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Abstract  :  The  purpose  of  the  present  s tudy was  to  determine  whether
readily measured blood pressure (BP) indices and responses to autonomic
reflex tests could be used as surrogates of short-term heart rate variability
(HRV) ,  which  i s  an  es tab l i shed  marker  o f  au tonomic  regu la t ion  of  SA
node .  Therefore ,  we  examined  the  cor re la t ion  be tween  shor t - t e rm HRV
and heart  rate (HR), BP indices viz.  systolic pressure,  diastolic pressure,
pulse  pressure (PP),  and rate-pressure product  (RPP),  during supine rest
and head-up tilt  in 17 young healthy normotensive subjects,  aged 19.8 ± 1
yr  (mean ± SD).  Three class ic  autonomic indices  viz .  Valsalva rat io ,  HR
response  to  deep  brea th ing  and  pressor  response  to  i somet r ic  handgr ip
were also determined. We noted two interesting and statistically significant
(P<0.05 in both cases) correlations viz. i)  a positive correlation (r = 0.6)
between change in RPP during ti l t  and change in low frequency (LF) RR
spectral  power expressed in normalized units  (LF nu) during t i l t ,  and i i)
a  negative correlat ion (r  = –0.6)  between change in PP during isometric
handgrip and LF nu during t i l t .  The possible physiologic signif icance of
these and other correlations is discussed in this paper.  In conclusion, the
presence  of  a  s ta t i s t ica l ly  s ign i f ican t  cor re la t ion  be tween  RPP,  PP and
spec t ra l  measures  of  shor t - te rm HRV suppor ts  a  s impl i s t ic  approach  to
autonomic assessment, in that, easily measurable BP indices could be used
as surrogates  of  HRV when i t  is  not  feasible  to  determine HRV indices
directly. However, the same have to be tested in healthy subjects belonging
to  va r ious  age  g roups  and  in  pa t i en t s  wi th  cond i t ions  known to  be
associa ted  wi th  autonomic  dysregula t ion .
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I N T R O D U C T I O N

Card iovascu la r  au tonomic  func t ion  i s
increas ing ly  eva lua ted  wi th  f requency-

domain  measures  o f  shor t - te rm hear t  ra te
var iab i l i ty  (HRV)  because  i t  r e f lec t s  the
f requency spec i f ic  modula t ion  of  SA node
by the two limbs of the autonomic nervous
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sys tem (1–3) .  S tud ies  o f  barore f lex
physiology (4) and HRV in hypertensives (5)
sugges t  tha t  HRV i s  inverse ly  cor re la ted
wi th  b lood  pressure  (BP) .  The  purpose  of
th i s  s tudy  was  to  t es t  whe ther  read i ly
measured  BP ind ices  and  responses  to
classic autonomic reflex tests could be used
as surrogates of short-term HRV. Therefore,
we  examined  the  cor re la t ion  be tween
measures of short- term HRV and heart  rate
(HR), BP indices viz. systolic pressure (SP),
diastolic pressure (DP), pulse pressure (PP),
mean  pressure  (MP) ,  and  ra te -pressure
product (RPP), during supine rest and head-
up  t i l t  in  17  young  hea l thy  normotens ive
subjec t s .  Apar t  f rom spec t ra l  ind ices  o f
HRV,  we  de te rmined  the  cor re la t ion
be tween  Valsa lva  ra t io  (VR)  –  a  complex
globa l  index  of  sympathe t ic  and
parasympathe t ic  e f fec t s  (6 ,  7 )  and  hear t
ra te  response to  deep breathing (I  -  E HR
di f fe rence)  –  a  re l i ab le  index  of  vaga l
modulation of RR intervals (6–8),  with HR
and BP ind ices .  The  pressor  response  to
sus ta ined  i somet r ic  handgr ip  ( IHG)  was
taken as an index of sympathetic modulation
of BP (6–8). We report here some interesting
and statistically significant correlations that
exis t  be tween shor t - te rm HRV indices  and
autonomic responses to head-up tilt and IHG
in  the  group  of  sub jec t s  examined  in  the
presen t  s tudy .

