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Reduced Pupillary Light Reflexes in Diabetic Autonomic Neuropathy 

S. A. Smi th  a n d  S. E. Smi th  

Department of Pharmacology, St. Thomas's Hospital Medical School, London, UK 

Summary. Infrared television pupillometry was performed in 
71 healthy and 66insulin-treated diabetic subjects. Resting 
pupil  diameter and the amplitude of  the reflex response to 
standard light flashes were measured in background darkness. 
In the healthy subjects with small pupils ( < 6 mm) the size of 
the light reflex was found to depend on the diameter of the 
pupil  in darkness, the former decreasing by 0.55 m m / m m  de- 
crease in diameter. A positive correlation was also found in 
the diabetic subjects with small pupils but the reflexes were 

much smaller for a given resting diameter than in healthy sub- 
jects. The majority of  the diabetic patients with small pupils 
had autonomic neuropathy. It is suggested that impaired pu- 
pillary dilatation in diabetic subjects is due to a sympathetic 
neuropathy and the small light reflex response in some pat- 
ients is due to parasympathetic dysfunction in addition. 

Key words: Pupillary light reflex, pupillary diameter, diabetic 
neuropathy, autonomic dysfunction, age. 

Autonomic neuropathy in diabetes commonly affects 
the pupil. The two most striking abnormalities are the 
small pupil size, even in darkness, and the reduced 
reflex response to light [1, 2]. Since pupillary dilata- 
tion is sympathetically-mediated and constriction is 
parasympathetically-mediated, it appears that both 
branches of the autonomic innervation of the iris mus- 
cles are  af fec ted .  

The re  are  reasons ,  however ,  o t h e r  t h a n  p a r a s y m -  
p a t h e t i c  d y s f u n c t i o n  w h i c h  c o u l d  u n d e r l y  the  r e d u c e d  
l ight  ref lex  amp l i t ude .  P a t h o l o g y  o f  the  iris t issue i t se l f  
[3, 4] c o u l d  restr ic t  its m o b i l i t y  a l t h o u g h  n o r m a l  o r  en-  
h a n c e d  r e sponses  to c h o l i n o m i m e t i c  d rugs  [5, 6] a rgues  
aga ins t  this  view. The  p r e s e n c e  o f  r e t i n o p a t h y  m a y  
crea te  a n  a f fe ren t  de fec t  bu t  con t ro l l ing  for  this  does  
no t  res tore  ref lex  r e s p o n s e  [1]. F ina l ly ,  it  has  b e e n  sug- 
ges ted  tha t  the  smal l  ref lex  is so le ly  a c o n s e q u e n c e  o f  
the  smal l  p u p i l  p h y s i c a l l y  res t r ic t ing  l i g h t - i n d u c e d  con-  
s t r ic t ion  [2, 7]. This  hypo the s i s  has  b e e n  tes ted  b y  com-  
p a r i n g  the  l ight  re f lex  in d i a b e t i c  pa t i en t s  w i th  tha t  in 
he a l t hy  subjects ,  m o s t l y  e lder ly ,  w h o  also have  smal l  

pupi l s ,  

Methods 

Subjects 
Seventy-one healthy subjects of both sexes (mean age 45.4 years, 
range 18-88 years) and 66insulin-treated diabetic subjects of both 
sexes (mean age 39.6 years, range 15-69 years) participated. None of 
the subjects studied was taking drugs known to interfere with auto- 
nomic function. Both groups were selected deliberately to include a 
large proportion with small resting pupils. The normal group thus in- 

cluded many elderly subjects since darkness diameter declines with 
age [I]. The diabetic group included many with autonomic neuropa- 
thy with which small pupils are commonly associated [1, 81. The pat- 
ients were graded according to their neuropathic status as follows: 

Grade O: Fourteen had normal peripheral somatic and autonomic 
nerve function assessed by the tests described below. 

Grade 1: Nineteen had peripheral somatic neuropathy, i. e. abnor- 
mal vibration sense at toe or ankle on Bio-Thesiometer testing [91 or 
minimal or absent knee or ankle jerks tested on reinforcement. 

