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Abstract : The study was conducted to assess the ocular and cardiovascular
autonomic funct ion in diabet ic  pat ients  with varying severi ty of  diabet ic
re t inopa thy .  Ocu la r  and  ca rd iovascu la r  au tonomic  func t ion  t e s t s  were
performed in 30 patients with type 2 Diabetes Mellitus (10 in each group
of  p ro l i f e ra t ive  r e t inopa thy ,  non-pro l i f e ra t ive  r e t inopa thy  and  no
retinopathy) of more than 5 years duration and 10 normal controls. Ocular
autonomic  funct ion  tes t s  were  done  by  measur ing  pupi l  cyc le  t ime and
denerva t ion  hypersens i t iv i ty  wi th  0 .125% p i loca rp ine  and  0 .5%
pheny lephr ine .  Card iovascu la r  au tonomic  func t ion  was  measured  by  a
ba t t e ry  o f  s t andard  t e s t s .  Denerva t ion  hypersens i t iv i ty  to  0 .125%
pi loca rp ine  and  to  0 .5% pheny lephr ine  and  pup i l  cyc le  t ime  showed
statistically significant differences (P value < 0.001) between controls and
pa t i en t s  wi th  p ro l i f e ra t ive  r e t inopa thy  (PDR)  and  a l so  be tween  no
retinopathy and PDR (P<0.001). Systemic autonomic function tests namely
expiration – inspiration ratio, difference in heart rate,  30th beat and 15th
beat  ra t io  in  head  up  t i l t  and  d i f fe rence  in  d ias to l ic  b lood pressure  in
head  up  t i l t  t e s t  a l so  showed  s ign i f i can t  d i f fe rence  (P < 0 .01)  be tween
controls and al l  3 groups of diabetics.  There was stat ist ically significant
difference found in para-sympathetic ocular autonomic dysfunction between
NPDR and  con t ro l s .  Ocu la r  and  sys temic  au tonomic  dys func t ions  a re
re la ted to  the  sever i ty  of  d iabet ic  re t inopathy.
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I N T R O D U C T I O N

Prol i fe ra t ive  d iabe t ic  re t inopa thy ,  a
b l ind ing  compl ica t ion  of  d iabe tes  mel l i tus
(DM) is associated with several risk factors
namely  -  dura t ion  of  d iabe tes ,  poor ly
contro l led  hyperglycaemia  and presence  of
autonomic  neuropathy (1 ,  2) .

The  d i f fe ren t  types  o f  d iabe t ic
re t inopa thy  inc lude  pro l i fe ra t ive
re t inopa thy ,  nonpro l i fe ra t ive  background
diabe t ic  re t inopa thy  and  d iabe t ic
maculopa thy .  Pro l i fe ra t ive  re t inopa thy  i s
charac te r i sed  by  the  p ro l i fe ra t ion  of  new
vessels  on the  disc  or  re t ina ,  maculopathy
with  exudat ion of  f lu id  and l ip id  exudates
in  the  macula  and  background  re t inopa thy
inc ludes  p resence  of  do t  and  b lo t
haemorrhages ,  re t ina l  micro infa rc t s  and
other  exuda tes  wi th  microvascu la r
anomal ies  wi thout  the  spec i f ic  changes  of
the  o ther  two types  o f  re t inopa thy .  The
pa thogenes i s  o f  d iabe t ic  re t inopa thy  i s
complex  and  involves  changes  re la ted  to
hyperg lyacemia ,  inc reased  permeabi l i ty  o f
the  re t ina l  vascu la tu re  and  hypoxia .

The  normal  choro ida l  c i rcu la t ion  i s
controlled by autonomic regulation,  but  the
re t ina l  vascu la tu re  has  au toregula to ry
mechanisms  re la ted  to  t i s sue  oxygena t ion ,
level  of  carbon dioxide and t issue pH.