MATERIALS AND METHODS

Twenty  seven  male  sub jec t s  aged
19.8 ± 1 yr  (mean ± SD) were  recru i ted  for
the study after a brief history and physical
examinat ion.  The mean ± SD weight ,  height
and body mass index (BMI) of the subjects
were  53 .8 ± 8 .2  Kg,  1 .67 ± 0.05  m,  and
19.7 ± 2.5 Kg/m2 respectively. None of them

had  a  s ign i f ican t  medica l  h i s to ry  and
the i r  phys ica l  examina t ion  was  normal .
Autonomic ref lex tes ts  were carr ied out  in
the mornings,  1–2 h after  a  l ight  breakfast
and after familiarizing the subjects with the
test ing procedures .  Subjects  refrained from
smoking  and  caf fe ina ted  dr inks  on  the
morning of  the tests .  None of  the subjects
were  taking any medicat ion a t  the  t ime of
tes t ing .  The  Ins t i tu te  E th ics  Commit tee
approved  the  s tudy  pro toco l .  Al l  sub jec t s
gave  wr i t ten  in formed consent .

Base l ine  BP and  HR were  measured
after 5 min of rest in the supine position on
the  t i l t  t ab le .  BP was  measured  wi th  an
osc i l lomet r ic  dev ice  (Col in  Press -Mate ,
Model  BP 8800 ,  Col in  Corpora t ion  Inc . ,
Japan) .  For  assess ing  the  response  to  t i l t ,
we used a manually operated tilt  table with
foo tp la te  suppor t  and  the  sub jec t  was
s t rapped  to  the  t i l t  t ab le  by  sa fe ty
res t ra in t s .  Af te r  5  min  res t  in  the  sup ine
pos i t ion ,  sub jec t s  were  t i l t ed  80°  head-up
for 5 min. BP was recorded immediately, 2
min and 5  min  af ter  t i l t .  The  subjec t  was
then  made  to  l i e  down comfor tab ly  on  a
couch ,  res t  fo r  5  min  and  a f te r  tha t ,
instructed to breathe slowly and deeply,  at
s ix  b rea ths  per  min .  The  HR response  to
deep brea th ing  ( I  –  E HR di f ference)  was
expressed as the average of the differences
be tween  the  maximum HR and  the
minimum HR dur ing deep breath ing a t  s ix
brea ths  per  minute  fo r  one  minute  (6–8) .
The  sub jec t s  were  asked  to  per form the
Valsa lva  maneuver  in  the  s i t t ing  pos i t ion
by blowing into a mouthpiece attached to a
manometer  and  main ta in ing  an  expi ra tory
pressure  of  40  mm Hg for  15  seconds .
Valsa lva  ra t io  (VR)  was  ca lcu la ted  as  the
maximum RR interval immediately following
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the strain divided by minimum RR interval
dur ing  the  s t ra in  (6–8) .  IHG was  done
by  ask ing  sub jec t s  to  main ta in  30% of
maximum volun ta ry  cont rac t ion  pressure
using a handgrip dynamometer  for  one and
a half  minutes.  The difference between DP
just  before the release of handgrip and the
base l ine  DP was  no ted  as  the  p ressor
response to the test (7). RPP was calculated
as SP × HR × 10–2 and expressed in units of
mm Hg × beats per min × 10–2.

