ,  fo r
about  1  hour .  The  sub jec t  was  sea ted
comfortably,  electrodes for  measurement  of
ECG, EMG, and GSR were placed, they were
asked to fill the stress rating scales and first
b lood  sample  was  taken .  The  subjec t  then
played the computer  game chosen for  them
in the introductory session and the following
recordings were done.

Phys io log ica l  S t ress  Parameters  (ECG,
EMG and GSR) : These recordings were done
us ing  Biopac  S tudent  Lab  PRO® Sof tware
vers ion  3 .6 .7  and  MP30 Hardware  f rom
BIOPAC Sys tems ,  Inc .  which  has  inbui l t
sys tem for  a l l  the  p rocesses  involved  in
record ing  f rom s igna l  acquis i t ion  to  da ta
d i sp lay .

ECG (0 .5–35  Hz)  was  cont inuous ly
measured using Lead-2, sample rate at  200/
sec ,  ga in  X 2000 .  The  hear t  ra te  was

ca lcu la ted  f rom the  R-waves  us ing  mean
value of beats per min for artifact free 300
sec graph for each stage of recording.

Phonocardiography (20–100 Hz) was done
at  sampling rate  200/sec and gain X 2000.
This was done along with ECG to measure
QTc/QS2 ratio.  The bell  of  the stethoscope
was placed on the  precordium and kept  in
p lace  wi th  the  he lp  o f  a  s t rap  t i ed  round
ches t .  I t  was  ensured  tha t  the  s t rap  was
neither too tight to suffocate the subject or
too loose to cause movement ar t i fact .

QTC/QS2 is the ratio of electrical systole
to  the  to ta l  e lec t romechanica l  sys to le  tha t
has  been  used  as  an  index  of  sympathe t ic
discharge to the heart (7). QTc is corrected
QT,  cor rec t ion  app l ied  to  ensure  tha t  the
changes in QT are inherent  and not due to
changes in heart rate or R-R interval of ECG
and measured  f rom the  beg inn ing  of
vent r icu la r  depolar iza t ion  (beginning  of  Q
wave) up to the end of  repolarizat ion (end
of T wave). QS2 is measured from Q wave to
second  hear t  sound .  Both  the  QT and  the
QS2 in te rva l s  were  de te rmined  f rom ten
cardiac cycles (8).

EMG (30–500 Hz) was recorded from the
tempora l i s  and  the  masse te r  musc les ,  a t
sampl ing  ra te  200  Hz ,  ga in  X 2500 .  The
basal electrical activity or the tone of EMG
increases with sympathetic activity or stress.
The electrodes used were disposable Ag-AgCI
surface electrodes with 10 mm contact area.
The muscles were identified on palpation by
making  sub jec t  con t rac t  these  musc les  by
clenching his teeth. The electrode for ground
was placed on the skin overlying the spine
of  C7  ver tebra .  The  raw da ta  was  f i r s t
rec t i f ied  and then in tegra ted .



370 Sharma  et   al Indian J Physiol  Pharmacol 2006; 50(4)

GSR (0–35 Hz) Galvanic Skin Response
is a relatively reliable index for a person’s
in te rna l  “s ta te” .  I t  r e f lec t s  swea t  g land
ac t iv i ty  and  changes  in  the  sympathe t ic
nervous  sys tem.  The  ac t iv i ty  of  the  sweat
g lands  in  response  to  sympathet ic  nervous
s t imula t ion  ( increased  sympathe t ic
ac t iva t ion)  inc reases  resu l t ing  in  an
increased  conduc tance ,  which  can  be
recorded  and  measured .  Two Ag/AgCI
e lec t rodes  were  t i ed  round  the  index  and
middle finger of left  hand. Absolute values
of  GSR at  each point  in  t ime through out
the experiment were recorded and the change
under various states i .e.  pre and post stress
was calculated.

Biochemica l  s tress  parameters

5-ml  b lood  sample  was  drawn in  the
beginn ing  and  the  end  of  the  sess ion  for
cor t isol  assays  in  20 subjects .  Plasma was
immediately separated from the whole blood
by centrifugation and stored at  –20°C unti l
the  b iochemica l  assays  were  per formed.
Cor t i so l  was  de te rmined  us ing  commerc ia l
ELISA kits  (DRG International  Inc. ,  USA).
The  in te r  assay  and  the  in t ra  assay
coefficients of variation were below 5.4% and
2.8% respectively.

