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Abstrac t  :  Psycho log ica l  s t r e s s  i s  a  r i sk  f ac to r  fo r  hyper t ens ion  and
coronary  a r t e ry  d i sease .  The  purpose  o f  th i s  s tudy  was  to  a s sess  the
impact of real life stressor, that of stress among first year medical students
on cardiac autonomic regulation. Stress levels in 36 non-smoking, healthy
f i r s t  yea r  med ica l  s tuden t s  o f  e i the r  gender  were  assessed  on  a  se l f -
ra t ing  sca le .  Card iac  au tonomic  regu la t ion  was  t e s t ed  us ing  bo th
convent ional  tes ts  and spectra l  analysis  of  hear t  ra te  var iabi l i ty  (HRV).
Nine subjects who obtained scores on the stress scale in the upper quartile
were  c l a s s i f i ed  as  the  “ s t r e s s”  g roup  and  the  re s t  cons t i tu ted  the  “no
stress”  group (n=27) .  There  were no s ignif icant  dif ferences  between the
two groups on any of the conventional tests of autonomic nervous activity.
The  low f requency  power  in  normal ized  un i t s  and  low f requency  h igh
frequency ratio of heart rate variability in supine posture was significantly
higher in the “stress” group compared to the “no stress” group. The low
frequency power in normalized units was significantly positively correlated
with total stress score. The changes were suggestive of a tilt in the resting
card iac  au tonomic  ba lance  towards  increased  sympathe t ic  ac t iv i ty .
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INTRODUCTION

Several studies both from the West (1-3)
and from Asia (4) have reported that medical
t ra ining is  h ighly  s t ressful  par t icular ly  for
those  who a re  beg inn ing  the i r  medica l
educa t ion .  I t  i s  l ike ly  tha t  the  sources  o f

s t ress  a re  common across  cu l tu res  (5 ) .
S tudies  have  shown l inks  be tween chronic
l i fe  s t ress  and  card iovascu la r  d i sease  (6 ) .
Psycholog ica l  s t ress  i s  a  r i sk  fac tor  fo r
hypertension (7) and coronary artery disease
(CAD) (6) .  The physiological  underpinning
of  th i s  l ink  may  involve  excess ive
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sympathet ic  nervous  sys tem act ivat ion  (6) .
I t  has  been  sugges ted  tha t  power  spec t ra l
ana lys i s  o f  HRV might  o f fe r  c lues  to  the
links between psychosocial  r isk factors and
cardiovascular morbidity/ disease (8). Power
spec t ra l  ana lys i s  o f  HRV revea l s  th ree
spec t ra l  components :  the  very  low (<0 .04
Hz), low (0.04–0.15 Hz) and high frequency
components (0.15-0.4 Hz) (9). High frequency
power is largely a function of parasympathetic
ac t iv i ty  to  the  hear t  whi le  low f requency
component  normal ized  for  to ta l  power
i s  used  as  a  represen ta t ive  index  of
sympathet ic  act ivi ty  to  the heart  (9) .

The  e f fec t  o f  s t ress  on  au tonomic
nervous  funct ion  has  most  commonly been
s tud ied  under  l abora tory  condi t ions  us ing
s tandard ized  menta l  s t ress  as  the  t es t
s t ressor  (10–13) .  These  da ta ,  however ,
cannot be extrapolated to real life situations
(7) .  F ind ings  f rom a  recen t  s tudy  tha t
examined the effects  of  a real  l i fe stressor
(univers i ty  examinat ion)  on  card iovascular
indices using spectral analysis of HRV in 30
healthy medical students were suggestive of
cardiac sympathet ic  act ivat ion (7) .

The aim of the present investigation was
to test the impact of real life stressors among
f i r s t  year  medica l  s tuden ts  on  ind ices  o f
res t ing  card iac  autonomic  regula t ion  us ing
spectra l  analysis  of  HRV and convent ional
au tonomic  tes t s .

