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The pupillary response to light in Type 1 (insulin-dependent) diabetes
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Summary. The pupillary response to light was examined by in-
frared television-videopupillography in 93 Type 1 (insulin-de-
pendent) diabetic patients (aged 25-42 years, duration of dia-
betes 0-32 years), and 37 control subjects (aged 26-41 years)
with techniques ensuring equality of stimulus and retinal sen-
sitivity, and allowing a detailed computerized calculation of
the various parameters of the response. There was no differ-
ence in latency time or constriction time between diabetic pat-
ients and control subjects. The diabetic patients had a smaller
initial pupil size (p=0.012) and a smaller response amplitude
(»<0.001) than the control subjects, and these two parameters
were correlated to each other (r=0.49, p<0.000001) and in-
versely correlated to the duration of diabetes (r= —0.26,
p=0.013 and r= —0.29, p=0.0051, respectively). As a group,
the diabetic patients had a relative response amplitude that
was similar to that of the control subjects. However, more de-
tailed analysis showed that the diabetic patients with pupil
size in the normal range had a small, but significant, reduction
in relative response amplitude (p=0.0021). The maximal ve-
locities of constriction and re-dilatation were reduced in the
diabetic patients (p< 0.001 in either case), but both parameters

were intimately correlated to the response amplitude (r=0.91,
p<0.000001, and r=0.79, p< 0.000001, respectively), and this
relationship was identical in the control subjects. Analysis of
velocity-size plot for long-term diabetic patients showed no
systematic deviation from that of non-diabetic subjects, indi-
cating unaltered dynamic properties of the small pupil within
the altered dynamic range in diabetic patients. The foremost
change in the pupils of long-term diabetic patients is a reduc-
tion in size. Since normal iris dynamics are preserved, the
small pupil must be due to loss of sympathetic tone. When
diabetic patients with a normal or near-normal sensory path-
way are stimulated by light, they have a normal latency time
and response parameters that are normal for the size of their
pupil. The only exception seems to be a minor reduction in re-
sponse amplitude, possibly indicating damage to the efferent,
parasympathetic pathways, as is known to develop in other
organs.

Key words: Pupil, light response, Type 1 diabetes, autonomic
neuropathy, pupillography.

Abnormal pupillary response to light in a diabetic pat-
ient was reported by Pryce [1] almost a century ago.
Several cases have been reported subsequently [2, 3] and
investigations of large groups of diabetic patients have
revealed abnormal responses in a number of patients
[4], especially in those with diabetic neuropathy [5-7].
Typically, a small pupil with a sluggish reaction to light
was reported, but often with a preserved reaction to ac-
commodation, some of these being termed “Argyll Ro-
bertson pupils” [7].

While these early studies relied on the clinical evalu-
ation of the pupillary response, subsequent workers,
benefiting from the advent of pupillographic tech-
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niques, have studied the response more accurately. Ohrt
[8] examined 85 long-term diabetic patients by a cine-
matographic technique, and found no changes in the
initial diameter, latency time, rate of contraction or am-
plitude of the response. However, in about one-third of
the patients, an abnormally prolonged dilatation phase
was observed, possibly indicating sympathetic nervous
dysfunction. Friedman et al. [9], employing electronic
infrared pupillography, examined 22 Type 2 (non-insu-
lin-dependent) diabetic patients (aged 39-49 years) and
found prolonged latency time and a number of cases
with shallow response. On the contrary, Gliem [10], with
a similar technique, found a shorter latency time of the
light response in diabetic patients with short duration of
disease, and no prolongation of the latency period in
patients with longer duration. The resting pupil size, the
response amplitude, and the constriction velocity were
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Table2. Light-response of the pupil to a 25 plm square-pulse of 256 ms duration

Constriction Response
time (ms) amplitude
(mm?)

Initial
size (mm?)

Latency
time (ms)

()

Relative
response
amplitude

75% re-
dilatation
time (s)

Relative
redilatation
residue (%)

Maximal
redilatation
velocity
(mm?/s)

Maximal
constriction
velocity
(mm?/s)

Diabetic ~ 27.5+7.5 236+30 821 +61 9.7+2.7

patients

Control 31.5+58 231+33 828 +£53 11.8+2.6

subjects

35.8+9.2

38.6+97

36.49.5 12332 297+1.02 15793

428492 14426 272+0.68 12873

p 0.012 NS NS <0.001 NS

<0.001 <0.001 NS NS

Results expressed as mean+ SD
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Fig.2. Relationships between the duration of diabetes and the abso-
lute response amplitude and relative response amplitude in 93 diabet-
ic patients (@). The regression line for the response amplitude is
shown. Values for the control subjects (O) are shown on the left

Response amplitude (mm?)

size (mm?)