Psycholog ica l  s tress  parameters

Acute  s t ress  ques t ionnai re  was  used  to
assess the mental  and emotional  s tress  (9) .
It has 20 items to be scored from 1 to 5 and
ind ica tes  how you  fee l  in  the  p resen t
si tuat ion.  The minimum score possible  was
20 and the maximum was 100.

S t r e s s o r

Computer  game :  The  s t ressor  used  in
th i s  s tudy  was  e i ther  a  computer  game or
an  a r i thmet ic  ca lcu la t ion .  The  computer
games  used  were  e i ther  “Te t r i s”  in  which
the subject  was required to  bui ld complete
rows of  b locks  us ing the  d i f ferent  shapes ,
sizes and orientation of sets of those blocks
presented on the  computer  screen,  or  f rom
software called “Blackhawk Striker Launch”
in  which  a  f igh te r  he l icop te r  has  to  f igh t
enemy aircraf ts  in  a i r  and enemy tanks on
land. The game becomes very stressful when
too  many  she l l s  and  enemies  wi th  l i t t l e
space to move surround the helicopter.  The
other  game “Sta rsh ip  Eleven”  has  a
spaceship ,  which  has  to  be  moved aga ins t
many hurdles. The navigation of the ship is
a  work  of  p rec i s ion  and  fa i lu re  caus ing
repeated crashes gives a lot of stress to the
p l a y e r .

Ar i thmet ic  ca lcu la t ion :  The  a r i thmet ic
ca lcu la t ion  g iven  was  based  on  sequent ia l
subt rac t ion  of  a  f ixed  d ig i t  f rom a  h igher
order  d ig i t  ve rba l ly .  The  sub jec t s  were
required to subtract a fixed digit e.g. 7 from
100 and thus go backwards towards 1/0. The
subjec t  was  fu r ther  pu t  under  s t ress  by
point ing  out  mis takes  in  the i r  ca lcula t ions
and made to  repeat  the  same again .

Stat i s t i ca l  Analys i s

The  leve l  o f  s t ress  as  measured  by
var ious  phys io log ica l  and  b iochemica l
parameters  were assessed using two ta i led,
pa i red  t  t e s t .  The  va lue  of  P<0 .05  was
considered s ignif icant .
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R E S U L T S

The age of subjects, number of years of
educa t ion  and  handedness  d id  no t  d i f fe r
significantly.  Results of the variables using
the  pa i red  t  t e s t  r evea led  a  s ign i f ican t
change  in  the  two s ta tes  ( i . e .  pos t  s t ress
versus pre stress).  Summaries of the results
of  the  p resen t  s tudy  a re  p resen ted  in
Table  I.

The mean GSR pre stress was 1.80 ± 1.40
µ mho and post stress was 2.63 ± 2.02 µ mho,
wi th  a  s ign i f ican t  inc rease  wi th  s t ress
(P<0.001).

Mean  Hear t  ra te  p re  s t ress  was
81.51 ± 10.57 and increase to post stress was
84 .68 ± 11 .14 ,  which  was  s ign i f ican t
(P<0.001).  Thus a 4% increase in the heart

TABLE I : Mean pre and post stress values of various
s t ress  pa ramete r s .

Pre-s tress Pos t -s t ress

GSR (µ mho) 1 .80± 1 .40 2 .63±2.02***
EMG (mV-sec) 3 .02± 1 .06 4 .11±2.77*
HR (bea t s /min) 81 .51± 10 .57 84 .68± 11.14***
QT C/QS2 1 .07± . 0 9 1 .16± .07***
AcQ 25 .70± 7 .01 28 .40± 8.04***
CORT (ng/ml) 152 .9± 49 .25 130 .05± 41.28*

***P<0.001,  *P<0.01
G S R : Galvan ic  Sk in  Response

E M G : Elec t romyograph ic  ac t iv i ty
H R : Hear t  Ra te

AcQ : Acute  S t ress  Ques t ionna i re  scores
C O R T : Cotisol  levels

ra te  was  seen  wi th  computer  game as  a
s t ressor .  There  was  a  s ign i f ican t  inc rease
(P<0.001)  in  the  QT C/QS2 va lue  i . e .  the
sympathetic tone in these subjects increased
af ter  p laying the  computer  game.

N a m e Age D a t e

Stress  Ques t ionnaire

This quest ionnaire is  purely a s imple indicator  of  the amount of  s tress that  you are currently experiencing
within your part icular  l i festyle.  I t  is  not  a  subst i tute  for  seeking professional  medical  advice or  diagnosis .
To determine your level of stress, just select one answer for each question. To make the feedback meaningful,
t ry  and  answer  a l l  the  ques t ions  as  hones t ly  as  poss ib le .