Sys temic  and  loca l  au tonomic
dysfunc t ions  have  been  iden t i f i ed  as
associa ted factors  l inked with  prol i fera t ive
retinopathy, but the two may not necessarily
have a  d i rec t  cause-effect  re la t ionship .

Diabe t ic  au tonomic  neuropa thy  i s
usua l ly  asymptomat ic  and  a f fec t s  10–40%

of  d iabe t ic  pa t ien t s .  The  eyes ,  hear t  and
blood vessels can be involved secondary to
d iabe t ic  au tonomic  neuropa thy  (3) .  Smi th
pos tu la ted  tha t  pup i l l a ry  changes  come
before  ca rd iovascu la r  changes  in  d iabe t ic
au tonomic  neuropa thy  (4) .  A s t rong
assoc ia t ion  was  a l so  found  be tween  the
sever i ty  o f  d iabe t ic  re t inopa thy  and
card iovascu la r  au tonomic  dysfunc t ion  in
diabetic patients (5). Autonomic dysfunction
of the pupil can be assessed by two methods
(a)  es t imat ion of  pupi l  cycle  t ime and (b)
pharmacological tests based on the principle
of  denerva t ion  hypersens i t iv i ty .

The  pupi l  cyc le  t ime ,  a  s imple ,  non-
invas ive  reproduc ib le  t es t ,  has  been
shown to  be  e f fec t ive  in  de tec t ing
au tonomic  dysfunc t ion  in  var ious  d i seases
inc lud ing  d iabe tes  mel l i tus .  Denerva t ion
hypersens i t iv i ty ,  an  increased  response  of
a  denerva ted  t i s sue  to  an  agonis t
neurot ransmi t te r  or  o ther  chemica l  agonis t
after deprivation of its nerve supply, is the
bas i s  fo r  ano ther  se t  o f  t es t s  o f  ocu la r
autonomic function. Thus, diluted pilocarpine
constr ic ts  a  parasympathet ical ly  denervated
pupi l  and  d i lu ted  phenylephr ine  d i la tes
a  sympathe t ica l ly  denerva ted  pupi l  bu t
wi l l  usua l ly  have  no  e f fec t  on  a  normal
pupil  (6).

Recent years have witnessed an upsurge
of  au tonomic  func t ion  assessment  to
d iagnose  neura l  o r  ca rd iovascu la r
involvement secondary to diabetic autonomic
neuropa thy  as  ea r ly  as  poss ib le .  Diabe t ic
re t inopa thy  presen ts  in  s tages :  non-
pro l i fe ra t ive  d iabe t ic  re t inopa thy  (NPDR)
and proliferative diabetic retinopathy (PDR).
The  card iovascu la r  au tonomic  involvement
i s  g radua l  and  the  two d iv i s ions  o f  the
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au tonomic  nervous  sys tem are  involved  a t
vary ing  s tages  o f  d iabe tes  mel l i tus .
Considering this stage-wise involvement, we
proposed  to  s tudy  the  overa l l  au tonomic
funct ion and ret inal  involvement  in  type 2
DM in a  cross sect ional  s tudy design.

MATERIALS AND METHODS

The s tudy  was  approved  by  the
Ins t i tu t iona l  Review Board .  Pa t ien t s  wi th
type  2  DM of  more  than  5  years  dura t ion
were screened and selected for the study. A
total of 30 patients with different grades of
retinopathy (no retinopathy, non-proliferative
d iabe t ic  re t inopa thy ,  p ro l i fe ra t ive  d iabe t ic
retinopathy, n=10 each) and 10 age matched
normal  persons  were  rec ru i ted  a f te r
exc lud ing  sub jec t s  wi th  any  de tec tab le
abnormality which may affect the pupil and
those  wi th  any  o ther  sys temic  d i sease  o r
tak ing  any  medica t ion  known to  a f fec t
au tonomic  func t ion .  Pa t ien t s  wi th  uve i t i s ,
rubeosis  i r idis ,  glaucoma,  ocular  t rauma or
ocular surgery were also excluded. Informed
consent  was obtained from al l  the  pat ients
inc luded  in  the  s tudy .