Initial pupil

Fig.3. Relationship between absolute response amplitude and initial
pupil size in the 37 control subjects (O) and 93 diabetic patients (@).
The shading covers the area within which this relationship cannot
exist. Regression lines are shown (diabetic patients: r=0.50, p<
0.000001; the relationship is not significant in the control subjects)

Pupil size in darkness and its relationship to other long-term dia-
betic manifestations in virtually the same groups of subjects have
been reported elsewhere [11].

Clinical data and diabetic complications are summarized in
Table 1: diabetic retinopathy was present in 36 patients (39%), six of
these having proliferative changes. Biomicroscopic evidence of minor
diabetic iridopathy as defined by Ohrt [8] was present in 10 of the
66 patients (15%) who underwent slit lamp examination. Two had a
minor degree of rubeosis iridis. Persistent proteinuria was present in
six (7%), and 29 of the 87 patients examined (33%) had peripheral
neuropathy, as shown by an abnormally high vibratory perception
threshold [13].

Criteria for inclusion in the study were: (1) visual acuity of 6/9 or
better, (2) absence of visible retinopathy (except for three microaneu-
rysms or less) in the area stimulated by the light pulse (see below), (3)
no myopia or hypermetropia > 2 dioptres, (4) no visible cataracts. The
mean = SD non-fasting blood glucose level at the time of the study
was 10.9 £ 4.1 mmol/l. Patients with hypoglycaemia (blood glucose
<3.5mmol/l) or excessive hyperglycaemia (blood glucose >
20 mmol/1l) were excluded. The mean daily insulin requirement was
47.4+17.6 IU. None of the diabetic patients received any drugs other
than insulin and none of the control subjects were on drug treatment.

Methods

The light stimulus was presented to the right eye by a photostimulator
(Hamamatsu TV Corporation, Hamamatsu, Japan) producing a beam
of yellow-green light converging in the plane of the pupil to a diame-
ter of 1 mm, thus eliminating variation in light input due to variation
in pupil size. At the retinal level, the light beam covered an area of ap-
proximately the size of the optic disc and located one papillary diame-
ter above the optic disc. Examination took place in darkness, to which
the subjects had adapted for 15 min. A red fixation point, placed at an
individually adjusted optically infinite distance, was used to prevent
accommodation. Details on the technique have been published else-
where [14].

Pupillography was performed with an infrared sensitive TV-cam-
era (Iriscorder, Hamamatsu) which measured the area of the left pu-
pil. After analogue-to-digital conversion (Schiumberger, Solarthron,
A210, Munich, FRG), the measurements were handled off-line on a
central computing facility (CDC Cyber 173, Regional EDP-Cenire,
University of Aarhus, Denmark.)

The light response was elicited with a square wave increase in the
light intensity from 1 to 26 pLumen for 256 ms. This was repeated
several times (usually more than 10 times) allowing at least 15s be-
tween each light pulse. The responses of the consensually reacting left
eye were recorded for 5s each at a 100 Hz sampling rate. The same
protocol was used with a stronger light pulse, intensity from 1 to
51 plm in 79 of the diabetic patients and 27 control subjects.

From the mean curve of the response the following parameters
were obtained (Fig. 1): (1) Initial size (mm?): the size of the pupil be-
fore stimulation. The day-to-day intra-individual variation of this pa-
rameter was 6.9%, coefficient of variation (CV) estimated from re-in-
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Fig.4. Relationship between relative re-
sponse amplitude and initial pupil size in
37 control subjects (O), and 93 diabetic
patients. The vertical line separates the
values for pupil sizes below (A ) and
above (@) the smallest pupil size in nor-
mal subjects. The regression line for the
control subjects is dashed, that for the dia-
] betic patients with pupil sizes above the
g smallest size in control subjects is full-
drawn, and that for the patients with pupil
sizes below the smallest size in control

0 T 1 0
0 25 50 0

Initial pupil size (mm?)

