
Ind ian  J  Phys io l  Pharmaco l  2011 ;  55 (2) :  119–127

*Corresponding Author : Ashok  Kumar  Ja rya l ,  MD,  Addi t iona l  P ro fessor  o f  Phys io logy ,  Room No:  2009 ,
Department of Physiology, All India Institute of Medical Sciences, New Delhi – 110 029;
Tel .  :  +91-11-26593583;  Fax :  +91-11-26588641;  E-Mai l :  ashok. jaryal@gmai l .com

PATTERN AND PREVALENCE OF CARDIOVASCULAR AUTONOMIC
NEUROPATHY IN DIABETICS VISITING A TERTIARY
CARE REFERRAL CENTER IN INDIA

EKTA KHANDELWAL, ASHOK KUMAR JARYAL* AND
KISHORE KUMAR DEEPAK

Department  o f  Physiology,
All  India Insti tute of  Medical Sciences
New Delhi – 110 029

( Rece ived  on  June  9 ,  2010 )

Abstract  :  The cardiovascular  autonomic neuropathy (CAN) is  a  known
complication of long standing diabetes. In the present study, the prevalence
of sympathetic and parasympathetic abnormalit ies in diabetic patients was
evaluated on retrospective analysis of standard tests done for the assessment
of CAN. Three different  scoring systems were uti l ized for assessment of
CAN namely, Ewing’s crtieria, Bellavere’s criteria and the criteria followed
a t  the  Autonomic  Func t ion  Tes t  l abora to ry .  Al l  the  th ree  c r i t e r i a  use
different set of tests for classification. A total of 124 patients’ laboratory
data was analysed.  The abnormali ty of  s ingle test  ranged from 6.49% in
Valsalva Maneuver to 47.41% in cold pressor test. When Bellavere’s criteria
was used only  53 pat ients  had evidence of  CAN whi le  Ewing’s  cr i ter ia
revealed that 100 patients had CAN however 69 of these patients could not
be categorized. The criteria used by AFT laboratory revealed that isolated
sympathet ic  (49 pat ients)  and paraysmpathet ic  (10 pat ients)  abnormal i ty
can be seen in CAN along with those with combined deficits (42 patients).
If the Bellavere’s criteria is used then patients with dominant sympathetic
neuropathy are likely to be missed during testing. High prevalence of CAN
in  t e r t i a ry  ca re  r e fe r ra l  cen t re  sugges t s  tha t  the  t e s t ing  o f  au tonomic
functions in diabetics should be done routinely. It is recommended that full
ba t t e ry  o f  t e s t  to  eva lua te  bo th  the  a rms  o f  au tonomic  d r ive  namely
sympathet ic  and parasympathet ic  should be done and reported as  such.
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INTRODUCTION

Long s tand ing  d iabe tes  mel l i tus  i s
assoc ia ted  wi th  micro  and  macro  leve l
dysfunc t ion  in  mul t ip le  o rgan  sys tems .

Diabetic autonomic neuropathy may manifest
as  d i s tu rbances  in  ca rd iovascu la r ,
gastrointestinal or genitourinary system (1).
Diabe t ic  au tonomic  neuropa thy  i s  o f ten
an ignored complicat ion of  diabetes  as  the
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symptoms assoc ia ted  wi th  i t  a re  genera l ly
mild and are  not  l i fe  threatening.

Cardiac autonomic neuropathy (CAN) is
one of  the major  complicat ions of  diabetes
mellitus. It is also the most under diagnosed
and least  understood diabetic  complicat ions
(2) .  I t  genera l ly  mani fes t s  as  exerc i se
in to le rance ,  res t ing  tachycard ia  and
or thos ta t i c  hypotens ion .  Though  these
mani fes ta t ions  themse lves  a re  no t  l i fe
th rea ten ing ,  s tud ies  have  revea led  an
increase in all cause mortality in the diabetic
patients with CAN (1).  Meta-analysis of 15
s tud ies  has  demons t ra ted  the  d i rec t
association between the presence of CAN and
mortality (3). The pooled estimate based on
2,900 subjects was 2.14 with 95% CI of 1.83–
2.51 (3). The authors reported a relative risk
of  mor ta l i ty  o f  3 .4  i f  two or  more
abnormal i t i es  were  found  in  the  t es t s  fo r
CAN as compared to 1.2 if only one test was
abnormal .  The reason for  high mortal i ty  is
not clear though it  has been suggested that
neuropa thy ,  acce le ra ted  nephropa thy ,
assoc ia t ion  wi th  microangiopa thy  and
dis tu rbed  card iovascu la r  r i sk  p rof i l e  a re
impor tan t  con t r ibu tors .