Heart  ra te  var iab i l i ty  ana lys i s )  :  A ches t  l ead
ECG was  recorded throughout  supine  res t ,
head-up  t i l t ,  deep  brea th ing  and  Valsa lva
maneuver  us ing  the  BIOPAC MP 100
sys tem (BIOPAC Inc . ,  USA) .  Bea t - to -bea t
variations in instantaneous HR were derived
of f l ine  us ing  a  ra te -de tec tor  a lgor i thm
(Acknowledge 3.7.3 software, BIOPAC Inc.,
USA) .  For  comput ing  HRV ind ices  dur ing
supine rest and tilt ,  recommendations of the
Task  Force  on  HRV were  fo l lowed (3) .
Br ie f ly ,  a  5 -min  ECG was  acqui red  a t  a
sampling rate of 1000 Hz during supine rest
and during t i l t ,  with the subjects  breathing
normal ly  a t  12–18  per  min .  RR in te rva l s
were  p lo t ted  us ing  the  BIOPAC
Acknowledge 3.7.1 sof tware.  An RR ser ies
was  ex t rac ted  us ing  a  ra te -de tec tor
a lgor i thm af te r  exc lus ion  of  a r t i fac t s  and
ectopics. A stationary 256 second RR series
was chosen for analysis. In the time domain,
the  s tandard deviat ion of  normal- to-normal
RR intervals (SDNN) was taken as an index
of  overa l l  HRV.  The  RR ser ies  was
resampled  a t  4  Hz ,  the  mean  and  t rend
removed ,  a  Hann  window appl ied  and  the
1024 data  point  ser ies  t ransformed by fas t
Fourier transformation.  Low frequency (LF)
and  h igh  f requency  (HF)  spec t ra l  powers

were  de te rmined  by  in tegra t ing  the  power
spectrum between 0.04 and 0.15 Hz and 0.15
and  0 .4  Hz  respec t ive ly .  Tota l  power  was
ca lcu la ted  by  in tegra t ing  the  spec t rum
between 0.004 and 0.4 Hz and includes very
low f requency ,  LF and  HF components .
Spec t ra l  powers  a re  expressed  in  abso lu te
uni t s  o f  mi l l i seconds  squared .  LF and  HF
powers  a re  a l so  expressed  in  normal ized
uni ts  as  descr ibed previously (3) .

Stat i s t i ca l  ana lys i s  :  Unless  o therwise  no ted ,
da ta  a re  expressed  as  mean ± SD.  S ince
correlat ion was tested,  the range of  values
of  var ious  parameters  tha t  were  used  i s
ment ioned in  Table  I .  Spect ra l  powers  are
presen ted  as  median  ( in te rquar t i l e  range) .
Changes  in  parameters  dur ing  t i l t  o r
handgr ip  were  compared  us ing  S tudent ’ s
pa i red  t - t e s t  fo r  normal ly  d i s t r ibu ted  da ta
and  Wi lcoxon-matched  pa i r s  t es t  fo r
skewed data .  Correla t ion between normal ly
d is t r ibu ted  ind ices  was  de te rmined  us ing
the  Pearson  cor re la t ion  coef f ic ien t .
Correlation between various indices and RR
in te rva l  spec t ra l  powers  was  tes ted  us ing
Spearman’s  rank  cor re la t ion  tes t .  A  two
tailed P value less than 0.05 was considered
s ign i f i can t .

R E S U L T S

Resul t s  a re  g iven  in  Tables  I  –  IV.
Rest ing BP,  HR, I  –  E HR difference,  VR
and pressor  response to  IHG, are  given in
Table I .  The mean RR and HRV indices at
res t  and  dur ing  head-up  t i l t  a re  g iven  in
Table  I I .  HRV da ta  dur ing  sup ine  res t  as
well as head-up tilt  were available only for
17 subjects .  Thus,  the correlat ions between
res t ing  HR,  BP ind ices  and  HRV ind ices
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TABLE I : Res t ing  ca rd iovascu la r  pa ramete r s ,
Valsalva ratio,  heart  rate (HR) response to
deep breathing (I  – E HR difference),  and
pressor  r e sponse  to  i somet r i c  handgr ip
(IHG).