300 - ¢

o

0800
[}

e

.

(X3

[

. e

[
ee

(ms)
a
00 00000
570
L]
.
.
[
e o
e

f

200

o
o6 0000000
20" D
.
[
LN
[
.00
0000000

Latency time
Q
9

100 A

subjects is dotted
25 50 ’

Fig.5. Relationship between latency time and du-
ration of diabetes in 93 diabetic patients (@) and
. 37 control subjects (O)
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vestigations <1 month apart. (2) Latency time (ms): the period from
the initiation of the light pulse until Yo of maximal constriction veloci-
ty was obtained (CV: 8.7%). (The algorithm for calculating the latency
time was constructed so as to exclude interference from spontaneous
variations in pupil size during the latency period.) (3) Maximal con-
striction velocity (mm?/s): the steepest slope of the declining part of
the response curve (CV: 5.7%). (4) Constriction time (ms): the period
from the start of the light pulse until the minimal size was obtained
(CV:3.3%). (5) Response amplitude (mm?): initial size minus minimal
size (CV: 6.6%). (6) Maximal redilatation velocity (mm?/s): the steep-
est slope of the rising part of the response curve (CV: 8.2%). (7) Redi-
latation time (s): the period from the initiation of the light pulse until
the pupil had regained 75% of its initial size (CV: 17.6%). All these pa-
rameters were unequivocally defined in numerical algorithms and
were calculated during the computer treatment of the responses.

The following relative parameters of the responses were also cal-
culated: (1) The relative response amplitude: the response amplitude
as a percentage of the initial pupil size (CV: 6.5%). (2) The relative re-
dilatation residue: the difference between the initial pupil area and
the area at the end of the 5-s period as a percentage of the amplitude
of the response (CV: 31%).

In some patients, the simultaneous values of response velocity
(mm?/s) and size (mm?) during the responses to light were calculated
according of the principles of Stark [15]. Examples of such a calcula-
tion are shown in Figure 7. To compare the shape of this velocity-size

30

graph independent of its position and the enclosed area in the individ-
ual subjects, the graphs underwent two transformations during their
computer treatment: (1) they were magnified so as to enclose the same
area; (2) the graphs were translocated to a common origin.

Statistical analysis

For comparison between groups, Student’s t-test was used, and for
testing the strength of correlations, an analysis of the ordinary para-
metric least square regression was performed. A 5% limit of signifi-
cance was used throughout the study and ‘p’ was two-tailed.

Results

The parameters of the pupil response to a 25 ulm light
stimulus in diabetic patients and control subjects are
shown in Table 2. The diabetic patients had an 11%
smaller initial pupil size (p=0.012) and an 18% smaller
response amplitude (p<0.001). However, the relative
response amplitude was not significantly smaller. The
long-term diabetic patients (with duration of 15 years
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or more) had smaller pupils than those with duration <
15 years (mean+SD: 26.2 £8.0 versus 29.9+ 6.4 mm?;
p=0.020), and a smaller response amplitude (9.0+2.6
versus 10.4+2.7 mm?; p=0.013), but there was no dif-
ference in the relative response amplitude between
these two groups (36.2 £10.2 versus 35.5+7.8%).

In the diabetic patients, both the initial pupil size
and the response amplitude were inversely correlated to
the duration of diabetes (r= —0.26, p=0.013 (data not
shown), and r= —0.29, p=0.0051, respectively; Fig.2).
There was, however, no correlation between the relative
response amplitude and the duration of diabetes
(Fig.2).