The presence of CAN is diagnosed on the
basis  of  tes ts  of  autonomic react ivi ty .  The
criteria for the diagnosis were laid by Ewing
(4) and Bellavere (5).  Ewing’s cri teria was
based on tes ts  for  parasympathet ic  as  wel l
as  sympathet ic  components  (5  tes t s )  whi le
Bel lavere’s  cr i ter ia  was  based only  on the
tes t s  o f  parasympathe t ic  components  (3
tes t s ) .  The  Amer ican  Diabe tes  Assoc ia t ion
and American Academy of Neurology utilizes
the Bellavere’s criteria for diagnosis of CAN
(6).

The reported prevalence of diabetic CAN
is  var ied .  This  i s  genera l ly  due  to  the
d i f fe rences  in  the  c r i t e r ia  used  for  the
diagnosis of CAN and differences in patient
cohort i.e. community based study or referral
cen t re  s tudy  (1) .  The  repor ted  preva lence
ranges  f rom 7 .7% in  newly  d iagnosed
diabe tes  to  a  h igh  of  90% in  po ten t ia l
recipients of  a pancreas transplant  (1) .

According to WHO the burden of diabetes
mel l i tus  in  Ind ia  i s  31 .7  mi l l ion
(approximately 3% population) and projected
f igure  fo r  2030  i s  79 .44  mi l l ion  (7) .  Our
labora tory  has  ea r l i e r  pub l i shed  the
preva lence  of  CAN in  recen t ly  d iagnosed
diabe t ics  (8 ) .  In  the  p resen t  ana lys i s  the
prevalence of CAN in the patients of diabetes
mellitus was evaluated in a tertiary referral
centre using commonly used criteria namely
Ewing and Bellavere. Additionally, CAN was
also classified on the basis of parasympathetic
and  sympathe t ic  invo lvement  as  sugges ted
by San Antonio Consensus Panel (1988) and
prac t iced  in  the  Autonomic  Func t ion
Labora tory ,  Depar tment  o f  Phys io logy ,
AIIMS.

Pat ients  and  Methods

The  s tudy  was  ca r r ied  ou t  a t  the
Autonomic Funct ion Test  (AFT) laboratory
of the Department of Physiology,  All  India
Ins t i tu te  o f  Medica l  Sc iences ,  New Delh i .
Consecutive patients of diabetes mellitus who
were  re fe r red  to  the  AFT labora tory  f rom
January 2008 to June 2009 were included in
the  s tudy.  For  each pat ient ,  the  resul t s  of
the  s tandard ized  tes t  were  t aken  f rom the
laboratory records.  On the basis of the test
resu l t s ,  each  pa t ien t  was  scored  for  CAN.
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p iece  a t tached  to  sphygmomanometer .  The
expi ra tory  pressure  was  kep t  a t  40  mmHg
for 15 seconds. At the end of 15 seconds the
subjec t  was  asked  to  re lease  the  pressure .
Valsa lva  Ra t io  was  ca lcu la ted  f rom the
longes t  RR in te rva l  dur ing  phase  IV and
shortest  RR interval  during phase II .

Handgr ip  tes t

The  base l ine  b lood  pressure  was
recorded. The subject  was asked to press a
handgrip dynamometer at  30% of maximum
volunta ry  con t rac t ion  for  4  minutes .  The
blood pressure was recorded at 1st, 2nd and
4th  minute  of  cont rac t ion .  The r i se  in  the
d ias to l ic  p ressure  above  the  base l ine  was
no ted .

