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Abstract :  After food ingestion, peptides are released in GIT, which cause
local vasodilatation. Therefore, after meals,  redistribution of blood occurs
because  o f  sh i f t ing  o f  l a rge  amounts  o f  b lood  in to  GIT .  In  normal
individuals ,  this  is  wel l  compensated and does not  lead to  post-prandial
hypotension.  The mechanism of post-prandial  hypotension is  well  known.
We hypothesized that there may be a decrease in parasympathetic activity
(tone) after meals to compensate for the change in blood distribution. We
carried out the study to find out the changes in the autonomic tone before
and after meals (lunch) in normal individuals, using Heart Rate Variability
(HRV) .  F rom the  se r i e s  o f  RR in te rva l s  marked ,  the  t ime  domain  and
f requency  domain  measures  o f  HRV were  ob ta ined  us ing  Nevrokard
software (version 6.4).  Continuous ECG was recorded in 15 healthy adult
subjects  (mean age 29.06 ± 6.2;  13 males  and 2  females) .  The ECG was
recorded  in  p re -p rand ia l  and  pos t -p rand ia l  s t a t e  fo r  a  pe r iod  o f  f ive
minutes  each as  fol lows:  (1)  jus t  before  the  subjects  had lunch,  (2)  15
minutes after  lunch,  (3) 1 hour after  lunch,  and (4) 2 hours after  lunch.
T ime  domain  and  f requency  domain  measures  o f  HRV were  compared
between pre-prandial state and rest of post-prandial states.  The autonomic
tone  pa ramete r s  d id  no t  show a  s ign i f i can t  change  be tween  the  p re -
p rand ia l  s t a t e  and  the  immedia te  pos t -p rand ia l  s t a t e .  [Range ,  i . e . ,  t he
difference between the maximum and minimum RR intervals (406 ± 161.14
vs .  416 .66 ± 125) ,  s t andard-dev ia t ion  o f  normal  to  normal  RR in te rva l
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Synopsis :  Ambarish  e t  a l  s tudied the  changes  in  autonomic  ac t iv i ty  ( tone)  us ing hear t  ra te  var iabi l i ty  (HRV)
af ter  feeding.  Parasympathet ic  and sympathet ic  tone was s tudied in  15 heal thy adul t  subjects  before  and af ter
lunch .  No s ign i f ican t  change  was  seen  in  bo th  when the  au tonomic  tone  parameters  were  compared .  But  the
authors  propose  tha t  HRV can be  used to  detec t  autonomic  neuropathy in  d iabet ics  a t  a  very  ear ly  s tage ,  by
compar ing  p re -prand ia l  and  pos t  p rand ia l  HRV.
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(56.33 ± 22.72 vs.  67.63 ± 26.50),  RMSSD (55.02 ± 35.85 vs.  63.87 ± 32.60),
NN50  (42 .13 ± 29 .43  vs .  51 .86 ± 29 .83) ,  PNN50  (12 .67 ± 10 .29  vs .
15.27 ± 9.71),  HF (49.53 ± 15.10 vs.  47.07 ± 16.88),  LF (41.41 ± 13.18 vs.
46.49 ± 15.99), LF/HF (0.98 ± 0.53 vs. 1.26 ± 0.90), total power (148.27 ± 37.78
vs. 137.61 ± 37.10)]. No significant change was seen in the above parameters
between the pre-prandial state and the later phases of post-prandial state.
Since there  is  no s ignif icant  decrease  in  the  t ime domain measures  and
the  HF value  be tween the  pre-prandia l  and the  pos t -prandia l  s ta tes ,  we
conc lude  tha t  the  pa rasympathe t i c  tone  i s  no t  a l t e red .  The  pa ramete r s
deno t ing  sympa the t i c  tone ,  i e ,  LF  and  LF/HF,  a l so  do  no t  show a
signif icant  change.  This  indicates that  the cardiovascular  autonomic tone
is not affected by ingestion of meals in normal individuals. Thus we refute
our  hypo thes i s .  In  conc lus ion ,  the  HRV paramete r s  do  no t  a l t e r
s igni f icant ly  af te r  meals  in  normal  indiv iduals .