A positive correlation was obtained between initial
pupil size and response amplitude in the diabetic pat-
ients (r=0.50, p<0.000001), whereas there was none in
the control group (Fig.3). However, there was an in-
verse relationship between initial pupil size and relative
response in control subjects (r=—0.56, p<0.001;
Fig.4) and among 72 diabetic patients (r= —0.39, p<
0.001) with an initial pupil size in the normal range
(21.7-45.9 mm?). The slopes of the regression lines were
similar, but the regression line of the diabetic patients
was below that of the control subjects (p=0.0021, with a
mean displacement of 12%). This means that for a given
initial pupil size in the normal range, the diabetic pat-
ients had a smaller relative response than the control
subjects. If the diabetic patients with initial pupil sizes
below normal are included, the correlation is even more
pronounced, but a direct comparison with the control
subjects is then obviously not meaningful.
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Fig.7.A Light response to a 256 ms square wave stimulus in a control
subject. B Plot of simultaneous values of response velocity (mm?/s)
and size during the response seen in A. The lower part of the curve
corresponds to the ~ 0.9 s constriction phase, the upper part is the re-
maining ~ 5 s redilatation phase. The black dot (@) on the curve in A
and B corresponds to the minimum size of the pupil during the re-
sponse and the arrow (¥) denotes the direction of the response.
C The size-velocity plots of the light responses in 11 control subjects.
Each plot is translated to a common origin and is further redrawn
isomorphically to enclose a fixed area. The bars indicate mean+2 SD
with respect to 12 directions from an arbitrary centre. D The size-ve-
locity plot in those five diabetic patients who had the smallest pupils,
transformed as for the control subjects C and with mean = SD of the
controls superimposed for direct comparison. The complexity of
shape makes it impossible to test statistically any difference, but it is
evident that these most severely affected diabetic patients do not show
at any time during the response any systematic deviation from the
shape of the velocity-size plot in control subjects

There was no difference in latency time or constric-
tion time between the diabetic and control subjects
(Table 2) and neither of these parameters was correlated
to the duration of diabetes (Fig. 5).

The maximal constriction velocity was reduced in
the diabetic patients (Table 2), but it was closely related
to the response amplitude, and this relationship was
identical in both groups (r=0.91, p<0.000001, Fig.6).
Likewise, the maximal redilatation velocity was less in
diabetic patients than in control subjects (Table 2) and
was closely correlated to the response amplitude in both
groups (diabetic patients: r=0.79, p<0.000001, control
subjects: ¥=0.76, p<0.000001, the regression lines be-
ing identical). The velocities of constriction and redila-
tation in the diabetic patients were also, though to a less
pronounced degtee, correlated with the initial pupil size
(r=0.50, p<0.000001, and r=10.55, p<0.000001). In the
control subjects, however, there was no correlation be-
tween these parameters and initial pupil size. Constric-
tion and redilatation velocities both showed an inverse
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relationship to the duration of diabetes (r= —0.29,
p=0.043, and r= —0.28, p=0.0073, respectively).

The redilatation time tended to be higher in diabetic
patients than control subjects (Table 2), but the differ-
ence was not significant, nor was there any difference
between long-term diabetic patients and the control
subjects. However, a significant correlation was ob-
tained between redilatation time and the duration of
diabetes (r=0.22, p=0.033; data not shown).

Another measure of the redilatation phase, the rela-
tive redilatation residue, tended to be larger in the dia-
betic patients, but the difference was not significant.

The velocity size plots for 11 control subjects and
five long-term diabetic patients (who had the smallest
pupil areas) are shown in Figure 7.

As expected, the results of stimulation with the
stronger light pulse of 50 ulm showed a larger response
amplitude, shorter latency time, greater velocities of
contraction and redilatation, but unchanged constric-
tion and redilatation time in both groups. Employing
the stronger light pulse of 50 ulm, the same differences
between diabetic patients and control subjects were ob-
tained as with the weaker light pulse of 25 ulm.

Discussion

The present study of the light reflex of the pupil in dia-
betic patients was performed on a much larger group of
patients than previously reported [9, 10, 12]. Of even
more importance is the fact that: (1) these patients were
young (aged 25-42 years), (2) their duration of diabetes
ranged from 0 to 32 years, independent of age, (3) only
patients with a normal or near-normal retina in the area
stimulated by the light were included and (4) the tech-
nique employed assured equality of the effective stimu-
lus. The many parameters derived were obtained by
computerized calculations.

The finding of a smaller initial or resting pupil size
in diabetic patients confirms earlier reports [11, 16-19].
We have demonstrated previously that the abnormally
small pupil in diabetes is correlated with the degree of
long-term metabolic control and to peripheral neuropa-
thy, retinopathy and nephropathy {11].