Fast ing and post-prandial  blood glucose
and  g lycosy la ted  hemoglobin  leve l s  were
assessed  in  a l l  pa t ien t s .  A  de ta i l ed
ophtha lmologica l  eva lua t ion  was  done
including testing of visual acuity,   refraction,
s l i t  l amp examina t ion ,  measurement  o f
in t raocu la r  p ressure  and  de ta i l ed  fundus
examina t ion  by  ophtha lmoscopy.

Ocular  autonomic  funct ion  tes t s

Pupi l lary  t es t s :

Pupi l  d iameter  was  recorded  accord ing
to the method described by Sharma et al (7)

by  us ing  a  s l i t  l amp mounted  an te r io r
segment  camera  and  tak ing  photographs
under  s tandard  background  i l lumina t ion .
The same distance between the camera and
the  eye  of  the  sub jec t  was  main ta ined  in
every  case  by us ing a  meta l l ic  rod  p laced
over  the  f ron tozygomat ic  su ture .  Same
magnification was used for all  the patients.
Pat ients  were  asked to  look a t  a  target  in
the  d i s tance  to  min imize  any  cons t r ic t ion
due  to  the  accommodat ive  re f lex  (7) .
Horizontal pupil diameter was then assessed
by placing a translucent  grid accurate upto
0 .1  mm over  the  photograph  of  the  pupi l
and  measured  us ing  a  s tandard  magni f ie r .
Measurements  were  ver i f i ed  by  a  masked
obse rve r .

(a) Denerva t ion  hypersens i t i v i t y  t es t :
Parasympathe t ic  t es t .

One drop  of  0 .125% pi locarp ine  was
insti l led in the conjunctival sac of both
eyes.  Photographs were obtained before
and  45  minutes  a f te r  ins t i l l a t ion  of
pilocarpine. Pilo-pupil ratio average was
obta ined  by  tak ing  the  average  of  the
ratio of the two eyes.

Pilo pupil ratio
Pupil diam eter after pilocarpine

Pupil diam eter before pilocarpine
− =

(b) Denerva t ion  hyper  sens i t i v i t y  t es t :
Sympathe t ic  t es t .

Phenylephr ine  pupi l  r a t io  average  tes t
i s  cons idered  as  a  measure  of
sympathetic dysfunction. In this test one
drop of 0.5% phenylephrine was instilled
in  the  two eyes  and  photographs  were
taken  before  and  45  minutes  a f te r
ins t i l la t ion  of  0 .5% phenylephr ine .
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Phenylephrine pupil ratio =  
Pupil diam eter after 0.5% phenylephrine

Pupil diam eter before 0.5% phenylephrine

Phenylephr ine  pupi l  ra t io  average  was
obta ined  by  tak ing  the  average  of  two
eyes .

(c) Pupil  cycle t ime (PCT)

Pupi l  cycle  t ime was measured in  both
eyes  o f  a l l  sub jec t s  us ing  the  method
descr ibed by Mil ler  and Thompson (8) .
The  pa t ien t  was  sea ted  a t  a  s l i t  l amp
and was asked to look at  a  dis tance in
a  d imly  i l lumina ted  room.  A th in
hor izon ta l ly  a l igned  beam of  l igh t  o f
modera te  in tens i ty  and  0 .5  mm wid th
was focused from below at  the infer ior
pupi l l a ry  marg in  to  in i t i a te  cyc l ic
constriction and dilation. The pupil cycle
was measured by a hand held electronic
s topwatch  measur ing  1 /100th  of  a
second .  The  t ime  taken  by  100  cyc les
(two runs of 50 cycles each) in seconds
was multiplied by ten to obtain the PCT
in mil l iseconds.

d ) The  pupi l s  o f  a l l  pa t ien t s  were  fu l ly
d i la ted  a f te r  ins t i l l ing  one  drop  of
Tropicacyl  plus (a combination of 0.8%
trop icamide  and  5% phenylephr ine)  in
each  eye  th ree  t imes  a t  5  minutes
in te rva l .  The  pupi l  pho tograph  was
taken  a f te r  45  minutes  and  pupi l  s ize
measured  by  the  above  ment ioned
method  to  ru le  ou t  any  myogenic
pathology in  the  i r is .