M E T H O D S

Thi r ty  s ix  non-smoking ,  hea l thy ,  f i r s t
year  medica l  s tuden ts  o f  e i ther  gender
(male=19)  were  rec ru i ted  in to  the  s tudy
af te r  ob ta in ing  wr i t t en  in formed consen t
to  a  p ro toco l  tha t  was  approved  by  the

ins t i tu t iona l  e th ics  rev iew board .  These
students had already spent about six months
in the medical school. A self-rating scale was
used to assess levels of stress. The items in
the  sca le  were  se lec ted  f rom a  l i t e ra tu re
rev iew of  s t ress  ques t ionna i re  used  wi th
medical students (14, 15). The questionnaire
had  20  ques t ions  wi th  f ive  anchor  po in t s
rang ing  f rom no  s t ress  (Score=0)  to
ex t remely  s t ress fu l  (Score=4) .  The  i t ems
re la ted  to  s t ress  assoc ia ted  wi th  academic
demands ,  peer  p ressure ,  l ack  of  t ime
for  persona l  needs  and  in te rpersona l
re la t ionships  including those with  teaching
and  admin is t ra t ive  s ta f f .  The  sca le  a l so
inc luded  i t ems  genera l ly  repor ted  by
subjec t s  in  response  to  s t ress  such  as
inab i l i ty  to  s leep  wel l ,  wor ry ing ,  fee l ing
tense and unhappy to name a few. The total
score  ob ta ined  on  th i s  ques t ionna i re  was
used  in  fur ther  ana lys is .

Tes t  and  re tes t  re l i ab i l i ty  o f  the  sca le
was  determined by adminis ter ing the  scale
to  30 undergraduate  medical  s tudents ,  who
were not participating in the present study,
a  month  apar t .  The  tes t -  re tes t  re l i ab i l i ty
for the total score on the stress scale using
Pearson’s  cor re la t ion  coef f ic ien t  was  0 .72
significant at  P<.001 and for the individual
i tems i t  ranged f rom 0.42 (P<.02)  to  0 .74
(P<.001).  We also examined the validity of
the stress scale by comparing the total scores
ob ta ined  on  the  s t ress  sca le  aga ins t  the
Genera l  Hea l th  Ques t ionna i re  28  i t em
version (GHQ-28), which is a well-validated
measure  of  psychologica l  d i s t ress  and  has
been widely used in India (16). A score of 5
or  above  on  GHQ-28  iden t i f i es  p robable
‘cases ’  tha t  i s ,  sub jec t s  wi th  s ign i f ican t
psychological distress. The 30 undergraduate
medica l  s tuden ts  were  d iv ided  in to  two
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groups  (case  vs .  non-case)  based  on  the i r
GHQ scores and compared on the total scores
on the stress scale.  The mean stress scores
a t  base l ine  (32 .3±10)  and  a  month  la te r
(31±11) was significantly different  between
the  two groups  (Base l ine  t = 2 .49 ,  d f = 28 ,
p = .01; Month later t = 3.68, df = 28, p = .001).
Thus ,  the  s t ress  sca le  deve loped  for
the  s tudy  had  adequa te  re l i ab i l i ty  and
va l id i ty .

Study  o f  autonomic  regulat ion

Subjec t s  were  s tud ied  in  the  morn ing
after an overnight fast.  After completion of
the  s t ress  ques t ionna i re  the  day  before
the  t es t ing ,  hear t  r a te  responses  to  the
var ious  maneuvers  were  measured  a f te r  a
manda tory  30-minute  res t  per iod .  ECG
was  recorded  cont inuous ly ,  immedia te ly
fol lowing each maneuver  and subsequent ly
until  the heart  rate had returned to normal.
The  subsequent  t es t  was  per formed on ly
af te r  the  hear t  r a te  had  re tu rned  to  the
resting level. Details of the various tests are
as follows :

Cough :  Subjec t s  were  asked  to  cough
maximal ly  once ,  which  was  repea ted  a
second  t ime  a f te r  the  hear t  ra te  had
returned to  basal  values .  The increment  in
heart  rate was used as an index of vagally
media ted  wi thdrawal  to  the  hear t .

