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Abstract
The purpose was to compare resting pupil
diameter in darkness and light, and the
pupillary darkness and light reflexes
between a group of patients with
Alzheimer's disease and a group of
healthy old people. Nine medication free
patients with Alzheimer's disease and
nine healthy control subjects, matched for
sex and age with the patients, participated.
There were six men and three women and
the median age was 72 years in both
groups. Pupil diameter was monitored
with an infrared television pupillometer.
Resting pupil diameter was smaller in the
Alzheimer's disease group (P = 0-041, in
darkness). The amplitude and the maxi-
mum dilatation velocity of the darkness
reflex were smaller for the Alzheimer's
disease group (maximum dilatation
velocity P < 0.002). The amplitude and the
75% recovery time of the light reflex
response were reduced in the Alzheimer's
disease group (P < 0-002 and P = 0-034
respectively). There was no difference in
the latency of the reflex response between
the two groups. The reduced pupil size
and diminished darkness reflex in the
Alzheimer's disease group are consistent
with a sympathetic deficit in the patients.
The reduction in light reflex amplitude
and recovery time are likely to be sec-
ondary to the grossly diminished pupil
size in the patient group. The lack of any
change in light reflex latency in the
patients with Alzheimer's disease argues
against an afferent defect. The pupillary
changes in patients with Alzheimer's dis-
ease are qualitatively the same as those
seen in healthy old people and are consis-
tent with the notion of "accelerated
aging" in Alzheimer's disease.

( Neurol Neurosurg Psychiatry 1997;62:665-668)
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The characteristic physiological and neu-
ropathological changes seen in Alzheimer's
disease' are often qualitatively similar to, but

quantitatively more profound, than the alter-
ations associated with aging.2 3 These findings
have led to the notion that, in many respects,
Alzheimer's disease represents the acceleration
and accentuation of the normal aging process.2 4
Among the recognised clinical characteristics
of normal aging are alterations in the function
of the autonomic nervous system.56 Of particu-
lar interest are pupillary changes: pupil size
declines linearly with age starting as early as
the age of 20.7

In a previous study8 we compared resting
pupil size and the kinetic variables of the dark-
ness and light reflexes between an elderly
group and a group of young healthy people.
We found smaller pupil sizes, reductions in the
amplitude and velocity of the darkness reflex,
and a prolongation of the recovery time of the
light reflex in the elderly group, consistent
with a reduction in sympathetic activity in old
age. In the present study we extended these
findings by comparing the pupillary measures
between a group of patients with Alzheimer's
disease and an age and sex matched group of
healthy subjects.

Methods
Nine unmedicated patients with probable
Alzheimer's disease according to the
NINCDS-ADRDA criteria9 and nine healthy
elderly subjects, matched with the patients for
sex and age, were included in the study. There
were six men and three women in each group.
Patients were consecutive referrals who satis-
fied the inclusion or exclusion criteria, and
control subjects were recruited individually to
obtain a sample that was matched for age and
sex with the patient sample. The median and
mean (SD) ages of the patients with
Alzheimer's disease were 72 and 70 2 (5 9)
and those of the healthy elderly subjects were
72 and 70 5 (5.9). The healthy elderly subjects
were taken from a larger cohort of a study
examining the effect of aging on pupil size and
reflexes.8 Healthy subjects with no history or
presence of disorders of the central or auto-
nomic nervous systems, psychiatric illness,
ocular pathology, or hearing problems were
included; none of the subjects was taking any
medication. Patients with Alzheimer's disease
also satisfied these criteria, with the exception
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Figure 1 Resting pupil diameter under three illumination
conditions. 1: 32 Cd m-2; 2: 16 Cd mi-2; 3: darkness (90 s
after lights of]). Open columns = healthy old subjects;
closed columns = patients with Alzheimer's disease;
vertical bars = SEM.

of the presence of the cognitive features of
dementia associated with Alzheimer's disease.
In addition to the above inclusion criteria,
patients with Alzheimer's disease were

selected on the basis of their ability to tolerate
or cooperate with the experimental proce-
dures. Patients with behavioural disturbance
or severe dyspraxia or dysphasia were

excluded from the study.
The general level of impairment of all the

patients with Alzheimer's disease corre-

sponded to the DSM-III-R criteria for demen-
tia of either mild or moderate severity. Severity
of the cognitive impairment was assessed with
the mini mental state examination (MMSE)'0
and the severity grades of Alzheimer's disease
laid down by DSM-III-R.11 The mean (SD)
MMSE score for the patients with Alzheimer's
disease was 17-5 (8-5) and it was 30-0 (the top
score) for the healthy old subjects. The study
was approved by the ethics committee of the
Queen's Medical Centre NHS Trust,
Nottingham.