1 ----------------------------- 2 ----------------------------- 3 ----------------------------- 4 ----------------------------- 5
a lmos t  never r a r e l y s o m e t i m e s qui te  o f ten mus t  o f  the  t imes

1 2 3 4 5

1 . Do you get  on well  with your co-workers ?
2 . Do you let  others  know how you are feel ing ?
3 . Do you suffer  wi th  cons t ipa t ion  or  d iar rhea ?
4 . Do you get  jealous of  others ?
5 . How often do you catch colds ?
6 . Do you crave sweet  th ings  to  eat ?
7 . How of ten do you suffer  wi th  headaches ?
8 . When you have been i l l  does i t  take you long t ime to get  over i t ?
9 . Are you quick to  anger ?
1 0 . Do you fee l  tha t  you are  under  too much pressure ?
1 1 . Do you feel  refreshed at  the beginning of  the day ?
1 2 . How often do you feel lonely ?
1 3 . Do you drink alcohol ?
1 4 . Does  your  hear t  pound ?
1 5 . Do you suffer  with diff iculty in sleeping ?
1 6 . When confl ic t  ar ises  do you overreact ?
1 7 . Do you have diff icul ty  in  concentrat ing ?
1 8 . Do you have al lergy f lare  ups ?
1 9 . Do you sweet  excessively ?
2 0 . Are  you happy ?
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EMG was  done  in  35  sub jec t s  and  a
significant increase was seen (P<0.01) from
3.02 ± 1.06  mV-sec  to  4 .11 ± 2.77  mV-sec .
The rest of the data from eight subjects was
d iscarded  due  to  poor  record ing  or
in t e r f e r ence .

The  cor t i so l  l eve l s  were  es t imated  in
20 subjects. A significant decrease (P<0.01)
was  seen  in  cor t i so l  l eve l s  f rom pre
s t ress  152 .9 ± 49 .25  ng /ml  to  pos t  s t ress
130.05 ± 41.28 ng/ml.

Mean  scores  on  the  Acute  S t ress
Ques t ionna i res  before  s t ress  was
25.70 ± 7.01 whereas  the  scores  post  s t ress
was  28 .40 ± 8.04 ,  which  was  s ign i f ican t ly
higher  (P<0.001)  and  cor re la ted  pos i t ive ly
wi th  the  changes  in  the  phys io logica l  and
biochemica l  parameters .

D I S C U S S I O N

The pr imary  f ind ing  of  th i s  s tudy  was
that  computer games are not  just  a  passive
p leasure  ac t iv i ty  bu t  assoc ia ted  wi th  a
def in i te  s t ress  response  as  shown by  the
increased  phys io log ica l  s t ress  paramete rs .
The  increased  mean  scores  on  the  s t ress
ques t ionna i re  a l so  suppor t  the  use  o f
computer games as a psychological  stressor
in  the  labora tory  se t t ing .

Forty-one out of the forty three subjects
in this study showed computer game related
s ign i f ican t  inc rease  in  the  var ious  s t ress
paramete rs ,  tha t  a re  cons i s ten t  wi th
prev ious  repor t s  o f  s t ress  induced
impairments  in  the young adul t  age group.
I t  has  been shown that  the  energy cost  of
the  game approximates  mi ld- in tens i ty
exercise (10,  11).  Changes in HR (12) and
GSR (3)  in  young  hea l thy  adu l t s  in

laboratory setting as previously seen are also
repl icated in our  s tudy.

An increase in the sympathetic discharge
us ing  computer ized  a r i thmet ic  and  Atar i
games as stressors indicated by increase in
the  gas t ro in tes t ina l  t r ans i t  t ime  and
glycemic control has been shown (13). In our
s tudy  a  s ign i f ican t  inc rease  in  the
sympathe t ic  d i scharge  i . e .  the  QT C/QS2
values is  seen.