Parameter Mean ± SD
Range

(min – max)

Systolic pressure (mm Hg) 115± 8 106– 127
Diastolic pressure (mm Hg) 63± 6 54– 71
Pulse pressure (mm Hg) 51± 5 40– 61
Heart rate (beats per minute) 67± 7 60– 88
Rate-pressure product 77± 10 62– 105
(SP×HR×10–2)
Valsalva ratio 2.1± 0.5 1.3– 3.25
I – E HR difference 29± 7 15– 36
Increase in diastolic pressure 31± 14 2 – 64
during IHG (mm Hg)
Change in pulse pressure 6± 15 -27– 40
during IHG (mm Hg)

Data are for  27 subjects .

TABLE II : Mean RR and heart rate variability indices
dur ing supine  res t  and head-up t i l t .

Parameter Supine Head-up-tilt P value

Mean RR (ms) 817±100 721±92 <0.001
SDNN (ms) 48±20 50±13 N S
LF power (ms2) 108 (52–236) 249 (166–513) N S
HF power (ms2) 157 (37–460) 54 (38–120) <0.05
Total power (ms2) 556 (189–1187) 563 (421–847) N S
LF nu 46±18 79±16 <0.0001

Data from 17 subjects  are expressed as mean±SD
or  median  ( in te rquar t i l e  r ange)  whichever  i s
a p p r o p r i a t e .
SDNN: standard deviation of normal-to-normal RR
interva ls ;  LF and HF power :  low f requency and
high frequency RR spectral power respectively; LF
nu : low frequency RR spectral power expressed in
normalized uni ts ;  NS :  not  s ignif icant .

g iven  in  Table  I I I ,  and  some in te res t ing
correlations given in Table IV were derived
from 17 subjec ts .  The  corre la t ion  be tween
HRV indices and BP and HR during supine
rest is presented in the form of a correlation

TABLE II I : Cor re la t ion  mat r ix  showing  cor re la t ions
between resting heart rate, blood pressure
ind ices  and  shor t - t e rm hear t  r a t e
var iabi l i ty  indices .

Mean HR S P DP PP M P RPP

SDNN –0.6* 0.2 0 0.4 0.1 –0.5*
LF power –0.4 0 0.1 0.5* 0.3 –0.3
HF power –0.5* 0 –0.1 0.3 0 –0.4
LF+HF powers –0.5* 0 –0.1 0.4 0.2 –0.4
Total power –0.6* 0 –0.1 0.4 0.2 –0.5*
LF nu 0.3 0.3 0.4 0.1 0.4 0.5*
Valsalva ratio 0.1 –0.3 –0.3 –0.5 –0.3 –0.1
I – E HR difference –0.2 0.1 0.2 –0.1 0.3 –0.2

Data  (n = 17)  a re  expressed  as  Pea r son  o r
Spearman  cor re la t ion  coef f i c i en t ,  whichever  i s
a p p r o p r i a t e .
*P<0.05
HR: heart rate; SP: systolic pressure; DP: diastolic
pressure;  PP:  pulse pressure;  MP: mean pressure;
RPP:  r a t e -p ressure  p roduc t ;  SDNN:  s t andard
deviation of normal-to-normal RR intervals; LF and
HF powers: low frequency and high frequency RR
spectral powers; LF nu: low frequency RR spectral
power  expressed  in  normal ized  un i t s ;  I  –  E  HR
difference: Inspiration – expiration HR difference.

TABLE IV : Summary of other interesting correlations.

Parameter 1 Parameter 2
Pearson’s P

correlation value
coefficient

MP during Tilt LF nu – –0.4 0.09
supine rest rest LF nu
MP after 5 min tilt LF power at rest 0.4 0.08
MP ater 5 min tilt LF nu at rest 0.4 0.08
MP ater 5 min tilt Tilt LF nu – rest LF nu –0.5 0.03
∆ RPP during tilt Tilt LF nu – rest LF nu 0.6 0.01
∆ DP during IHG LF nu tilt 0.4 0.1
∆ PP during IHG LF nu tilt –0.6 0.01
Valsalva ratio Body mass index –0.6 0.02