Systemic  autonomic  funct ion  tes t s

A s tandard  se t  o f  ca rd iovascu la r  t es t s
was  per formed in  a l l  the  sub jec t s .  These

tes t s  inc luded  (a )  deep  brea th ing  tes t  (b )
Isometric hand-grip test (c) Head-up tilt and
(d) cold face test.

Af te r  s i t t ing  in  a  cha i r ,  sub jec t s
per formed deep  brea th ing  a t  the  ra te  of  6
minutes .  Af te r  t ak ing  res t  fo r  10  minutes
in supine position, head-up tilt test (70° tilt
over  15 seconds)  was done.  Hand-grip test
was  done  by  squeez ing  hand dynamometer
a t  30% of  maximum voluntary  cont rac t ion
for  4  minutes .  In  co ld  face  tes t  a  bag
containing ice was placed over the forehead
for 30 seconds (9). ECG and respiration were
recorded and monitored cont inuously.  With
deep  brea th ing  E: I  ra t io  ( ra t io  o f  R-R
in te rva l  dur ing  expi ra t ion  and  insp i ra t ion)
and  d i f fe rence  in  hear t  ra te  ( Insp i ra t ion  -
Expira t ion)  were  ca lcula ted .  With  head up
tilt  30:15 ratio (ratio of 30th beat and 15th
bea t )  and  maximum fa l l  in  sys to l ic  b lood
pressure was measured. With hand grip test
maximum r i se  o f  d ias to l ic  b lood  pressure
was calculated. In cold face test,  change in
hear t  r a te  was  ca lcu la ted .

S ta t i s t i ca l  ana lys i s  was  ca r r ied  ou t  by
apply ing  Kruska l -Wal l i s  one  way  ana lys i s
of  var iance  (ANOVA) and  mul t ip le  range
test was applied to see significant difference
be tween  var ious  pa i r s .  A  cu t  o f f  l eve l  o f
0 .935  (< 2SD of  normal  mean)  va lue  of
p i lopupi l  ra t io  average  was  taken  as  an
indicat ion of  ocular  autonomic neuropathy.

Huber et al found that the diabetic pupil
di lates  poorly af ter  laser  therapy compared
to  p re lase red  d iabe t ic  pup i l s  (10) .  Hence ,
in  pa t ien t s  wi th  p ro l i fe ra t ive  d iabe t ic
retinopathy we recorded the pupil cycle time
and  d id  the  phenylephr ine  tes t  be fore
panre t ina l  photocoagula t ion  was  per formed
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as  indicated.  The pi locarpine and systemic
tests were done later. This was done to avoid
delay in laser treatment of the ret inopathy.

R E S U L T S

There was no s ignif icant  dif ference for
age ,  dura t ion ,  b lood  g lucose  leve l  and
glycosy la ted  haemoglobin  in  the  d i f fe ren t
groups of  diabet ic  pat ients  (Table I) .

There  was  a  s ign i f ican t  d i f fe rence  in
expi ra t ion :  insp i ra t ion  ra t io ,  d i f fe rence  in

hear t  ra te ;  30 th  bea t  :15 th  bea t  ra t io ,
d i f fe rence  in  d ias to l ic  b lood  pressure
between normal controls and diabetics with
re t inopa thy .  No s ign i f ican t  d i f fe rence  was
found in cold face test  and fal l  in systolic
b lood  pressure  dur ing  head-up  t i l t  t e s t
(Table II) .