In  our  s tudy  the  l eve l s  o f  cor t i so l ,
cont rary  to  previous  repor ts ,  have  reduced
in  response  to  the  s t ressor .  The  s t ress
response  occurs  in  two s tages :  a  shor t
l a tency  component ,  the  f igh t  o r  f l igh t
response, with stimulation of the autonomic
nervous  sys tem resu l t ing  in  immedia te
e f fec t s  on  the  hear t  ra te ,  b lood  pressure ,
t empera ture ,  resp i ra to ry  ra te  and  the
plasma catecholamine levels (14,  15) and a
s lower  ac t ing  response  by  re lease  o f
cort icosteroids.  Cort isol  has a  much longer
la tency  of  re lease  than  norep inephr ine
(minutes  ins tead  of  seconds) ,  and  i t  t akes
hours  fo r  the  adap t ive  e f fec t s  to  emerge .
Peak  cor t i so l  l eve l s  a re  a t t a ined  10–15
minutes after the disturbance of homeostasis
and the levels remain elevated for 30–90 min
as  a  func t ion  of  the  na ture  o f  s t ress  and
coping ability of the individual (16, 17).

Plasma catecholamines have been shown
to  be  e leva ted  by  acu te  s t ressors  such  as
hypotension,  hypoxia etc.  by increasing the
d ischarge  of  Locus  Coeru leus ,  the  main
source of norepinephrine afferents to the rest
of the brain. Such changes in the firing rates
of  LC occur  wi th in  seconds  of  the
adminis t ra t ion  of  s t ress  (18 ,  19 ,  20) .  The
degree of  increase ref lects  the intensi ty  of
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the stressful  st imuli  (21,  22).  On the other
hand ,  ac t iva t ion  of  the  HPA ax is ,  v ia
increased  CRF in  the  hypotha lamus  leads
to increased ACTH from anter ior  pi tui tary,
which  hence  t r iggers  the  g lucocor t i co id
secre t ion  f rom the  adrena l  cor tex .  The
Cor t i so l  hence  re leased ,  b inds  wi th  i t s
receptors i.e. GR and MR receptors to bring
about its effects (23).

Even  though  these  sys tems  a re  s tud ied
in isolation, interactions between the two are
wel l  known to  ex i s t ,  dur ing  s t ress  the
adrenal medulla is exposed to high levels of
cor t i cos te ro ids  l ead ing  to  inc reased
conversion of norepinephrine to epinephrine,
converse ly ,  the  monoamines  regu la te  the
HPA axis in the brain by activation of PVN
of hypothalamus and thus increased release
of  CRF (24) .  Hence  whi le  norep inephr ine
activity is immediately increased in response
to  th rea ten ing  s t imul i ,  cor t i so l  modula tes
the  long- te rm neurona l  changes  assoc ia ted
wi th  s t ress .

These  complex  in te r re la t ionsh ips
be tween  the  two sys tems  revea l  the
sub t le t i es  o f  the  s t ress  response .  Also ,  in
both the systems the level  of  the available
monoamines  in f luence  the  response  such
that more the available monoamines, greater
the  s t ress  response .

The decreased levels of serum cortisol in
our  s tudy  pos t  s t ress  were  a l so  seen  in  a
previous study by Skosnik et al in 2000 (25),
by using computer game play for 15 min as
a stressor. These results indicate that either
the  s t ressor  was  mi ld  to  only  produce  the
sympathe t ic  ac t iva t ion  or  the  l a tency  of
cortisol release was too long to be observed.
Further  a lso the individual  coping abi l i t ies

may be responsible for an early reversal of
the stress reactivity of the body though other
physiological  changes due to the act ivat ion
of the sympatheto-medullary axis  continued
to be present  during this  per iod.

Therefore,  i t  seems worthwhile to study
each of the possibilities by probably a more
frequent  b lood sampl ing and es t imat ion  of
levels  of  norepinephrine dur ing the  tes t ing
procedure  in  the  fu ture  inves t iga t ions .

Computer  games did not  produce s t ress
in  two sub jec t s  p robably  because  these
subjects  were too used to these games and
were using preformed s t ra tegies  during the
play. In these subjects increased stress levels
were obtained using ar i thmetic  calculat ion.
However ,  i t  would  be  wor thwhi le  to  use
d i f fe ren t  type  of  computer  games  to  see
i f  changing  the  p r inc ip le  s t ra tegy  used  in
the game leads to increase in the levels of
s t r e s s .

Today we need to answer the quest ions
pertaining to the stressful effects of all  the
modern iza t ion  and  increased  in f luence  of
technologies in our l i fe .  Time and again i t
has been demonstrated that the age-old ways
of life were much more healthy. Finally, the
study clearly demonstrates the activation of
a stress response in these subjects and thus,
this can be used as a psychological stressor
in the laboratory setting. The changes in the
various physiological  parameters  have been
high ly  cons i s ten t  and  a l so  cor re la ted  by
psychological  assessment .
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