Deep breathing : The subjects were asked
to  brea the  maximal ly  a t  s ix  b rea ths  per
minute .  The  maximum-minimum hear t  ra te
dur ing  each  10  s  b rea th ing  cyc le  was
measured and the highest  difference during
six successive breathing cycles was used in
the  ana lys i s .

Maximum hand  gr ip :  The  immedia te
heart rate response to a single maximal hand
grip (Smedley’s Dynamometer, TTM, Tokyo)
sus ta ined  to  a  count  o f  th ree  was
determined.  The tes t  was  performed twice .
The  tes t  i s  a  measure  o f  parasympathe t ic
func t ion .

Hear t  ra te  response  to  s tand ing :  The
30:15  ra t io  was  ca lcu la ted  as  the  ra t io  of
the longest RR interval around the 30th beat
after standing up, to the shortest RR interval
a round the  15th  bea t  dur ing  s tanding .

Valsa lva  maneuver :  The  sub jec t  was
requi red  to  mainta in  a  pressure  of  40  mm
Hg for 10 s after deep inspiration and after
application of a nose clip. Valsalva ratio was
ca lcu la ted  as  the  ra t io  o f  the  longes t  RR
interval within 20 beats of the maneuver, to
the  shor tes t  RR in te rva l  dur ing  the
m a n e u v e r .

Spectra l  ana lys i s  o f  heart  ra te  var iab i l i ty

Details regarding ECG signal acquisition
and  power  spec t ra l  ana lys i s  o f  hear t  ra te
t ime  se r ies  have  been  descr ibed  in  our
previous reports (26,  27).  Briefly,  the ECG
was recorded continuously for a period of 10
minutes  wi th  sub jec t s ,  sup ine  and  res t ing
and for  10  minutes  a f te r  subjec ts  ac t ive ly
stood up. ECG signal was amplified through
the  AC-6016 module  of  the  Nihon-Kohdon
RM 6000 polygraph system (Nihon Kohdon,
Tokyo, Japan) and a signal manifold, which
digitized the signal using a CIO-AD Jr A/D
card. The data were digitized online at 1000
Hz us ing  an  IBM compat ib le  PC and  the
digit ized signal was subjected to a spectral
ana lys i s  a f te r  ver i fy ing  the  waveform
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purpose  of  the  ana lys i s  the  sub jec t s  were
divided in to  two groups :  “s t ress”  and “no
s t ress”  g roup .  Those  sub jec t s  ob ta in ing
scores  on  the  s t ress  sca les  in  the  upper
quartile were classified as the “stress” group
(n=9) and the rest constituted the “no stress”
group (n=27). While traditionally, behavioral
var iab les  a re  t rea ted  as  con t inuous
dimensions on which individuals vary, other
have  a rgued  tha t  i t  i s  use fu l  to  s tudy
subjects as qualitatively different categories,
as characteristics of a group defined in this
manner tend to be more stable and has been
par t icu la r ly  seen  in  exper iments  involv ing
physiological responses to stress (28, 29). An
independent ‘t’ test was used to compare the
var ious  au tonomic  tes t s  and  measures  o f
HRV between the  “s t ress”  and “no s t ress”
group.  The nul l  hypothesis  was rejected at
P<0.05.  We also examined the re la t ionship
between the total  s tress  scores and various
au tonomic  func t ions  by  us ing  Pearson’s
correlat ion coefficient .

R E S U L T S

Table  I  dep ic t s  the  demographic
characteristics of the sample. The two groups
were  comparab le  in  the  base l ine
demographic characteristics (Table I).  Males
and  females  were  equa l ly  d i s t r ibu ted
be tween  the  two groups  wi th  males
const i tut ing 56 % in the high s t ress  group
and 55% in the low stress group.  36 students
who participated in the study did not differ
f rom the  res t  o f  the  c lass  in  academic
per formance  in  the  un ivers i ty  examina t ion
or  in  gender  d i s t r ibu t ion .  The  compos i te
stress score was normally distributed among
the  sample  as  de te rmined  by  Kolmogorov
Smirnov  tes t  (p=0 .90)  wi th  the  scores
ranging from 0 to 65.  Forty percent of the