Pupil diameter, under constant illumination
and in response to sudden changes in the level
of illumination to evoke the pupillary darkness
and light reflexes, was monitored with an

infrared binocular television pupillometer
(Applied Science Laboratories, Waltham MA,

USA), as described previously.8
Means (SD) were calculated for each pupil-

lary variable within each of the two groups
(patients and healthy old subjects). The distri-
bution of each variable was assessed by calcu-
lating the skew and kurtosis indices. As in no

case did either index deviate significantly from
zero, parametric statistics were used. Resting
pupil size in light and darkness and darkness
reflex data were compared between the groups

by unpaired t tests. Light reflex data were
analysed by two factor (group x light intensity)
analyses of variance (ANOVA). The possible
dependence of the kinetic measures on resting
pupil diameter (in the dark) was investigated
by Pearson's correlation coefficients.

Results
RESTING PUPIL DIAMETER
The resting pupil diameter was smaller in the
patient group (t = -2 22, P = 0 041, in the
dark; fig 1). The mean differences (95% confi-
dence interval (95% CI)) between the controls
and the patients were (mm): 32 Cd m-2: 0-31
(-0 37 to 1-00); 16 Cd m-2: 0 39 (0-36 to
1413); darkness: 0-83 (0-04 to 163).

DARKNESS REFLEX
There was a trend for smaller darkness reflex
amplitudes (t = 1-79; P = 0-09) and there
was a significantly lower maximum dilatation
velocity (t = 6-26; P < 0-001) in the
Alzheimer's disease group (fig 2A). The mean
differences (95% CI) between the controls
and the patients were: amplitude (mm): 0-07
(- 0-21 to 0 16); maximum dilatation velocity
(mm s-'): 0-31 (0-21 to 0-41).

LIGHT REFLEX
The amplitudes and recovery times, at all light
intensities, were reduced in the Alzheimer's
disease group; latency was not significantly
different between the two groups (fig 2B).
There were significant correlations between
resting pupil diameter in the dark and ampli-
tude at all four light intensities (mW cm-2):
8-5 x 10-': r = 0-529, P = 0-024; 7-0 x
10-2: r = 0-663, P < 0-005; 0 43: r = 0 759,
P < 0-001; 1-84: r = 0-835, P < 0-001.
Latency and 75% recovery time did not corre-
late significantly with resting pupil diameter in
the dark at any of the four light intensities
(latency: r = -0-125, P = 0-62; r = 0-056,
P = 0-83; r = -0 139, P = 0-58; r =
-0-206, P = 0-41; 75% recovery time: r =
0 349, P = 0-16; r = 0 305, P = 0-22; r =
0-208, P = 0-41; r = 0-016, P = 0 95).
Analysis of variance showed significant main
effects of light intensity (F = 114-75; df =
3,48; P < 0-001) and group (F = 13-23; df =
1,16; P < 0-002), and no significant interac-
tion (F = 1-15; df = 3,48; P = 0 34) for
amplitude, and significant main effects of light
intensity (F = 17-86; df = 3,48; P < 0.001)
and group (F = 5-41; df = 1,16; P = 0 034)
and no significant interaction for recovery time
of the light reflex (F = 0-8; df = 3,48; P =
0-5). For latency, there was a significant main
effect of light intensity (F = 13-49; df = 3,48;
P < 0-001) but no significant main effect of
group (F = 1-07; df = 1,16 P = 0-32) or
interaction (F = 0 77; df = 3,48 P = 0-51).