Cold  pressor  tes t

The  base l ine  b lood  pressure  was
recorded .  The  sub jec t  was  ins t ruc ted  to
immerse  the  r igh t  hand  in  the  co ld  wate r
(10 degree  Cels ius)  for  1  minute  upto  the
wris t .  The blood pressure was measured at
the  end  of  one  minute .  The  r i se  in  the
diastol ic  pressure over basel ine was noted.

Lying  to  s tanding  tes t

The  b lood  pressure  and  the  ECG was
recorded in supine position. The subject was
ins t ruc ted  to  a t t a in  s tand ing  pos ture  in
3  seconds .  The  ECG was  cont inuous ly
recorded  dur ing  the  p rocedure .  The  b lood
pressure was measured at   0 .5th,  1st ,  2nd,
2.5th and 5th min.  30:15 ratio was calculated
f rom ECG.  I t  i s  the  ra t io  o f  RR in te rva l
at  15th beat  and RR interval  a t  30th beat .
The  fa l l  in  sys to l ic  b lood  pressure  was
ca lcu la ted .

The cri teria for considering test  as normal,
borderline or abnormal is shown in Table 1.
All the five tests as described by Ewing were
done.  For  many tes ts ,  age  speci f ic  cutoffs
have  been  publ i shed  bu t  in  the  p resen t
analysis age specific cutoff were not used as
the  pr imary  purpose  was  to  compare  the
three  rou t ine ly  used  scor ing  sys tems  for
detection of CAN. The hospital records and
OPD records  were searched for  the  HbA1c
and durat ion of  diabetes .

Test for assessment of cardiovascular autonomic
s t a t u s

The test for the assessment of CAN was
done as per standard protocols published in
l i terature (10,  11,  12,  13) and pract iced in
the AFT laboratory,  AIIMS.

Deep breath ing  tes t  ( resp iratory  s inus
a r r h y t h m i a )

The heart rate and respiration monitoring
was  done  f rom the  ECG record ings  and
sthethographic respiratory tracings recorded
on the  polygraph (POLYRITE-4,  Recorders
and  Medicare  Sys tem,  Ind ia ) .  A  base l ine
recording of ECG and respiration was taken
for  30  seconds .  The  sub jec t  was  asked  to
take slow and deep inspiration followed by
s low and  deep  exp i ra t ion  such  tha t  each
brea th ing  cyc le  l as ted  fo r  10  seconds .
Calcu la t ion  was  done  f rom the  t rac ing  of
resp i ra t ion  and  ECG.  The  changes  in  the
heart rate between inspiration and expiration
were averaged over 6 cycles.

Valsa lva  Maneuver

I t  was  done  in  s i t t ing  pos i t ion .  The
patient was instructed to blow into a mouth
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The  scores  were  added  and  CAN was
classified as follows

0 – 1 = no CAN

2 – 3 = early CAN

4 – 6 = definite CAN

2 . Categor izat ion  as  per  Ewing’s  method  (5 )

Tes ts  used  for  scor ing :  Al l  the  t es t s
except  cold pressor  test .

The  scores  were  added  and  CAN was
classified as follows :

Normal  =  a l l  t e s t s  normal  o r  1  t es t
borde r l ine .

E a r l y = one of  the three heart  rate
tes ts  abnormal  or  two border l ine .

Defini te  = two hear t  tes ts  abnormal .

S e v e r e = two heart  tests  abnormal +
one or  both BP tes ts  abnormal .

Head up  t i l t  t e s t  (HUT)

Subject was asked to lie down on a head
up tilt table for 5 minutes and supine blood
pressure was measured. The table was tilted
in 15 seconds for 70° (4.8 deg/sec) and kept
in that  posi t ion for  5 minutes.  The subject
was asked to stand on the foot rest (passive
s tanding) .  The  maximum fa l l  wi th in  5
minutes  of  or thostas is  was noted.