charac te r i s t i cs  us ing  a  spec i f ic  sof tware
(CVM, World Precision Instruments Office,
Sarasota ,  FL,  USA).  Data  segments  of  128
sec duration were sampled at 2 Hz to create
256-poin t  da tase t s .  For  the  dura t ion  of
record ing ,  da ta  se t s  o f  256  po in t s
cons t i tu t ing  one  segment ,  over lapp ing  by
hal f  were  processed .  The  l inear  t rend  was
removed  f rom each  da ta  se t  to  avo id  i t s
con t r ibu t ion  to  low-  f requency  power .  A
Hanning  window in  the  t ime  domain  was
used to attenuate ‘spectral leakage’. Spectral
analysis  was performed using a direct  Fast
Fourier Transform. The frequency resolution
was  0 .0078  Hz  and  the  h ighes t  f requency
evaluated was 0.4 Hz. The spectra obtained
for the different data sets were averaged to
reduce  var iance .  Power  was  ca lcu la ted  in
three  bands ,  namely ,  very  low f requency
(VLF) ,  low f requency  (LF)  and  h igh
f requency  power  (HF) .  The  0 .04–0 .15  Hz
band is referred to as the LF power and the
0.15–0.4 Hz band is  referred to as  the HF
power. LF and HF power were also expressed
in  normal ized  un i t s ,  which  represen t  the
relat ive value of  each power component  in
proportion to the total power minus the VLF
component (15).  We calculated the rat io of
LF and HF power in normalized units  as a
re f lec t ion  of  sympathovaga l  ac t iv i ty .
Subjects  underwent  a l l  the  autonomic tes ts
on the same day and the order of the tests
were  kep t  cons tan t  fo r  a l l  the  sub jec t s
throughout the study.  Female subjects  were
s tud ied  on  the  5 th  o r  the  6 th  day  of  the
mens t rua l  per iod .

Stat i s t i ca l  ana lys i s

Data  a re  p resen ted  as  mean±s tandard
devia t ion  (SD) .  Data  were  ana lyzed  us ing
SPSS for  Windows (vers ion 10.1) .  For  the
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respondents found the academic demands of
the course as moderately stressful and 21%
ext remely  s t ress fu l .  Respondents  a l so
reported that  inabil i ty to f ind t ime to meet
one’s  personal  commitments  (such as  extra
cur r icu la r  ac t iv i t i es  o r  a t t end ing  to  the
needs of a close relative) was stressful (16%).
Less frequently reported were symptoms of
overt psychological distress such as lack of
s leep  (3%) ,  fee l ing  depressed  (5%)  and
inability to get along with others (5%). Group
I (n=9) const i tuted the “stress” group with
scores on the stress scale being in the upper
quar t i l e ,  whi le  the  g roup  I I  (n=27;  “no
stress”) constituted the lower three quartiles
on the composite stress score.

There  were  no  s ign i f ican t  d i f fe rences
be tween  the  two groups  on  any  of  the
conventional tests of the autonomic nervous
activity (Table II). In contrast, the LF power
in normalized units and LF/HF ratio of heart
ra te  var iab i l i ty  in  sup ine  pos ture  was
significantly higher in the “stress” group as
opposed to the “no stress” group (Table III).
Pos tura l  change  in  the  fo rm of  ac t ive
standing did not  result  in signif icant  inter-
group  d i f fe rences  in  any  of  the  spec t ra l
measures  o f  the  hear t  ra te  var iab i l i ty .  On

TABLE I : Sub jec t  cha rac te r i s t i c s .

Variables High stress group Low stress group
(n=9) (n=27)

Age (yr) 19.1± 0.9 20.2± 2.6
Height (cm) 160.8± 9.8 165.1±11.2
Weight (kg) 56.5± 10.5 60.4± 10.4
BMI (kg/m2) 21.8± 2.8 22.0± 2.3
Body fat (%) 22.2± 7.8 21.1± 6.2
Stress score 47.9± 9.3 23.3± 8.9
Basal heart rate 69.5± 8.5 65.4± 8.6

Values are mean±SD.