Key words  : hear t  r a t e  va r i ab i l i ty p r e - p r a n d i a l p o s t p r a n d i a l
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INTRODUCTION

The  gas t ro - in tes t ina l  t r ac t  (GIT)  i s
suppl ied  by  the  en te r ic  nervous  sys tem
(ENS)  compr is ing  the  myenter ic  p lexus  of
Auerbach ,  the  ex te rna l  and  the  in te rna l
sub  mucous  p lexuses .  This  apar t ,  the  GIT
comes under the influence of the autonomic
nervous  sys tem (ANS)  tha t  has  the
sympathe t ic  and  the  parasympathe t ic
components (1).  Ingestion of food is a visceral
st imulus that  leads to various physiological
ad jus tments  which  inc lude  metabol ic  and
card iovascu la r  changes  such  as  inc reased
blood flow to GIT, and a decreased skeletal
muscle  b lood f low (2) .  Food in take  causes
pept ides  to  be  re leased  in  the  GIT,  which
leads to vasodilatation locally. This leads to
redistribution of blood, i.e. more blood being
suppl ied  to  GIT (3) .  The  en te r ic  nervous
sys tem tha t  con t ro l s  the  pacemaker  and
motor  ac t iv i ty  of  GIT,  communica tes  wi th
the central nervous system, interacting with
the  hear t  th rough  the  au tonomic  nervous
s y s t e m .

The  measured  hear t  ra te  i s  modula ted

by the two main components  of  autonomic
nervous system.  These are  parasympathet ic
and sympathetic nervous system. An increase
in  sympathet ic  ac t iv i ty  increases  the  hear t
rate  and increased parasympathet ic  act ivi ty
decreases the heart rate, thus balancing each
other.  Vagal activity is dominant in resting
condi t ions .

In  hea l thy  ind iv idua l ,  the  in te rva l
between successive heartbeats  is  constant ly
vary ing .  The  var ia t ions  in  hear t  ra te  a re
cyclic and non-cyclic. The non-cyclic variations
are  f requent ,  sudden  la rge  bea t  to  bea t
changes  in  R-R in te rva ls  super imposed  on
the cyclic changes, and occur throughout the
day  and  n igh t .  These  a re  abo l i shed  by
atropine but  not  affected by beta-blockers ,
and absent  in  subject  with parasympathet ic
neuropa thy .  The  cyc l ica l  va r ia t ions  a re
assoc ia ted  wi th  var ious  phys io log ica l
func t ions  l ike  resp i ra t ion ,  ba rorecep tors
reflex activity, thermoregulatory mechanisms,
and  changes  in  per iphera l  chemorecep tor
ac t iv i ty  and  ren in-angio tens in  ac t iv i ty .
These  func t ions ,  in  genera l  a re  normal ly
exhib i t s  cyc l ic  osc i l l a t ions .  Each  of  these
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osci l la t ions  occurs  a t  par t icular  f requency,
which  ge t s  re f lec ted  as  p redominant  peak
in  f requency  spec t rum.  The  f requency
components are divided in three major bands
starting from the very low frequency (VLF)
range  be tween  0-0 .03  Hz .  This  f requency
range  i s  assoc ia ted  wi th  thermoregula tory
mechanisms ,  changes  in  per iphera l
chemoreceptor activity and/or fluctuation in
the act ivi ty of  renin-angiotensin.  There are
cycl ical  var ia t ions  occurr ing in  associat ion
wi th  changes  in  barorecep tors  ac t iv i ty .
These changes occur at low frequency of 0.10
Hz (range 0 .03–0.15)  and are  s ignif icant ly
modified by sympathetic blockade. There is
s t rong  cor re la t ion  be tween  th i s  low
frequency  var ia t ion  in  the  hear t  ra te  and
direct measures of sympathetic nerve activity.
However ,  vaga l  b lockade  produces  smal l
reduct ion in  this  low frequency component
in  HRV spect rum,  suggest ing that  there  i s
a l so  parasympathe t ic  component  to  th i s
cycl ic  ac t iv i ty .  The  ra t io  of  h igh  and low
frequency components  in  HRV spectrum is
commonly  used  to  denote  sympathovaga l
ba lance .  The  resp i ra to ry  re la ted  h igh
frequency changes occur at  0.25 Hz (range
0.18–0.4).  These can be abolished by vagal
blockade (4). These two factors suggest that
th i s  par t i cu la r  type  h igh  f requency
component  in  HRV is  parasympathe t ica l ly
media ted .  Thus ,  the  s tudy  of  Hear t  Ra te
Variability (HRV), gives an insight into the
heart rate control mechanisms. HRV gives a
fa i r ly  accura te  idea  about  the  indiv idual ’s
sympathe t ic  and  parasympathe t ic  tone  (5) .