Data are given for 17 subjects.
∆:  change; MP: mean pressure; RPP: rate-pressure
produc t ;  DP:  d ias to l i c  p ressure ;  IHG:  i somet r i c
handgrip; LF power: low frequency spectral power;
LF nu: low frequency spectral power in normalized
u n i t s .
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matr ix in Table III .  Change in RPP during
tilt (Table IV) was derived as the difference
be tween  RPP af te r  2  minutes  o f  t i l t  and
resting RPP. Similarly, change in PP during
IHG (Table IV) was derived as the difference
be tween  PP a f te r  one  and  a  ha l f  minutes
IHG and  res t ing  PP.

There  was  a  s ta t i s t i ca l ly  s ign i f ican t
decrease in mean RR (P<0.001),  HF power
(P<0.05) ,  and  an  increase  in  LF nu
(P<0.0001)  dur ing  head-up  t i l t  (Table  I I ) .
Stat is t ical ly s ignif icant  inverse correlat ions
(P<0.05) were observed between SDNN, HF
power ,  sum of  LF and  HF powers ,  to ta l
power ,  and  mean  HR a t  res t  (Table  I I I ) .
There  was  no  s ign i f ican t  cor re la t ion
between SP, DP and any of the HRV indices.
There was no correlation between VR, I – E
HR difference and HR or BP indices at rest
o r  dur ing  t i l t .  We observed  s ta t i s t i ca l ly
s ign i f ican t  (P<0 .05)  pos i t ive  cor re la t ions
be tween  PP a t  res t  and  LF power ,  and
between MP and LF power ,  LF nu  a t  res t
(Table III). A significant inverse correlation
was  no ted  be tween  RPP and  SDNN,  and
RPP and to ta l  power  (P<0.05  for  both)  a t
res t  (Table  I I I ) .

D I S C U S S I O N

It  i s  wor th  no t ing  tha t  Valsa lva  ra t io
and I  –  E HR difference did  not  corre la te
with HR and BP indices whereas there were
signif icant  correlat ions between some HRV
indices  and  HR,  RPP as  wel l  as  be tween
HRV indices and autonomic responses to tilt
and  IHG.  SDNN,  which  encompasses  a l l
components  responsible  for  RR var iabi l i ty ,
is a simple time domain measure of overall
HRV (3, 6).  High frequency spectral  power

ref lec ts  parasympathet ic  modula t ion  of  RR
intervals  a t  respi ra tory  f requency (1–3,  9–
11) .  LF power  in  abso lu te  un i t s  o f  power
quant i f i es  barore f lex-media ted  modula t ion
of RR intervals in the 0.04–0.15 Hz range.
Changes  in  sympathe t ic  as  wel l  as  vaga l
nerve  t ra f f ic  to  the  hear t  a re  thought  to
cont r ibu te  to  LF power  (2 ,  3 ,  11) .  To ta l
power, calculated as the sum of LF and HF
powers is also an index of overall HRV (2).
At least  in physiologic s tates  characterized
by  sympathe t ic  exc i ta t ion ,  low f requency
spec t ra l  power  expressed  in  normal ized
uni t s  o f  power  (LF nu)  has  been  shown
to  be  a  usefu l  noninvas ive  index  of
sympathovagal  balance (2 ,  12) .

The  decrease  in  mean  RR,  increase  in
LF nu ,  and  decrease  in  HF power  dur ing
head-up  t i l t  (Tab le  I I )  a re  wel l  known
concomitants  of  sympathe t ic  exc i ta t ion  (2 ,
3 ,  12) .  Sympathe t ic  exc i ta t ion ,  which  i s
assoc ia ted  wi th  an  increase  in  mean  HR,
reduces  the  magni tude of  respira tory  s inus
ar rhy thmia  (13) .  Also ,  g rea te r  the  number
of normal sinus beats in a given time period,
lesse r  i s  the  scope  for  modula t ion  of  RR
in te rva l s .  RPP,  which  increases  in  s ta tes
associated with sympathet ic  exci ta t ion,  has
been  shown to  cor re la te  wi th  myocard ia l
oxygen  consumpt ion  (14) .  Thus ,  the
inverse  cor re la t ion  be tween  RPP and
SDNN, as  wel l  as  RPP and to ta l  power  is
not  surpr is ing s ince  sympathet ic  ac t ivat ion
is  known to  resu l t  in  an  increase  in
HR, RPP and a decrease in overall HRV (3,
11, 13).