Pilo-pupil  rat io average and pupil  cycle
t ime  showed s ign i f ican t  d i f fe rence  among
dif ferent  levels  of  re t inopathy (Table  I I I ) .
Both  tes t s  d id  no t  show any  s ign i f ican t
d i f fe rence  be tween  normal  con t ro l s  and

TABLE I : Cl inical  and biochemical  parameters  in  controls  and pat ients  wi th
varying sever i ty  of  d iabet ic  re t inopathy (values  are  mean ± SD).

Contro l No  Re t inopa thy N P D R P D R P va lue•
(1) (2) (3) (4)

Age (yrs) 48.9± 8.79 56.0± 9.94 57.7± 6.58 52.2±8.75 0.118
Dura t ion  (years ) 11.9± 4.41 12.7± 4.88 11.7±4.45 0.876
FBS (mg%) 84.4± 6.72 152.2± 67.9 146.7± 30.94 153.5±48.04 <0.001*
PPBS (mg%) 98.4± 10.4 180.1± 76.34 204.6± 45.80 199.6±51.38 <0.001*
HbA1C (%) 9.4± 3.2 9.3± 2.63 9.7±1.89 0.939

•By Kruskal-Wall is  ANOVA tes t
*(1, 4) (1, 3) (1, 2) these pairs contribute p value <0.001 by multiple range test
FBS :  Fasting blood sugar;  PPBS :  Post-prandial  blood sugar;  HbA1C :  Glycosylated haemoglobin

TABLE II : Sys temic  Autonomic  Funct ion .

T e s t Con t ro l No Ret N P D R P D R P value M R T
p a r a m e t e r s (1) (2) (3) (4)

E:1 1.393± 0.065 1.212± 0.09 1.186± 0.19 1.132± 0.04 <0.001 (1,4) (1,3) (1,2)
D H R 27.8± 5.83 17.4± 5.22 17.6± 7.29 13.3± 3.13 <0.001 (1.4) (1,3) (1,2)
30:15 1.21± 0.148 1.08± 0.05 1.12± 0.075 1.10± 0.06 <0.014 (1,4) (1,3) (1,2)
C F T 1.087± 0.04 1.042± 0.024 1.038± 0.065 1.043± 0.079 0.244 N S
∆d B P 12.8± 2.86 12.0± 1.27 6.0± 4.9 3.6± 3.24 <0.001 (1,4) (1,3) (1,2)
∆ sBP 8.0± 2.83 8.4± 2.63 11.8± 6.7 14.4± 8.79 =0.95 N S

Parasympathetic test -  E :1 :  Expiration :  Inspiration; DHR : Difference in heart rate; 30:15:30th beat;  15th
beat; CFT : Cold face test; Sympathetic test - ∆dBP : difference in diastolic blood pressure; ∆sBP : difference
in systolic blood pressure;  MRT :  Multiple range test ,  shows that  s ignificant  p value is  contributed by the
pairs  ment ioned in  the  column.
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diabetic a with no retinopathy, Phenylephrine
pupi l  ra t io  average  showed a  s ign i f ican t
difference between normals and proliferative
d iabe t ic  re t inopa thy  and  be tween  no
re t inopa thy  and  pro l i fe ra t ive  d iabe t ic
re t inopathy  (Table  I I I ) .

Taking the pilo-pupil ratio average value
that was below the 95% confidence limit as
abnormal, we found abnormal pilo-pupil rat io
average in 100% of patients with proliferative
diabet ic  re t inopathy;  80% of  pa t ients  wi th
non-prol i fera t ive  diabet ic  re t inopathy;  30%
pat ien t s  wi th  no  re t inopa thy  and  10% of
normal controls  (Table IV).

