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LETTER TO  THE  EDITOR

R-R VARIABILITY FROM STANDARD 12 LEAD ECG MAY BE USEFUL
FOR ASSESSMENT OF AUTONOMIC NERVOUS FUNCTION

Sir,

( Rece ived  on  Februar y  20 ,  2007 )

Many conditions such as aging, diabetic
neuropathy and ischaemic heart  disease are
assoc ia ted  wi th  reduc t ions  in  hear t  r a te
var iab i l i ty  (HRV) .  Reduced  HRV,  in  tu rn ,
has been associated with increased mortality
(1) .  There  has  been d iscuss ion  of  lowered
HRV as  a  potent ia l  therapeut ic  ta rge t  (2) .
Trad i t iona l  t echniques  o f  eva lua t ing  HRV
involve  acquis i t ion  of  con t inuous  ECG
record ings  fo r  var iab le  per iods  o f  t ime
fol lowed by fair ly  complex computer-based
mathemat ica l  p rocess ing .  At tempts  have
been  made  to  reduce  the  dura t ion  of  the
ECG record ing .  The  power  spec t ra l
measures  of  HRV der ived  f rom 2  min
record ings  a re  wel l  cor re la ted  wi th  those
f rom 24  h  record ings  (3 ) .  In  a t  l eas t
one  longi tud ina l  ep idemio log ica l  s tudy,
variat ions in  the RR intervals  f rom the 12
lead ECG predic ted morta l i ty  (4)  but ,  th is
was  no t  l inked  to  changes  in  au tonomic
funct ion.  A recent  s tudy indicated that  the
average absolute difference in RR intervals
or  the  roo t  mean  square  o f  the  s tandard
deviation of RR intervals from a continuous
10  ECG could  reasonably  pred ic t  ca rd iac
vaga l  tone  der ived  f rom a  5  min  ECG
recording (5). HRV derived from a standard
12 lead  ECG is  cos t -ef fec t ive  and wi l l  be
usefu l  in  poor  count r ies .  Th is  s tudy
therefore evaluated the extent  to which RR
var iab i l i ty  der ived  f rom s tandard  12  lead
ECG correlated with HRV in the frequency

domain  der ived  f rom a  cont inuous  5  min
ECG recording  in  supine  pos ture .

Study  1  :  In  a  p re l iminary  ana lys i s ,
continuous 5 min supine ECG data from 149
healthy males [Young (18–30 yrs) = 115 and
Old (>60 years) = 34] collected from different
studies were analyzed. The aim of this study
was to  assess  the construct  val idi ty  of  the
hypothes i s  tha t  R-R var iab i l i ty  f rom 12
randomly chosen sites (3 sequential R waves
a t  each  of  the  12  s i t es )  on  a  5  min
cont inuous  ECG record ing  ( s imula t ing  a
standard 12 lead ECG) was correlated with
measures  of  HRV in the frequency domain
obta ined  over  the  en t i re  5  min  record ing ,
as  descr ibed  ea r l i e r  (6 ,7 ) .  Cor re la t ions
between CV-RR (coefficient  of  variat ion of
the  R-R in te rva l s  f rom a l l  12  chosen
segments )  and  the  to ta l ,  h igh  f requency
(HF)  in  abso lu te  and  normal ized  R-R
spec t ra l  power  were  0 .79 ,  0 .78  and  0 .18
while  the correlat ions for  SD-RR (standard
deviat ion of  the  R-R intervals  f rom al l  12
chosen segments)  and the  same parameters
were  0 .78 ,  0 .77  and  0 .21 ,  respec t ive ly
(Spearman’s  cor re la t ion ,  P<0 .05) .  Low
frequency (LF) represented in absolute and
normal ized  un i t s  showed a  cor re la t ion  of
0 .74  and  –0 .24  wi th  CV-RR spec t ra l
power  and  0 .69  and  –0 .26  wi th  SD-RR
spec t ra l  power  (Spearman’s  cor re la t ion ,
P<0.05) .
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Study  2  :  Based  on  the  p re l iminary
findings of Study 1 (simulated 12 lead ECG),
the s tudy was extended to prospect ively to
evaluate actual 12 lead ECG’s against HRV
in the frequency domain in  55 consecut ive
subjects  recrui ted into the laboratory for  a
var ie ty  o f  s tud ies .  Af te r  ins t rumenta t ion ,
subject  was  res ted  for  30 min and lead I I
ECG was recorded for 5 min in the supine
pos ture  dur ing  spontaneous  brea th ing .
S tandard  12  lead  EGG was  a l so  recorded
subsequent ly  (Card ia r t  108T/MK-VII ,  BPL
l imi ted ,  Ind ia ) .  The  RR in te rva l s  were
calculated manually. At least 3 RR intervals
were used in  each lead to  calculate  Mean-
RR,  SD-RR,  and  CV-RR.  Al l  par t i c ipan ts
gave  wr i t t en  consen t  to  the  s tud ies  which
were  approved  by  the  Ins t i tu t iona l  E th ics
Review Board.