The response amplitude was smaller in diabetic pat-
ients than in control subjects, as also found in previous
studies. However, an abnormally small pupil of, e.g.
10 mm?, cannot be expected to constrict as much (e.g.
13 mm?) to a given light stimulus as a normal and larger
pupil of 36 mm? (Fig. 1). This simple fact raises the ques-
tion: what is a normal response for an abnormally small
pupil? At first sight, it seems reasonable to consider the
response of the pupil to light as related to its size at rest,
before the stimulus was applied. It is well known that
the retina is a highly adaptive organ, i.e. it is very insen-
sitive to even tenfold differences in intensity of constant
light. Thus, being almost without any information about
the absolute illumination and the absolute pupil size,
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the retina mainly senses the relative pupil response to a
sudden change in its illumination.

However, this simple way of regarding the relation-
ship between pupil size and reaction to light in a given
subject is broken down among normal subjects by the
inverse correlation between pupil size and relative re-
sponse amplitude (Fig.4). Among diabetic patients, we
found the same inverse correlation, although this does
not help in further understanding the problem.

There is, however, one peculiarity that must, in some
way, be related to diabetic autonomic neuropathy: for a
given pupil size in the normal range, the diabetic sub-
jects had a slightly smaller relative response amplitude,
probably indicating some damage to the efferent, para-
sympathetic pathway.

That the situation in the patients whose pupils are
definitely smaller than normal, defies analysis is illus-
trated by a recent study [20] where 40-year-old diabetic
patients were compared with 60-year-old control sub-
jects.

It has long been known that rubeosis iridis is a fea-
ture of diabetic microangiopathy [8, 21]. One may there-
fore consider that a vascular abnormality of the iris,
leading to its relative ‘stiffness’ could invalidate the re-
sults obtained in our study.

However, the velocity-size plot, to a certain degree,
argues against this. Irrespective of the stimulus intensi-
ty, its shape is constant in any given subject indepen-
dent of the variations in initial pupil size, ¢.g. when pro-
duced by stimuli repeated in quick succession [22].
Varying stimulus modalities, on the other hand, pro-
duce markedly varying shapes of the velocity-size plot.
Thus, we would conclude that the absence of any de-
tectable abnormalities in the shape of the velocity-size
plot excludes the possibility of a major change in the
dynamic properties of the pupil. The identity in diabetic
patients and control subjects of the same intimate rela-
tionship between maximal velocities of constriction and
redilatation and the response amplitude is further indi-
rect evidence against severe changes in the iris structure
as the cause of the small response. The present results
are in agreement with an earlier study in which rhyth-
mic light stimulation of the pupil with increasing fre-
quencies revealed no evidence for abnormal stiffness,
even in the smallest pupil in diabetic patients [19]. It is
certainly conceivable that patients with advanced dia-
betic iridopathy with extensive neovascularization of
the iris [8, 21] would have a diminished pupillary re-
sponse. However, this long-term diabetic manifestation
is very rare [23] and only two of our 66 diabetic patients,
who underwent slit lamp examination, had rubeosis iri-
dis, and only to a minute degree. These two patients and
the eight patients with porosity of the pigment seam and
loss of pigment had a pupillary response that was simi-
lar to the other diabetic patients.

Most previous reports have shown prolonged laten-
cy time in diabetic patients, but in none was the conclu-
sion likely to be uninfluenced by the omission of some
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of the methodological and clinical details underlined
above. In particular, unless proper algorithms are used,
a large variation in constriction velocities and ampli-
tudes will tend to produce a spurious inverse relation-
ship between response amplitudes and latency times
(Fig.6), as demonstrated previously [17].

A recent study of the light response in newly diag-
nosed diabetic patients revealed no changes during
poor metabolic control except for delayed redilatation
[24]. On the other hand, the light-induced unrest in the
pupil and the ability to maintain miosis under continu-
ous illumination were markedly diminished.

Recently, it has been demonstrated that the small
pupil in diabetes is associated with supersensitivity to
sympathomimetic agents [25, 26]. Most evidence there-
fore suggests the small pupil size to be a result of dam-
age to the sympathetic nerves, which, in turn, is a part of
diabetic autonomic neuropathy leaving the parasym-
pathetic innervated sphincter pupillae to constrict the
pupil. As previously mentioned, Ohrt [8] found a pro-
longed redilatation in a number of diabetic patients and
suspected this to be the result of sympathetic nervous
dysfunction.

The tendency to prolonged redilatation shown in
the present study would also support a sympathetic de-
fect. That the pupil is still capable of reacting normally
within its altered dynamic range also indicates that the
parasympathetic innervation to the pupillary sphincter
is relatively less affected.
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