Pat ien t s  were  scored  and  ca tegor i zed  as
follows :

1 . Categor izat ion  as  per  Be l lavere   cr i t er ia  (4 )

Tests used for scoring (Table I)

1 . Deep breathing test (delta heart rate)

2 . Valsalva maneuver (Valsalva Ratio)

3 . Lying to standing (30:15 ratio)

TABLE I : Tes t  fo r  a s sessment  o f  au tonomic  func t ion  wi th  cu t -o f f  l imi t s  (4 ,  5 ) .

T e s t P a r a m e t e r C r i t e r i a c a t e g o r y S c o r e

Deep  b rea th ing  t e s t  (DBT) Del ta  hea r t  r a t e  (bpm) > 1 5 N o r m a l 0
11–14 B o r d e r l i n e 1
< 1 0 A b n o r m a l 2

Valsa lva  Maneuvre  (VM) V R > 1 . 2 1 N o r m a l 0
1 .11–1 .20 B o r d e r l i n e 1

< 1 . 1 0 A b n o r m a l 2
Handgr ip  t e s t  (HGT) Change  in  d ias to l i c  b lood >  16 N o r m a l 0

pressure  (mmHg) 11–15 B o r d e r l i n e 1
< 1 0 A b n o r m a l 2

Cold  p ressor  t e s t  (CPT) Change  in  d ias to l i c  b lood >  16 N o r m a l 0
pressure  (mmHg) 11–15 B o r d e r l i n e 1

< 1 0 A b n o r m a l 2
Lying  to  s t and ing  t e s t  (LST) Fa l l  in  sys to l i c  p ressu re* <  10 N o r m a l 0
/Head-up  t i l t  (HUT) ( m m H g ) 11–20 B o r d e r l i n e 1

> 2 0 A b n o r m a l 2
30 :  15 ra t io > 1 . 0 4 N o r m a l 0

1 .01–1 .03 b o r d e r l i n e 1
< 1 . 0 1 A b n o r m a l 2

*Ewing’s  or ig inal  cr i ter ia  for  abnormal  was  fa l l  more  than 30 mmHg.  The cr i ter ia  were  modif ied  in  l ine
wi th  cu r ren t  de f in i t ion  o f  o r thos ta t i c  hypo tens ion  (9 ) .
†CPT i s  no t  inc luded  in  o the r  men t ioned  c r i t e r i a :  i t  i s  done  as  an  add i t iona l  t e s t  in  AFT labora to ry ,
AI IMS wi th  the  c r i t e r i a  men t ioned .
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3 . Categor izat ion  as  per  Autonomic  Funct ion
Laboratory ,  AIIMS (8 )

Tests  for  parasympathet ic  component

1 . Deep breathing test (delta heart rate)

2 . Valsalva maneuver (Valsalva Ratio)

3 . Lying to standing (30:15 ratio)

Tests  for  sympathet ic  component

1 . Lying to standing (change in systolic
blood pressure)

2 . Handgr ip  t es t  ( change  in  d ias to l ic
blood pressure)

3 . Cold pressor test (change in diastolic
blood pressure)

Scor ing  for  parasympathe t ic  and
sympathe t ic  component

Normal  =  a l l  t e s t  normal  o r  one  tes t
borde r l ine .

Ear ly  =  one  tes t  abnormal  o r  two tes t
borde r l ine .

Defini te  = two tests  abnormal .

RESULTS

One hundred and twenty four patients of
diabetes mellitus were referred to Autonomic

Funct ion Laboratory,  AIIMS from different
cl inical  departments for  autonomic function
testing between  January 2008 to July 2009.
The demographic  prof i le  of  the  pat ients  i s
shown in Table II .

Autonomic  funct ion  tes t s

Out of  124 pat ients ,  a l l  the tests  could
be  per formed on ly  in  76  pa t ien t s .  Some
patients could not perform the test requiring
physical  effor t  namely,  Valsalva maneuver ,
hand  gr ip  t es t  and  deep  brea th ing  tes t .
Valsalva maneuver was not done in patients
with diabetic ret inopathy.  Cold pressor test
was  no t  done  in  pa t ien t s  wi th  assoc ia ted
coronary artery disease. Table III shows the
resul ts  for  each test  in  the pat ients  on the
basis of cri teria mentioned in the Table I .