Discussion
The size of the pupil at any one time reflects
the relation between the opposing sympathetic
(dilator) and parasympathetic (constrictor)
influences.7 The kinetic variables of the dark-
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Figure 2 PupiUary
darkness and light reflexes.
(A) Darkness reflex. Top:
example of a response
showing the kinetic
variables measured.
Ordinate = pupil
diameter (mm), abscissa
= running time (s),
horizontal bar = darkness
stimulus. The variables
measured were amplitude
(mm) and maximum
dilatation velocity (mm
s ') measured at the
steepest segment of the
dilatation curve. Bottom:
Comparison of the
parameters of the darkness
reflex between healthy old
subjects (open columns)
and patients with
Alzheimer's disease (closed
columns). Left: amplitude
(mm), right: maximal
dilatation velocity (mm
s9-'. Vertical bars over the
columns are SEM. (B)
Light reflex. Top:
A response showing the
kinetic parameters
measured. Ordinate =
pupil diameter (mm),
abscissa = running time
(s), horizontal bar = light
stimulus. The variables
measured were latency (s),
amplitude (mm), and
75% recovery time (s).
Bottom: Comparison of the
variables of the light reflex,
evoked by four stimuli of
increasing intensity,
between healthy old
subjects (open symbols)
and patients with
Alzheimer's disease (closed
symbols). Vertical bars are
SEM.
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ness and light reflexes enable us to dissect the
relative contributions of these influences. The
darkness reflex and the recovery time of the
light reflex reflect mainly sympathetic activa-
tion, whereas the latency and amplitude of the
light reflex are governed by parasympathetic
activity.712

In an earlier study8 we have found that
healthy old people, in comparison with
younger subjects, show reduced pupil diame-
ters together with reductions in the variables of
the darkness reflex, consistent with a possible
sympathetic deficit. In the present study, the

patients with Alzheimer's disease, compared
with healthy old people, showed a similar
deficit, in agreement with the model of "accel-
erated aging" in Alzheimer's disease. We
suggest that this sympathetic deficit, both
in healthy old people and patients with
Alzheimer's disease, may be related to the loss
of neurons in the locus coeruleus and other
noradrenergic nuclei in the brain stem from
which sympathoexcitatory influences descend
to the spinal cord.13 Indeed, there is evidence
that the monotonic decline in pupil size with
age7 is paralleled by a decline in cell number in
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the locus coeruleus.14 Furthermore, there is a
severe loss of neurons in the locus coeruleus in
Alzheimer's disease which is more pronounced
than that seen in healthy old people.3
As the patients with Alzheimer's disease had

very small pupil sizes, it is difficult to interpret
the light reflex data in terms of autonomic
activity. Both the reduced amplitude and
recovery time may be explained by the curtail-
ment of the responses by a "floor effect".212
Therefore, it is difficult to draw any conclu-
sions about the possible involvement of the
parasympathetic innervation of the iris in
Alzheimer's disease. Whereas the reduction in
resting pupil size would be consistent with an
enhancement of the parasympathetic input,
the reduction in amplitude points towards a
possible reduction in parasympathetic tone. It
has been reported that patients with
Alzheimer's disease show increased sensitivity
to the mydriatic effect of tropicamide,'6 a mus-
carinic receptor antagonist, consistent with the
notion of increased parasympathetic tone to
the iris. A possible mechanism for this may be
parasympathetic disinhibition due to the loss
of the noradrenergic inhibitory control of the
Edinger-Westphal nucleus from the locus
coeruleus.'3 However, the effect of tropi-
camide in patients with Alzheimer's disease is
controversial: whereas some investigators
found a trend towards increased sensitivity in
Alzheimer's disease,'7 18 others failed to con-
firm it.' 20 On the other hand, the recent find-
ing, in one study, of increased sensitivity of
patients with Alzheimer's disease to the miotic
effect of the cholinoceptor agonist pilo-
carpine is consistent with the notion of den-
ervation supersensitivity, indicating a possible
parasympathetic deficit.

As patients with Alzheimer's disease may
have degenerative changes in the retina22 and
optic nerve,23 the possibility should be consid-
ered that some of the pupillary changes may
have been due to an "afferent pupillary
defect". However, this is unlikely as patients
with Alzheimer's disease do not show this
abnormality on neuro-ophthalmological exam-
ination.24 Furthermore, the afferent pupillary
defect is characterised by elongation of light
reflex latency and normal or slightly dilated
pupils;25 however, our patients showed
unchanged reflex latencies and constricted
pupils. It should be noted, however, that as
the present results were obtained in a small
sample of subjects, the power to reject the null
hypothesis was relatively low, and therefore
non-significant differences, as in the case of
light reflex response latency, may still be of
clinical relevance. Further studies with a larger

cohort of patients and control subjects are
needed to confirm the present results.
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