Grade 2: Thirty-three had autonomic and peripheral somatic neu- 
ropathy. The former was assessed by testing the pupillary and cardio- 
vascular systems by television pupillometry (see below) and measure- 
ment of cardiac beat-to-beat variations [10] respectively. Patients were 
included in this grade if they had a result below the laboratory's nor- 
mal range in any one of following tests: pupillary dilatation in dark- 
ness; standard deviation of 255 successive R-R intervals with the sub- 
ject resting and supine; mean difference in the shortest and longest 
R-R interval measured during five successive deep breaths (5 s in; 5 s 
out); R-R interval ratio during and following a Valsalva manoeuvre 
(40 mmHg pressure for 10 s). 

Pupil lometry 

All pupillary measurements were performed in darkness to which the 
subjects had adapted by wearing red goggles for a 30-rain rest period 
before the test. Vertical diameters were recorded continuously with an 
infrared television pupillometer system with the subject focussing on 
infinity [1]. Light flashes of duration 0.5 s were directed at the left eye 
with the light beam focused to a diameter of 1.8 mm in the plane of 
the pupil. Light stimulation was thus 'open loop' in that the beam was 
too small to be diminished in size by a constricting pupil. The intensi- 
ty of the light was attenuated by insertion of Wratten neutral filters of 
different densities between the source and the focussing lens system. 

In order to control for individual variation in retinal sensitivity, 
each subject's threshold of visual perception was measured by a 
forced choice method [11]. At each light intensity three sets of three 
auditory signals at 3 s apart were given. One signal in each set was ac- 
companied by a light stimulus. Subjects were told to identify the sig- 
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Fig. 1. The relationship between light reflex amplitude and the dark- 
ness pupil diameter in 71 healthy subjects. Reflex amplitude was re- 
duced in small pupils (below 6 mm approximately) 

Table 1. Summary of the regression analysis to assess the influence of 
age (xl) and diameter (x2) on reflex amplitude (y) 

Source of variation Degrees of Sum of p 
freedom squares 

Healthy subjects (n = 25) 
Total 24 4.84 

Regression on x: 1 0.29 NS 
Regression on x2 after xl 1 3.13 < 0.001 
Regression on x2 alone 1 3.38 < 0.001 

Diabetic subjects (n = 43) 
Total 42 8.18 

Regression on x1 1 0.08 NS 
Regression on x; after xl 1 3.17 < 0.001 
Regression on x2 alone 1 3.11 < 0.001 

by the 95% confidence limits. Group means were compared using an 
unpaired Student's t-test. 

Results 

Healthy Subjects 

Light reflex amplitude varied widely from 0.52 to 
2.30 ram. The non-linear relationship between the size 
of the reflex and the resting diameter in darkness is 
shown in Figure 1. The amplitude appeared to be re- 
duced in small pupils. 

This reduction was analysed in the 25 subjects with 
diameters below 6 mm to assess the influence of age and 
resting diameter on reflex amplitude. The age of this 
group varied from 27 to 88 years (mean 60.5 years). 
From a simple correlation analysis both age and diame- 
ter appear to influence reflex size: correlation coeffi- 
cients r = - 0 . 5 6  (,o<0.01) and 0.84 (p<0.001) respec- 
tively. As diameter decreases with age ( r= - 0.58), how- 
ever, it was possible that the decrease in reflex ampli- 
tude found with age was due to an interaction with di- 
ameter. This possibility was tested by sequential multi- 
ple linear regression analysis, a summary of  which is 
shown in Table 1. This shows that age did not affect re- 
flex amplitude independently from the age-dependent 
decrease in diameter. Therefore in these healthy sub- 
jects the size of the light reflex decreased by 
0.55 mm/mm decrease in diameter as shown in Fig- 
ure 2. 

Table2. Darkness pupil diameters in 66 diabetic subjects graded 
according to their neuropathic status. 

Pupil diameter (mm) 

<3.5 3.5-6.0 >6.0 

Grade 0 0 5 9 
Grade 1 1 13 5 
Grade 2 6 25 2 
Total 7 43 16 

nals that were accompanied by a flash. Correct identification oc- 
curred when the light intensity was above the threshold. Further sets 
of signals with successively lower intensities of light were then given 
until the subject made errors. The perception threshold was recorded 
as the lowest intensity which could be correctly distinguished from no 
light at all. 