The Tables IV, V and VI shows the scoring
based  on  Bel lavere ,  Ewing  and  AFT lab

TABLE I I : Demograph ic  p ro f i l e  o f  the  pa t i en t s .

Parameters Patients (n=124)

Age (years)* 45.36±13.35
Male : Female (n) 79:46
Systolic BP (mmHg)* 123.08±19.41
HbA1c (n=39)* 7.62±1.95
Duration of DM (months) (n=39)† 3(1–12)

*Values  a re  expressed  in  Mean±SD.
†Values are expressed in median (1st–3rd quartile)

TABLE II I : Resu l t s  fo r  each  t e s t  done  in  the  pa t i en t s .

T e s t Parameter Total B A b % Ab

Deep breathing test Delta heart rate 124 26 43 34.67
Valsalva Maneuver Valsalva ratio 077 04 05 06.49
Handgrip test Rise in diastolic pressure 122 26 56 45.90
Cold pressor test Rise in diastolic pressure 116 26 55 47.41
Head up tilt/Lying to standing Fall in systolic pressure 120 43 15 12.50

30 : 15 121 01 21 17.35

B = border l ine ,  Ab = Abnormal ,  % Ab = percen tage  o f  pa t i en t s  wi th  abnormal  t e s t  r e su l t .
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used .  Us ing  Ewing’s  c r i te r ia ,  100  pa t ien ts
were  d iagnosed  as  hav ing  CAN but  69
patients could not be fitted into the categories
as  descr ibed  by  Ewing .  Us ing  AFT lab
criteria 101 patients were found to be having
CAN.

The table VII shows genderwise result of
each  tes t  o f  au tonomic  func t ions  (F ig .  1 ) .
No differences were found between the males
and female  pat ients .

To unders tand the  re la t ionship  between
autonomic  def ic i t  and  age ,  dura t ion  of
disease and HbA1c of the patient, Pearson’s
correlation analysis was performed. For each
pa t ien t ,  f i r s t  the  score  was  normal ized  to
the number of tests  ( total  score divided by
number of tests) that were performed by that

TABLE IV : Categor iza t ion  as  per  Bel lavere  cr i te r ia .

C a t e g o r y Number  o f  pa t i en t s

Normal  ( score  0–1) 7 1
Ear ly  ( score  2–3) 3 5
Def in i t e  ( score  4–6) 1 8

TABLE V :  Ca tegor iza t ion  as  pe r  Ewing’s  c r i t e r i a .

C a t e g o r y Number of patients

N o r m a l 2 4
E a r l y 1 1
D e f i n i t e 0 0
S e v e r e 2 0
Not classified as per strict  Ewing’s
cri teria but have abnormal test 69

TABLE VI : Ca tegor iza t ion  (Parasympathe t i c  and
Sympathe t i c  dys func t ion)  a s  pe r  AFT
lab  c r i t e r i a .

C o m p o n e n t Borderline Abnormal

Parasympathetic (irrespective
of sympathetic status) 21 52
Parasympathetic but no
sympathetic abnormality 17 10
Sympathetic (irrespective
parasympathetic status) 17 91
Sympathetic but no
parasympathetic abnormality 1 3 4 9
Sympathet ic + parasympathet ic 04 42

TABLE VII : Gender  wise  loss  o f  au tonomic  func t ion .