For  a  g rea te r  PP ,  load ing  of  h igh-
pressure  barorecep tor  a f fe ren t s  i s  g rea te r
and consequent ly,  the ref lex modulat ion of
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RR interval is also higher. This is the basis
for the positive correlation between PP and
LF power  dur ing  sup ine  res t  (Table  I I I ) .
However, the correlation between MP at rest
and LF power was weak. This indicates that
LF power is more closely related to stretch
induced  changes  in  f i r ing  of  barorecep tor
afferents  rather  than the tonic discharge in
barorecep tor  a f fe ren t s  in  response  to  the
preva i l ing  MP.

LF nu  i s  a  wide ly  used  index  of
sympathovagal  ba lance  dur ing  head-up  t i l t
(2 ,  12) .  A  s ign i f ican t  pos i t ive  cor re la t ion
between RPP during t i l t  and the change in
LF nu (i.e. LF nu during tilt – LF nu during
supine rest),  given in Table IV, is possibly
because  of  sympathe t ic  exc i ta t ion  dur ing
head-up tilt.  The physiologic significance of
the positive correlation between the pressor
response  to  i somet r ic  handgr ip  and  LF nu
dur ing  t i l t ,  a l though  no t  s ta t i s t i ca l ly
significant (P = 0.1), may be the same. The
pressor  response  to  IHG i s  an  index  of
sympathe t ic  ac t iva t ion  and  vascu la r
respons iveness  to  pressor  s t imul i  (7 ) .  The
inverse correlat ion between the increase in
PP dur ing  IHG and  LF nu  dur ing  t i l t  has
the  same s ign i f icance .  The  prominent
increase  in  DP due  to  sympathe t ic
augmenta t ion of  to ta l  per iphera l  res is tance
and accompanied  by  a  baroref lex-media ted
lower ing  of  ca rd iac  ou tpu t  causes  PP  to
decrease  dur ing  IHG.  Thus ,  a  g rea te r
decrement  in  PP  dur ing  IHG would  be

expec ted  to  be  assoc ia ted  wi th  h igher  LF
nu .  A s ign i f ican t  nega t ive  cor re la t ion
between VR, an index of sympathetic as well
as  parasympathe t ic  modula t ion  (6 ,  7 )  and
BMI is not surprising since BMI and overall
HRV are  known to  be  inversely  corre la ted
(15).

In  conc lus ion ,  the  p resence  of  a
s ign i f ican t  cor re la t ion  be tween  mean  HR,
pulse  p ressure ,  mean  pressure ,  ra te -
pressure  product  changes  dur ing t i l t ,  pulse
pressure changes during isometr ic  handgrip
and  spec t ra l  measures  of  shor t - te rm HRV,
dur ing  the  phys io log ic  s ta tes  examined ,
supports a simplistic approach to autonomic
assessment ,  in  tha t ,  mean  HR and  ra te -
pressure  p roduc t  cou ld  be  used  as
sur roga tes  o f  overa l l  HRV and  the  pu lse
pressure  change  dur ing  i somet r ic  handgr ip
could be used as surrogate of  LF nu when
it is not feasible to determine HRV indices
direct ly .  However ,  observat ions need to  be
made  in  hea l thy  sub jec t s  be longing  to
var ious  age  groups  and  in  pa t ien t s  wi th
condi t ions  known to  be  assoc ia ted  wi th
au tonomic  dysregula t ion .
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