D I S C U S S I O N

The d i f fe ren t  g roups  of  d iabe t ics  were
comparable  regarding durat ion of  d iabetes ,
level of glycosylated hemoglobin, fasting and
pos t -prandia l  b lood  sugar ,  sys to l ic  and
dias to l ic  b lood  pressure .  We a re  no t  sure
about  the  l eve l  o f  hyperg lycaemia  in  the
preced ing  years  and  there fore  cannot
comment on the past  levels  of  blood sugar
and long term control accurately. As far as
the  dura t ion  of  d iabe tes  i s  concerned  a l l
pat ients  had a recorded history of  diabetes
mellitus for 5 years. However, we are not sure
about  the  exac t  t ime  of  onse t  o f  d iabe tes
mellitus as type 2 diabetes mellitus is initially
asymptomat ic .  We exc luded  pa t ien t s  wi th
known hyper tens ion  f rom our  s tudy .

Our study clearly suggests  that  there is
an  assoc ia t ion  of  sever i ty  o f  re t inopa thy
wi th  sever i ty  o f  au tonomic  neuropa thy  in
type  2  DM.  This  conf i rms  the  f ind ing  of
Smith et al (5) and Krolewski et al (11) and
also shows that different types of autonomic
func t ion  per formed on  the  same sub jec t s
g ive  s imi la r  resu l t s .

TABLE III : Ocular  Autonomic Funct ion (Values  are  in  mean±SD).

Test of autonomic Control No Ret N P D R PDR P value M R T
functions (1) (2) (3) (4)

Test of parasympathetic
funct ions

Pilo-pupil ratio average 0.991± 0.028 0.957± 0.042 0.873± 0.089 0.792± 0.092 <0.001 (1,4) (1,3) (2,4) (2,3) (3,4)
Pupil cycle time 860.0± 17.14 874.6± 26.15 946.7± 81.25 1079.7± 101.78 <0.001 (1.4) (2,4) (3,4) (1,3) (2,3)

Test of parasympathetic
funct ions

Pheny lephr ine  pup i l 1.184± 0.174 1.25± 0.128 1.412± 0.21 1.57± 0.328 <0.01 (1,4) (2,4)
ra t io  ave rage

MRT – Multiple range test results show significant P value is contributed by the pairs mentioned in the column.

TABLE IV : Patients with values outside 95% confidence
limits of normal mean of different
pharmacologic pupillary autonomic function
tes t s .

Normal No Non- Proli-
retinopathy proliferative ferative

diabetic diabetic
retinopathy retinopathy

Pilo-pupil 10% 30% 80% 100%
ratio average
Phenyle- 0% 0% 30% 50%
phrine pupil
ratio average
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The pupil cycle time (PCT), also known
as edge l ight  pupil  cycle t ime,  depends on
the  s t ruc tura l  in tegr i ty  o f  the  i r i s  and
pupillary reflex. It is a good detector of the
parasympathet ic  efferent  l imb of  the ref lex
arc (12). In this study we found significantly
pro longed  pupi l  cyc le  t ime  in  pa t ien t s
wi th  non-pro l i fe ra t ive  and  pro l i fe ra t ive
re t inopa thy  compared  to  tha t  o f  normal
cont ro l s  and  pa t ien t s  wi th  no  re t inopa thy .
This agrees with the findings of Clark who
found prolonged pupil cycle time in patients
wi th  p ro l i fe ra t ive  re t inopa thy  (13) .  Our
s tudy  has  add i t iona l ly  shown tha t  pup i l
cycle time (PCT) in PDR is more prolonged
than  tha t  o f  NPDR.  S ince  there  may be
depos i t ion  of  g lycogen ,  l ip id  and  vacuole
format ion  in  the  i r i s  o f  d iabe t ic  pa t ien t s
(14) ,  a l l  sub jec t s  were  fu l ly  d i la ted  wi th
Tropicacyl  plus  (0 .8% tropicamide and 5%
phenylephr ine  combinat ion)  and  pupi l  s ize
measured to  ru le  out  i r i s  myopathy.  There
was  no  s ign i f ican t  d i f fe rence  be tween
normal and diabetic patients, indicating that
there  was  no  c l in ica l  ana tomica l  i r i s
pathology in the group of patients included
in  th i s  s tudy .