Male (n=78) Females (n=46)
T e s t Parameter

% Ab % B % Ab % B

Deep  b rea th ing  t e s t De l t a  hea r t  r a t e 37 .17 21 .79 22 .22 31 .11
Valsa lva  Maneuver Valsa lva  ra t io 08 .70 04 .34 03 .44 06 .89
Handgr ip  t e s t R i se  in  d ias to l i c  p ressure 39 .47 23 .68 60 .86 10 .86
Cold  p ressor  t e s t Rise  in  d ias to l i c  p ressure 47 .88 16 .90 44 .44 22 .22
Head  up  t i l t /Ly ing  to  s t and ing Fa l l  in  sys to l i c  p ressure 15 .78 14 .47 09 .09 13 .63

30 :  15 18 .42 01 .31 15 .55 –

%Ab = percentage of patients with abnormal test result. %B = percentage of patients with borderline test result.

cr i teria respectively.  Only 53 patients were
diagnosed for CAN if Bellavere criteria was

Fig .  1 : Gender  wise  r e su l t  o f  each
tes t  o f  au tonomic  functions.
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pa t ien t .  The  score  was  kep t  as  dependent
var iable  wi th  age ,  dura t ion  of  d isease  and
HbA1c was independent variable (Table VIII,
F ig .  2 ) .  The  au tonomic  def ic i t  was
s ign i f ican t ly  cor re la ted  on ly  wi th  the
duration of disease but not with age of the
patient or the level of HbA1c.

DISCUSSION

The cardiovascular  autonomic  s ta tus  of
the  diabet ic  pat ients  referred to  autonomic
function laboratory, AIIMS was analyzed in
the current  s tudy.  124 pat ients  of  diabetes
were  re fe r red  in  18  months  ( January
2008  to  Ju ly  2009)  f rom var ious  c l in ica l
departments.  The study shows that  diabetes
af fec t s  parasympathe t ic  f ibers  and
sympathe t ic  f ibers  independent ly .  Hence
the tests should be conducted independently
for  the  d iagnos ing  sympathe t ic  and
parasympathe t ic  def ic i t s  and  repor ted  as
such .  At  a  t e r t i a ry  re fe r ra l  cen t re  the
prevalence of CAN in diabetics is high (>80%).

San  Antonio  Consensus  Pane l  had
sugges ted  tha t  t es t s  fo r  parasympathe t ic

TABLE VII I : Cor re la t ion  coef f i c i en t  and  ‘P’  va lue
of  the  Pea r son’s  co r re la t ion  ana lys i s
be tween  au tonomic  score  and
independen t  va r i ab les  (n=  39) .

Independen t  var iab le r P  va lue

A g e – 0 . 0 2 0 .901
Dura t ion  o f  d i sease 0 .544 0 .001
HbA1c – 0 9 4 0 .570

Fig .  2 : Sca t t e r  p lo t  o f  Average  score
and  dura t ion  o f  d i sease .

Fig .  3 : Venn  d iagram to  show the  p reva lence  o f
sympathetic and parasympathetic dysfunction
in  124  pa t i en t s .
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The  s tudy  shows  tha t  the  au tonomic
abnormality as assessed on the basis of single
test  varies from 6.49% in Valsalva ratio to
47.41% in handgrip test .  Thus,  i f  only one
tes t  i s  used  CAN is  l ike ly  to  be  missed .
Increase  in  the  number  o f  t es t s  as  in
Bel lavere’s  cr i ter ia  led to  ident i f icat ion of
53  pa t ien t s  o f  CAN f rom 124  pa t ien t s
(42.74%).  The Bellavere’s  cr i ter ia  uses the
hear t  r a te  changes  in  th ree  t es t s  tha t
represen t  the  parasympathe t ic  component .
The tests for sympathetic component are not
considered in the Bellavere criteria. Ewing’s
cr i t e r ia  uses  the  tes t s  fo r  parasympathe t ic
as  wel l  as  sympathe t ic  component  bu t  the
sympathe t ic  component  i s  used  on ly  for
d iagnos i s  o f  severe  CAN.  The  tes t s  fo r
sympathe t ic  component  a re  no t  cons idered
for early changes of CAN. As a result when
Ewing’s cri teria are applied,  69 out of 100
pa t ien t s  cannot  be  c lass i f i ed  even  though
abnormal i t ies  were  de tec ted  in  100  out  of
124 patients (80.64%).