HRV can be analyzed by several methods.
Two approaches ,  namely ,  the  t ime domain
and  the  f requency  domain  methods  a re
commonly employed. Both these approaches
are complementary to each other.  The t ime

domain parameters give overall  f luctuations
in the heart rate.   From ECG strip, a series
of  R-R in te rva l s  a re  ca lcu la ted  and  then
various indices  are  computed by s ta t is t ical
analysis.  Among these indices the standard
deviat ion of  normal- to-normal  RR intervals
(SDNN) is  an index that  quantify the total
amount  o f  var iab i l i ty  p resen t  in  the
recording and information on sympathovagal
ba lance .  Other  ind ices  l ike  RMSSD ( the
square root  of  the mean of the sum of the
squares of the differences between adjacent
RR intervals) ,  NN50 count  ( the  number  of
pairs  of  adjacent  RR intervals  differ ing by
more  than  50  ms dur ing  the  se lec ted  t ime
interval) ,  and PNN50 [percentage of  NN50
counts of all RR intervals, i.e. (NN50 count/
Total count of RR intervals) × 100] quantify
parasympathe t ic  ac t iv i ty .

The frequency domain analysis  involves
p lo t t ing  of  R-R in te rva l  dura t ion  aga ins t
number  of  R-R in te rva ls  ( tachogram) .  The
f requency  domain  method  d issec t s  ou t  the
en t i re  range  of  f luc tua t ions  in to  d i f fe ren t
frequencies;  i t  can separate the sympathetic
( low frequency)  and parasympathet ic  (h igh
f requency)  con t r ibu t ion  to  the  hear t  ra te
regula t ion .  This  in format ion  i s  usua l ly
presented graphically by plotting the vertical
axis against the frequency at which it occurs
on the  hor izonta l  ax is .  By measur ing  area
under  curve  a t  d i f fe ren t  f requency  a
numer ica l  measure  of  the  amount  o f  h igh
and  low f requency  cyc l ica l  va r iab i l i ty
present  in  the recordings is  obtained.

HRV is  a  s imple  method  to  quant i fy
card iovascu la r  au tonomic  neura l  inpu t ,  in
normal as well  as to evaluate patients with
acu te  Myocard ia l  In fa rc t ion ,  Card iac
Fa i lu re ,  Obes i ty  and  I r r i t ab le  Bowel
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Syndrome (1) .  S tud ies  on  e lder ly  sub jec t s
has  shown tha t  b lood  pressure  fa l l s  pos t
prandial  (6) ,  but  adequate studies have not
been done as yet on the effect of food intake
on HRV in normal subjects.