TABLE I I : Compar i son  o f  conven t iona l  t e s t s  o f
au tonomic  ne rvous  ac t iv i ty  be tween  the
two s tudy  groups .

Tests High stress group Low stress group
(n=9) (n=27)

Delta HR cough 18.6± 5.39 24.7± 8.1
Delta HR MHG 20.5± 5.9 24.8± 9.4
Max delta HR during 29.1± 6.8 31.0± 8.3
deep breathing
Delta change in 6.5± 5.0 4.7± 2.9
heart rate during
mental stress
Change of posture 1.4± 0.2 1.5± 0.2
(30:15 ratio)
Valsalva ratio 1.7± 0.2 1.7± 0.3

Values are mean±SD.

TABLE I I I : Compar i son  o f  hea r t  r a t e  va r i ab i l i ty
componen t s  be tween  the  two  s tudy
groups  in  sup ine  pos tu re .

Heart rate High stress Low stress
variability group (n=9) group (n=27)
components

Total power 2231.8± 1390.5 4383.2± 4352.5
(0.0-0.4 Hz)
Low frequency 1036.4± 1085.9 1406.5± 18.64.9
(LF) in absolute
units (0.04-0.15 Hz)
High frequency 586.0± 437.6 1889.3± 2111.7
(HF) in absolute
units (0.15-0.04 Hz)
LF in normalized units 61.1± 15.8 47.4± 17.8*
HF in normalized units 44.0± 22.7 56.0± 17.9
LF/HF ratio 2.8± 3.4 1.2± 1.1*

Values are mean±SD; *P<0.05.

Pearson’s  correlat ion coeff icient ,  LF power
in  normal ized  uni t s  in  supine  pos ture  was
s ign i f ican t ly  pos i t ive ly  cor re la ted  ( r=0 .34 ,
p=0.04)  wi th  composi te  s t ress  scores  (Fig .
1). There were no correlation between stress
scores  and  any  of  the  o ther  measures  o f
autonomic  funct ions .
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D I S C U S S I O N

In  agreement  wi th  p rev ious  repor t s ,
major i ty  o f  the  s tuden ts  repor ted  the
academic  demands  of  the  medica l  t ra in ing
during the first year as a significant source
of stress (1–3). It  is also important to note
that although 61% of the first year students
repor ted  academic  demands  as  modera te ly
to highly stressful ,  very few had symptoms
suggest ive of  s ignif icant  emotional  dis tress
such as lack of sleep or feeling depressed.

In the present study, the main finding is
tha t  in  hea l thy  young subjec ts ,  a  rea l  l i fe
s t ressor  in  the  fo rm of  ad jus t ing  to  the
demands  of  medica l  t ra in ing  in  1s t
year  undergradua te  medica l  s tuden ts ,
s ign i f ican t ly  impac ts  au tonomic  inputs  o f
cardiovascular regulation. An earlier report ,
which  examined  the  re la t ionsh ip  be tween
stress and cardiac autonomic function among
medica l  s tuden ts  s tud ied  the  e f fec t  o f
appear ing  in  a  un ivers i ty  examina t ion  on
card iac  au tonomic  ind ices  (7 ) .  Th is  s tudy

showed that  during the s tress  day,  the low
frequency  component  in  normal ized  un i t s
was  increased  and  barore f lex  ga in  was
reduced .  The  au thors  in te rpre ted  the
findings as suggestive of al tered autonomic
homeos tas i s  wi th  a  sh i f t  towards  ca rd iac
sympathetic activation and vagal withdrawal .
However ,  the  na ture  o f  the  s t ress  was
re la t ive ly  acu te .  We chose  to  s tudy  the
impac t  o f  ad jus t ing  to  the  demands  of
medica l  t ra in ing  among 1s t  year  medica l
students, a stressor that is expected to affect
the individual  over  a  longer t ime frame.