126 Khande lwa l  e t  a l Ind ian  J  Phys io l  Pharmaco l  2011 ;  55(2 )

and  sympathe t ic  should  be  conduc ted
independent ly .  When  ana lyzed  separa te ly ,
the  resu l t s  show tha t  pure  sympathe t ic
abnormality is seen in 49 patients and pure
parasympathetic abnormality is seen in only
10  pa t ien t s  whi le  combined  abnormal i t i es
were seen in 42 patients (Fig. 3). The result
sugges t  tha t  sympathe t ic  abnormal i ty  i s
more  common than  parasympathe t ic
component and that i t  is  not necessary that
parasympathet ic  dysfunct ion is  fol lowed by
the development of sympathetic dysfunction,
an  assumpt ion  tha t  i s  made  by  Ewing’s
criteria as well as by San Antonio Consensus
P a n e l .

Our  da ta  sugges t s  tha t  even  when  the
known dura t ion  of  d i sease  i s  l ess ,  the
autonomic dysfunction is likely to be present
because  the  dura t ion  of  d iabe tes  p r io r  to
diagnosis  is  uncer ta in  and this  durat ion of
unknown period may be long due to lack of
regu la r  rou t ine  check-ups .  The  longer  the
duration of diabetes,  the more l ikely is the
occurrence of  hyperglycemic states  even in
adequately controlled diabetic.  The posit ive
correlation between duration of diabetes type
I I  and  au tonomic  neuropa thy  has  been
reported by Phil ips  JC (14)  Ninkovic (15) ,
Valensi (16).

The  au tonomic  scores  d id  no t  cor re la t
s ign i f ican t ly  e i ther  wi th  the  age  of  the
patient or with HbA1c. The age of patient at
which the diabetes  develops and diagnosed
is  var iab le .  An  e lder ly  pa t ien t  may  have
diabe tes  o f  few months  dura t ion  whi le  a
middle age patient may have diabetes of few
years duration. It  is the duration of disease
ra ther  than  the  age  of  pa t ien t  tha t  i s
independent risk factor for the development
of autonomic dysfunction (17, 18).

The diabetes is caused by hyperglycemia
and i t  i s  in tui t ive  to  accept  that  sus ta ined
hyperglycemia as estimated by HbA1c should
cor re la te  wi th  occur rence  of  d iabe t ic
compl ica t ions  l ike  au tonomic  dysfunc t ion .
Long term prospect ive  s tudies  have  shown
that  mean HbA1c over t ime correlates with
sever i ty  o f  the  au tonomic  dysfunc t ion
(Larsen  2004(19) ,  Ko.  2008  (20) ) .  These
relationship have been established for mean
HbA1c in longitudinal studies over 18 years
and 7 years rather than a single point HbA1c.
A single point HbA1c in a patient under Using
Stepwise  regress ion ,   Pavy-Le Teron e t  a l
(21)  showed tha t  o f  scor ing  of  au tonomic
neuropa thy  per  Ewing’s  score  d id  no t
correlate with HbA1c levels  of  the patient .
Other means of assessing severity of diabetes
such as HOMA may be better predictors of
autonomic dysfunct ion.

Presence of CAN has been correlated with
increase  in  morb id i ty  and  mor ta l i ty  (1 ) .
Presence of CAN increases the risk of intra-
opera t ive  and  per i -opera t ive  hemodynamic
instabil i ty (22),  intra-operative hypothermia
(23), development of orthostatic hypotension
and si lent  myocardial  infarct ion.  Given the
h igh  inc idence  of  d iabe tes  and  h igh
prevalence of CAN, i t  is  recommended that
testing for CAN should be done as a routine
work-up of diabetic patients. The procedures
for  performing tes ts  for  de tec t ion  of  CAN
are safe ,  non-invasive and require  minimal
i n f r a s t r u c t u r e .

Limitat ions  o f  the  s tudy

The study was retrospective and data was
obtained from the laboratory records. All the
pa t ien t s  were  re fe r red  to  AFT labora tory
for  t es t ing  thus  the  re fe r ra l  b ias  may
overes t imate  the  p reva lence .
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