We hypothes ized  tha t  food  in take
may resu l t  in  a  t rans ien t  decrease  in
parasympathe t ic  ac t iv i ty .  Probably  by  the
decreased  con t ro l  o f  parasympathe t ic
nervous  sys tem,  the  hear t  ra te  may  be
increased  to  compensa te  fo r  the  p ressure
profile in the non-gut areas. Since the changes
demand mi ld  change ,  the  sympathe t ic
activation may not be called for.  Thus,  the
sympathovaga l  tone  i s  re f lec ted  and
quant i f ied  in  the  s ino-a t r ia l  node  of  hear t
(1).

MATERIAL AND METHODS

S u b j e c t s :

The subjects were 15 healthy adults;  13
males  and  2  females  in  the  age  group  of
29.06±6.2 years  working in  the Physiology
department of All India Institute of Medical
Sciences, New Delhi, India. All the subjects
gave  the i r  in formed consent  pr ior  to  the i r
inclusion in the study. History was recorded
for  each of  the  subject  before  s tar t ing the
test to screen for any evidence of autonomic
dysfunction and any other disorders, as well
as  for  a lcohol  abuse.  None of  the subjects
had  abdomina l  symptoms l ike  abdomina l
pa in ,  abdomina l  d i scomfor t ,  d ia r rhea ,
constipation, feeling of distension, flatulence,
e tc .  They  d id  no t  have  any  hear t  re la ted
compla in t s  e i ther .  Jus t  before  and  dur ing
the  s tudy ,  the  sub jec t s  d id  no t  consume
tea or coffee and did not smoke cigarettes.

They  were  no t  on  any  k ind  of  medica l
t h e r a p y .

P r o c e d u r e :

Each of the subjects were allowed to have
breakfas t  in  the  morn ing  a t  8 .30  AM.  No
dietary restrictions were imposed before the
study. The procedure was explained to each
subjec t  before  the  t es t .  The  HRV was
recorded us ing Nevrokard sof tware  vers ion
6 .4  (Medis ta r ,  S lovenia ) .  The  HRV was
recorded  wi th  sub jec t  in  sup ine  pos ture .
Three electrodes of clip type were applied –
one  to  r igh t  fo rearm,  a t  the  wr i s t .  The
second  e lec t rode  was  app l ied  to  the  r igh t
leg at the ankle and the third electrode was
applied to the left leg at the ankle. A non-
reactive electrode gel was applied to the skin
where  e lec t rodes  were  app l ied  fo r  good
conduc t ion .  The  record ings  were  t aken  a t
controlled room temperature (22±1°C) in the
Autonomic  Func t ion  Tes t  Labora tory .  For
each subject all  recordings were taken in one
day. It  was seen to it  that the surroundings
were  ca lm and  qu ie t .  The  sub jec t s  were
res t r ic ted f rom act ive  movements  and they
res ted  in  s i t t ing  pos i t ion  in -be tween  the
record ings .

HRV was  recorded  cont inuous ly  for  a
per iod of  5  minutes  (300s)  in  each of  the
recordings.  HRV was recorded once before
the subject had meals (lunch). The 2nd HRV
recording was taken 15 minutes after lunch.
The  3 rd HRV record ing  was  taken  1  hour
after  lunch and the 4th HRV recording was
taken 2 hours after  lunch.  The composit ion
of food in lunch was similar in all subjects
in quanti ty and quali ty.  Food was provided
in the lab and the subjects  consumed food
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in  s i t t ing  pos i t ion  and  adequa te  t ime  was
allowed to consume food. HRV was recorded
in  each  sub jec t  be tween  12 .30  and  18 .00
hours to minimize the circadian effects. The
t imings  conf i rmed to  the i r  normal  lunch
t i m i n g s .