There  was  a  c lea r  sh i f t  in  the  res t ing
HRV indices  character ized by a  h igher  LF
power in normalized units and a higher LF/
HF rat io  in  subjects  in  the “stress” group,
while  there were no s ignif icant  differences
be tween  the  g roups  on  any  of  the
convent ional  autonomic tes ts .  LF power  in
normal ized uni ts  corre la ted posi t ively  wi th
stress scores.  This f inding further  confirms
our  ea r l i e r  observa t ions  tha t  spec t ra l
measures  o f  HRV are  more  sens i t ive  to
sub t le  changes  than  t rad i t iona l  t es t s  o f
autonomic function (22).  The al terat ions in
spectral  measures of  HRV suggest  a  t i l t  in
the  res t ing  ca rd iac  au tonomic  ba lance
towards increased sympathetic activi ty.  The
LF/HF ra t io  i s  used  as  a  marker  o f
sympathovagal  balance (30) .  In the present
study, while the difference in HF power was
not statistically significant different between
the two groups, the “stress” group tended to
have  lower  HF power  in  absolu te  uni t s  in
res t ing  condi t ions  compared  to  the  “no
stress” group (p=0.07). The findings of higher
sympathe t ic  ac t iv i ty  and  poss ib ly  vaga l
wi thdrawal  in  the  “s t ress”  g roup  i s  in
agreement with an earlier study on the effect
of  acu te  s t ress  in  hea l thy  young  medica l

Fig.  1 : Relat ionship between low frequency power in
normal ized  un i t s  and  compos i te  s t ress  score .
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undergradua tes  (12) .  The  changes  in  the
autonomic cardiac indices were in the main,
reflected by a significant change in LF power
expressed  in  normal ized  un i t s  ra ther  than
absolute uni ts .  This  f inding extends earl ier
observat ions  tha t  normal iza t ion  of  spect ra l
power  may  be  impor tan t  when  s tudying
ef fec t s  o f  phys io log ica l  maneuvers  ac ross
groups (27).

This  s tudy  has  ce r ta in  l imi ta t ions .  We
have  used  on ly  a  s ing le  compos i te
ques t ionna i re -based  measure  o f  s t ress  and
have not studied psychological  factors such
as  appra i sa l  and  coping  mechanisms  tha t
may influence the stress response. The stress
scores  were  obta ined a t  only  one  point  of
t ime and hence the status of  mental  heal th
of  s tuden ts  p r io r  to  the i r  en t ry  to  the
medica l  course  cou ld  have  in f luenced  the
levels of stress. Other sources of stress such
as  famil ia l  or  in terpersonal  problems were
not  examined .  Biochemica l  parameters  o f
stress  such plasma or  sal ivary cort isol  was

not  measured .  In  add i t ion ,  our  da ta  i s
restricted to cardiac autonomic activity;  we
did not  evaluate  vascular  react iv i ty .

In  conclus ion,  in  medical  s tudents  who
obta ined  scores  in  the  upper  quar t i le  of  a
se l f - repor t  s t ress  sca le  the re  was  an
impai red  card iac  au tonomic  regu la t ion
represen ted  by  a  h igher  LF power  in
normal ized  un i t s  and  grea te r  LF/HF ra t io
at  rest .  There was a  s ignif icant  correlat ion
be tween  s t ress  scores  and  LF power  in
normal ized  un i t s .  The  f ind ings  a re
suggest ive  of  a  shi f t  in  cardiac  autonomic
regulation towards sympathetic activation in
response  to  rea l  l i f e  s t ressors .  However ,
these  f ind ings  need  to  be  rep l ica ted  in  a
la rger  sample .  I t  would  be  in te res t ing  in
future s tudies  to  determine i f  intervent ions
a imed a t  improving  coping  wi th  s t ress ,
at tenuate the changes in autonomic balance
in  young  h igh ly  s t ressed  ind iv idua ls  and
whether  these  ind iv idua ls  a re  a t  increased
risk of cardiovascular morbidity in later life.
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