I t  i s  we l l  e s tab l i shed  tha t  ocu la r
sympathetic and parasympathetic denervat ion
occurs in diabetes (4, 13, 15, 16, 17). Increased
response  to  d i lu ted  sympathomet ic  and
parasympathomimet ic  i s  the  charac te r i s t i c
of  denerva t ion  hypersens i t iv i ty .

Cla rk  found  38 .4% of  pa t ien t s  wi th
pro l i fe ra t ive  d iabe t ic  re t inopa thy  had
sympathe t ic  denerva t ion  (13) .  The
phenylephr ine  tes t  performed in  th is  s tudy
wi th  resu l t s  expressed  in  t e rms  of  the
phenylephr ine  pupi l  ra t io  average  gave
similar results.  We found the phenylephrine
pupi l  ra t io  average  to  be  a  usefu l  method

for  record ing  and  ana lyz ing  ocu la r
sympathe t ic  func t ion .

P i lo -pupi l  ra t io  average  showed
s ign i f ican t ly  d i f fe ren t  va lues  be tween
di f fe ren t  g roups  of  d iabe t ics :  be tween
normal  and  pro l i fe ra t ive  d iabe t ic
re t inopa thy  and  be tween  normal  and  non-
pro l i fe ra t ive  d iabe t ic  re t inopa thy .  Sharma
et  a l ,  found good corre la t ion of  p i lo-pupi l
rat io  average with prol i ferat ive ret inopathy
(7)  and  Clark  found  parasympathe t ic
neuropa thy  in  36% of  pa t ien t s  wi th
prol i fera t ive  re t inopathy (13) .  We se lec ted
only  type 2  d iabet ic  pat ients  in  whom the
incidence of autonomic neuropathy is known
to  be  h igher  (18) .  Clark  inc luded  pa t ien ts
wi th  type  1  and  type  2  d iabe tes  mel l i tus .
10% of normals in our study had pilo-pupil
ra t io  average  va lues  ou ts ide  the  95%
conf idence  l imi t s  (Table  IV)  which  i s
s imi la r  to  Cla rk’s  f ind ings  of  abnormal
parasympathe t ic  va lues  by  0 .125%
pilocarpine test in 5% of normals (mean age
of normals in Clark’s study was 53.1 ± 10.1
y e a r s ) .

Our study also suggests that  ocular and
sys temic  parasympathe t ic  involvement
appears earlier than sympathetic involvement.
This  co inc ides  wi th  the  resu l t s  o f
Lanting et al (17) though Sigsbee et al (15),
and  Al io  e t  a l  (16)  had  found  ocu la r
sympathet ic  involvement  to  be ear l ier  than
parasympathe t ic .  A recent  s tudy  sugges ted
tha t  QT in te rva l  d i spers ion  i s  re la ted  to
sympathet ic  & vagal  dysfunct ion in  type 2
diabetic patients (19). It  will be worthwhile
to  inc lude  such  parameter  in  fu r ther
s tud ies .  This  parameter  may  have
s igni f icant  prognos t ic  va lue  for  au tonomic
involvement  of  ocular  and other  sys tems.
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Our  s tudy  a l so  conf i rmed  by  severa l
d i f fe ren t  t es t s  per formed on  the  same
subjects the findings of Smith et al (4) and
Lant ing  e t  a l  (17)  tha t  pup i l l a ry  changes
come before  the systemic changes.

Fur ther  s tud ies  on  a  l a rger  number
of  pa t ien t s  a re  requ i red  to  p rove  the
eff icacy of  the  p i lo-pupi l  ra t io  average  as
an  ocu la r  au tonomic  func t ion  tes t .  I t
can  be  used  as  a  research  too l  to  se lec t
pa t ien t s  a t  h igh  r i sk  fo r  deve lop ing

pro l i fe ra t ive  d iabe t ic  re t inopa thy  in  the
investigation of the pathogenesis of diabetic
r e t i n o p a t h y .
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