The  autonomic  tone  parameters :

The t ime domain parameters  taken in to
cons idera t ion  were ;  range  ( the  d i f fe rence
between the maximum and the minimum RR
intervals) ,  s tandard deviat ion of  normal- to-
normal  RR intervals  (SDNN),  RMSSD ( the
square root  of  the mean of the sum of the
squares of the differences between adjacent
RR intervals) ,  NN50 count  ( the  number  of
pairs  of  adjacent  RR intervals  differ ing by
more  than  50  ms dur ing  the  se lec ted  t ime
interval) ,  and PNN50 [percentage of  NN50
counts of all RR intervals, i.e. (NN50 count/
Tota l  count  o f  RR in te rva l s )  × 100] .  The
f requency  domain  parameters  t aken  in to
consideration were; LF/HF ratio, LF, HF and
to ta l  power .  The  normal ized  LF,  HF and
total power were also calculated (mentioned
as  normal ized  un i t s /nu) .  For  spec t ra l
ana lys i s ,  0  to  256  samples  f rom the  to ta l
number  o f  samples  in  each  sub jec t  were
taken for  analys is .

Stat i s t i ca l  ana lys i s :

The above-ment ioned  t ime  domain  and
f requency  domain  parameters  were
compared  be tween  the  p re -prandia l  s ta te
and the rest  of the postprandial states.  The
Wilcoxon signed ranks test  (non-parametric
test for 2 related samples) was employed to
analyze  and compare  the  data  between the
m e a l s .

R E S U L T S

None  of  the  sub jec t s  exper ienced  any
adverse  symptoms a f te r  consumpt ion  of
meals .  The  t ime  domain  measures  d id  no t
show a significant change between the pre-
prandial state and the immediate postprandial
state ( i .e .  15 minutes after  lunch):  [Range:
(406 ± 161.14  msec  vs .  416 .66 ± 125 msec) ,
SDNN (56 .33 ± 22.72  vs .  67 .63 ± 26.50) ,
RMSSD (55 .02 ± 35.85  vs .  63 .87 ± 32.60) ,
NN50 (42 .13 ± 29.43  vs .  51 .86 ± 29.83) ,
PNN50 (12.67 ± 10.29 vs.  15.27 ± 9.71)].

The  f requency  domain  parameters  a l so
did not show a significant change between the
pre-prandial  and the immediate postprandial
s ta te :  [HF (49.53 ± 15.10 vs .  47.07 ± 16.88) ,
LF (41.41 ± 13.18 vs .  46.49 ± 15.99) ,  LF/HF

TABLE I

Pre - lunch Post  lunch 1 Post  lunch 2 Post  lunch 3
15  min 1  hours 2  hours

R a n g e 406 .00± 161 .15 4 1 6± 1 2 5 406 .73± 226 .79 426 .53± 278 .88
Std .  Dev ia t ion 55 .34± 22 .73 67 .63± 26 .50 54 .36± 26 .15 53 .55± 22 .91
R M S S D 55 .02± 35 .85 63 .87± 32 .60 46 .39± 28 .71 45 .54± 26 .76
NN50  Coun t 42 .13± 20 .43 51 .86± 29 .83 36 .40± 31 .91 37 .73± 30 .36
HF (nu) 49 .53± 15 .10 47 .07± 16 .88 46 .91± 12 .06 42 .99± 17 .91
LF (nu) 41 .41± 13 .18 46 .49± 15 .99 44 .88± 13 .40 48 .72± 14 .29
L F / H F 0 .98± 0 .53 1 .26± 0 .90 1 .11± 0 .73 1 .46± 0 .93
Tota l  Power (nu) 148 .27± 37 .78 137 .61± 37 .10 160 .29± 60 .75 205 .80± 129 .45
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(0 .98 ± 0 .53  vs .  1 .26 ± 0 .90) .  To ta l  power
(148.27 ± 37.78 vs.  137.61 ± 37.10)].

No s ign i f ican t  change  was  seen  in  the
above parameters between pre-prandial state
and the rest of the postprandial states also.
Thus  parasympathe t ic  tone  d id  no t  a l t e r
s ign i f ican t ly  be tween  meals  wi th  t ime
(Table–I) .