Table  I  p rov ides  a  cor re la t ion  mat r ix
between s tandard  measures  of  HRV in  the

frequency domain, expressed in absolute and
normal ized  un i t s  and  the  measures  o f  RR
variability derived from the 12 lead ECG in
the second set of subjects (Study 2 : N = 55).
The  da ta  ind ica te  tha t  R-R var iab i l i ty
derived from the 12 lead ECG is positively
and  s ign i f ican t ly  cor re la ted  wi th  the  HF
power spectra of HRV when expressed both
in  abso lu te  and  normal ized  un i t s .  In
cont ras t ,  the  LF power  spec t ra  showed a
pos i t ive  cor re la t ion  wi th  12  lead  RR
var iab i l i ty  when  expressed  in  abso lu te
terms, but negative correlations which were
s ign i f ican t  when  expressed  in  normal ized
uni ts .  The  s t rength  of  associa t ion  be tween
LF power and 12 lead R-R variabi l i ty  was
smal le r  than  tha t  be tween  the  HF power
spectra  and 12 lead R-R var iabi l i ty .

The  s t ronger  assoc ia t ions  be tween  the
HF power  spec t ra  and  12  lead  R-R
var iab i l i ty  a re  unders tandable ,  g iven  the

TABLE I : Correlation between heart rate variability indices in the frequency domain from a supine 5 minute
ECG recording and R-R variabil i ty derived from standard 12 lead ECG in Study 2 (n = 55).

C V - R R M e a n - R R S D - R R LF abs HF abs LF nu HF nu LF/HF Ra t io

CV-RR ------
M e a n - 0.328*
R R (0.015) ------
SD-RR 0.956* 0.570*

(0.000) (0.000) ------
LF-abs 0.271* 0.117 0.292*

(0.046) (0.393) (0.030) ------
HF abs 0.460* 0.355* 0.536* 0.652*

(0.000) (0.000) (0.000) (0.000) ------
LF  nu –0.347* –0.241 –0.396* –0.068 –0.482* ------

(0.000) (0.077) (0.003) (0.623) (0.000)
HF nu 0.331* 0.303* 0.399* 0.042 0.514* –0.957* ------

(0.014) (0.025) (0.003) (0.763) (0.000) (0.000)
L F / H F –0.180 –0.138 –0.220 –0.042 –0.320* 0.831* –0.810* ------
R a t i o (0.188) (0.315) (0.107) (0.760) (0.017) (0.000) (0.000)
T P 0.440* 0.339* 0.512* 0.846* 0.923* –0.349* 0.356* –0.218

(0.001) (0.011) (0.000) (0.000) (0.000) (0.000) (0.000) (0.110)

CV-RR, Coefficient of variation RR interval; SD-RR, Standard deviation RR interval; LF, Low frequency; HF,
High frequency; abs,  absolute units;  nu,  normalized units;  TP, Total  power.  *=P<0.05.
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fac t  tha t  the  R-R var ia t ions  in  a  12  lead
ECG ref lec t  s inus  a r rhy thmia  which  i s
exp la ined  by  vaga l  wi thdrawal  to  the  SA
node during inspiration (8).  The reversal of
the sign of the correlation coefficient of LF
absolute  uni ts  and LF normal ized  uni ts  vs
12  lead  RR var iab i l i ty  sugges t  tha t  the
re la t ive  con t r ibu t ion  of  the  HF power
spectra vs the LF power spectra in absolute
te rms  increased  wi th  increas ing  power .

These  da ta  sugges t  tha t  the  R-R
variability from 12 lead ECG reflect clearly
definable HRV parameters in the frequency
domain .  Given  tha t  HRV in  the  f requency
domain  pred ic t s  a l l  cause  and  card iac
mortal i ty,  R-R variabil i ty from the 12 lead
ECG may be  usefu l  in  p rospec t ive
epidemiological  s tudies  l inked to  a l l  cause
and  card iac  mor ta l i ty ,  a l though th i s  needs
to  be  evaluated .
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