The pupillary response to light of an intensity 106times greater 
than the perception threshold was recorded in each subject. Five 0.5 s 
flashes were given at 8 s intervals and the pupil diameter of the illumi- 
nated eye was recorded on a paper trace. The diameter at the foot of 
the reflex and the response amplitude were obtained by averaging the 
data from the last four reflexes. 

Statistical Analysis 

Sequential multiple linear regression analysis was used to assess the 
influence of age (first independent variable) and pupil diameter (sec- 
ond independent variable) on the size of the light reflex (dependent 
variable) [12]. Variation of data about regression lines was described 

Diabetic Subjects 

Forty-three of the diabetic patients tested had darkness 
diameters in the same range as the normal subjects in 
whom reflex amplitude was affected by a small pupil 
size, i.e. between 3.5 and 6 ram. Of the remaining dia- 
betic patients, seven had diameters below and 16 had 
diameters above this range. The small pupils were 
found most commonly in the diabetic patients with neu- 
ropathy (Table 2). 

For the diameters between 3.5-6.0 mm, there was a 
significant positive correlation between pupil size and 
reflex amplitude (r= 0.62, p < 0.001). The slope of the 
line describing this was not significantly different from 
that obtained in the healthy subjects. It is clear from 
Figure 2 that the reflexes were smaller than in normal 
subjects with similarly reduced darkness pupil diame- 
ters. This was confirmed statistically by comparing the 
deviations of each point (observed - calculated ampli- 
tude) from the normal regression line (amplitude = 
-1 .39  + 0.55 x where x = diameter in ram). In the nor- 
mal group (n=25) the mean (+  SEM) deviation was 
0.0 + 0.05 mm as expected; in contrast that in the dia- 
betic group was -0.34_+ 0.06 mm. The difference be- 
tween the two groups was highly significant (t=4.08, 
p < 0.001). 

Small pupils in these diabetic patients occurred at a 
much younger age than in normal subjects: the mean 
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Fig. 2. The reduction of reflex amplitude in 25 healthy [�9 and 43 dia- 
betic [S] subjects with small pupils in the range 3.5-6 ram. The lines 
drawn show the 95% confidence limits about the regression line calcu- 
lated from the 25 healthy subjects 

age in these 43 subjects was 39.7years (range 15-69 
years). As in the healthy subjects, age did not affect 
reflex amplitude independently from its effect on di- 
ameter (Table I). 

Discussion 

It has been suggested that the reduced light reflex re- 
sponse in diabetic autonomic neuropathy is solely a 
consequence of the associated small resting pupil size 
[2, 7]. The results of this study do not support this hy- 
pothesis. The small pupils of non-diabetic elderly sub- 
jects were studied in order to define the degree of re- 
straint on light induced constriction that can be ex- 
plained by the small pupil. The results in the diabetic 
subjects show that the reflex reduction exceeds that to 
be expected from the small pupil alone. 

The restriction on reflex amplitude occurred with 
pupil diameters below 6 mm in the healthy subjects, in 
agreement with other reports [13]. An analysis of the an- 
atomical basis for this mechanical limit of constriction 
has been described [13]. 

The small pupils of non-diabetic elderly subjects 
and diabetic neuropaths may have a common aetiology. 
It is likely that a reduction of sympathetic tone is in- 
volved, since in both groups the pupils are supersensi- 
tive to phenylephrine [8, 14]. The marked reflex reduc- 
tion in the diabetic group may result from a loss of para- 
sympathetic function in addition. 

Pathological degeneration can affect the smooth 
muscles, connective tissue and blood vessels of the iris 
in diabetic patients with neuropathy [3, 4]. It would not 
be surprising if these changes restricted its mobility but 
the findings of normal or enhanced responses to cho- 
linomimetic [5, 6] and sympathomimetic [8] drugs do not 
support this. More work is needed to determine wheth- 
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er the myopathy occurs as a primary process or as a 
consequence of autonomic neuropathy. 

The results presented suggest that diabetic neuropa- 
thy affects both branches of the autonomic innervation 
of the pupil. This contrasts with studies on the auto- 
nomic control of heart rate in which parasympathetic 
dysfunction commonly occurs before any sympathetic 
dysfunction becomes evident [15]. This discrepancy 
may be related to the length of the nerve pathways in- 
volved: in the pupil the sympathetic nerves follow a 
longer course than the parasympathetic whereas in the 
heart the vagal parasympathetic fibres are the longer. 
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