D I S C U S S I O N

There  i s  inc rease  in  hear t  ra te  a f te r  a
meal  in  young  hea l thy  and  o lder  pe rsons .
There  i s  sp lanchnic  b lood  pool ing  a f te r  a
meal ,  which  reduces  sys temic  vascu la r
res i s tance .  Th is  l eads  to  pos tprandia l
reduction in the return of blood to the heart.
But ,  mea l  inges t ion  in  young  persons  i s
followed by a slight increase in systolic blood
pressure because of an increase in heart rate
and  card iac  ou tpu t .  The  ac t iv i ty  o f
sympathet ic  nervous system increases  af ter
meals. There is increase in heart rate, plasma
norepinephrine levels  and sympathetic nerve
activity of muscle recorded by microneurography.
There  i s  a l so  increase  in  p lasma ren in
ac t iv i ty ,  ca rd iac  ou tpu t ,  and  forearm
vascular  res is tance  af ter  meal  inges t ion  in
hea l thy  young  persons ,  which  compensa te
for splanchnic blood pooling and result in a
s tab le  b lood  pressure  a f te r  meal  inges t ion
(7).

In  hea l thy  young  persons ,  i t  has  been
shown tha t  be ta -adrenerg ic  b lockade  wi th
propranolol  does not  at tenuate the increase
in heart  rate  in  response to food ingest ion,
which suggests that the change in heart rate
i s  independent  of  the  sympathe t ic  nervous
sys tem  and  i t  cou ld  be  due  to  vaga l

wi thdrawal .  Also  o ther  fac tors  might  be
involved  l ike  insu l in ,  somatos ta t in ,
vasoact ive  pept ides  and a lso  in t ra-vascular
fluid status.  It is seen that in patients with
autonomic fai lure,  postprandial  hypotension
is  associated with  the absence of  a  cardio-
acce le ra to ry  response .  Thus  a l t e ra t ion  in
b lood  vo lume by  meal  i s  ad jus ted  by
compensa tory  mechanisms  in  hea l thy
persons  bu t  no t  in  d i sease  s ta tes .   In  our
s tudy  s ince  there  i s  no  ra i se  in  the  t ime
domain measures and the HF value between
pre-prandial and the postprandial states,  we
conc lude  tha t  the  ca rd iac  parasympathe t ic
tone is not altered. The parameters denoting
the  sympathe t ic  tone  i . e .  LF  and  LF/HF
ratio, also did not show a significant change.
There  is  no change in  cardiac  sympathet ic
ac t iv i ty  in  pos tprandia l  pe r iod .  This
indicates  that  the cardiovascular  autonomic
tone is not affected by ingestion of meals in
normal  young  adul t s .  Thus ,  we  re fu te  our
hypothesis .  In  conclusion,  HRV parameters
do not alter significantly after food ingestion
in  normal  young adul ts .

Pos tprandia l  regu la t ion  of  cen t ra l
hemodynamics  i s  h igh ly  dependent  on  the
autonomic nervous system (8). The probable
reason  for  the  ins ign i f ican t  a l t e ra t ion  in
card iovascu la r  au tonomic  tone  a f te r  food
in take  i s  tha t  in  young  and  hea l thy
subjects,  the redistribution of blood volume
does  no t  l ead  to  any  sys temic  changes  in
b lood  pressure .  The  sympathe t ic  ac t iv i ty
very quickly compensates for any effects of
the  parasympathe t ic  ac t iv i ty  a f te r  food
in take  (6 ,  9 ) .  Food  inges t ion  causes
pos tprandia l  hypotens ion  in  pa t ien t s
wi th  au tonomic  fa i lu re  (3 ) .  An increase
in  pos tprandia l  parasympathe t ic  tone  may
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be seen in these pat ients  as  the autonomic
regula t ion  i s  compromised .  Depressed
HRV can  be  used  as  an  ear ly  warn ing
s ign  of  d iabe t ic  au tonomic  neuropa thy
(5).  In these cases;  HRV can be used as a
robus t  and  non- invas ive  method  to  assess
the  s ta tus  of  the  cardiovascular  autonomic
t o n e .
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