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Introduction

The iris regulates the amount of light reaching the retina by 
changing pupil diameter. Thus, it can decrease aberrations, 
increasing the depth of the focus by decreasing pupil diame-
ter (1, 2). The most influential factors on pupil diameter are 
the amplitude of the light reaching the retina and the accom-
modation made for near vision (2, 3). Several factors, such as 
age, attention level, changes in sympathetic and parasympa-
thetic efferent pathways, and tone dominance, can be listed 
as other factors affecting pupil diameter (1, 3).

Pupil diameter is very important for the quality of vi-
sion. A small pupil diameter allows for a clear image of high 
quality by decreasing spherical aberrations. The best retinal 
image for most eyes is obtained at a pupil diameter of 2.4 

mm, where the balance between aberration and diffraction 
is considered to be optimal (4-7). Campbell and Gregory (7) 
demonstrated that by adjusting the pupil diameter in a reflex 
manner in response to ambient light, one can achieve the 
most appropriate visual acuity.

The pupil functions via sympathetic and parasympathetic 
stimuli. Any pathology that appears in the pupil reflex arc 
distorts the light response by altering the adjustability of the 
pupil (1). The response to light can differ between healthy 
individuals. Pupil dimension can also be different in healthy 
individuals, and it decreases in size with advancing age. Com-
piling information about normal pupil response in different 
age groups and at different light amplitudes may add to a 
more objective evaluation of these responses.

Objectives: This study was an evaluation of pupil response at different light amplitudes in healthy individuals in different 
age groups.
Methods: A total of 210 eyes of 105 healthy individuals were included in the study. The participants were divided into 4 
groups at 15-year age intervals: 15-30, 31-45, 46-60, and over 60 years. The dimensions of the pupil were measured with 
a pupillometer at 5 different light amplitudes: 0, 1, 10, 100, and 200 cd/m2. The average pupil diameter in the groups was 
compared and changes in pupil diameter were correlated for each light amplitude according to age.
Results: The mean pupil diameter was 4.96+0.82 mm in males, and 4.95+0.87 mm in females at 0 cd/m2 light amplitude, and 
2.44+0.19 mm and 2.40+0.19 mm, respectively, at 200 cd/m2 light amplitude. The differences were not statistically significant 
(p>0.05). In addition, there was no significant difference in pupil size between the right and left eye at any light amplitude 
(p>0.05). Pupil diameters were found to be smaller at all light amplitudes with advanced age. There was a negative significant 
correlation between pupil size and age at all light amplitudes (p<0.05). The correlation was stronger at low light amplitudes.
Conclusion: Pupil response to light is influenced by age. This should be taken into consideration when evaluating pupil 
reaction.
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The participants in this study were divided into 4 sub-
groups and pupil diameter at 5 different light amplitudes was 
measured.

The aim of this study was to evaluate the pupil response 
at different light amplitudes in healthy individuals according to 
age group. Unlike other studies in the literature, it was ob-
served that at advanced ages, especially under low illumination 
(0 and 1 cd/m2), there was a slowing of the pupillary response.

Methods

This retroprospective study was performed at the Karadeniz 
Technical University Faculty of Medicine Ophthalmology 
Clinic between December 2009 and March 2009. All of the 
participants were informed about the study and their con-
sent was obtained. The research was approved by the ethics 
committee of Karadeniz Technical University Faculty.

Study Group

To be eligible for the study the subjects had to fulfill the 
following criteria:
1. No previous history of ocular surgery,
2. Refractive error of ±1.00 diopters (D) range,
3. No visual defect,
4. Absence of any other systemic or ocular disease that 

might affect pupil response.

All the participants underwent a detailed ophthalmological 
examination (corrected visual acuity, biomicroscopic ante-
rior-posterior segment examination, measurement of in-
traocular pressure). To evaluate the influence of age on pupil 
response, the cases in the study group were divided into 4 
subgroups: 15-30 years (Group 1), 31-45 years (Group 2), 
46-60 years (Group 3), and over 60 years (Group 4).

Measurement Technique

The participants were taken into a dark room in the elec-
trophysiology unit in order to evaluate their pupil response. 
Measurements were carried out with a Monpack II (Metro-
vision, Pérenchies, France) electrophysiology device using 

the pupillometry mode. The measurements were performed 
both unilaterally and bilaterally. When measurements were 
made unilaterally, 1 eye of the participant was covered in 
order not to let in any light. After adapting to the dark envi-
ronment (5 minutes), the computer automatically measured 
the pupil diameter in millimeters at light amplitudes of 0, 1, 
10, 100, and 200 cd/m2. Each light amplitude was applied for 
at least 10 seconds, with 1-minute intervals between each 
measurement of the next intensity. The measurements were 
repeated 3 times for each light intensity level and the mean 
of all of the measurements was used as the final value.

Statistical Evaluation

The mean pupil size values obtained at 5 different amplitudes 
were separately compared within the group using Student’s t-
test. Pearson correlation analysis was used to evaluate whether 
age was correlated with pupil diameter at all light amplitudes. 
A p value of <0.05 was accepted as statistically significant.

Results

A total of 105 healthy individuals (49 male, 56 female) were 
admitted into the study. The mean age of the participants 
was 49.8+19.3 years (range: 16-76 years). There was no 
significant difference between males (49.8+18.3 years) and 
females (48.6+19.6 years) in terms of age (p>0.05). Pupil 
response was measured under both unilateral and bilateral 
illumination. No significant difference in pupil response was 
observed between males and females (p>0.05). When the 
light amplitude increased from 0 cd/m2 to 200 cd/m2, pupil 
size decreased nearly 50% in all subjects.

The differences in pupil diameter obtained at different 
light amplitudes were compared, and there was no significant 
difference in the response from the left and the right eye in 
bilateral and unilateral illumination. Similarly, there was no 
significant difference between the right and the left eye at 
different illuminations (p>0.05).

The mean bilateral and unilateral pupil size obtained ac-
cording to amplitude is summarized in Table 1.

Under unilateral illumination, the mean pupil diameter 

     Pupil size (Mean±SD)

   Bilateral illumination    Unilateral illumination

Light amplitude (cd/m2) Right eye  Left eye  Right eye  Left eye

0  4.67±0.84  4.74±0.85  4.96±0.82  4.83±0.89

1  3.76±0.60  3.85±0.67  4.07±0.61  4.07±0.76

10  2.88±0.53  2.87±0.65  3.37±0.58  3.21±0.49

100 2.51±0.38  2.55±0.57  2.70±0.44  2.60±0.25

200 2.44±0.42  2.47±0.51  2.55±0.49  2.44±0.19

Table 1. The mean pupil size obtained in the right and left eye, bilaterally and unilaterally, at 5 different light amplitudes
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was 4.96±0.82 mm in the right eye and 4.83±0.89 mm in left 
eye, while it was 4.67±0.84 mm and 4.74±0.85 mm, respec-
tively, with bilateral illumination at 0 cd/m2 light amplitude. 
The differences were not statistically significant (p>0.05). 
Although the pupil size was smaller with bilateral illumi-
nation than with unilateral illumination, the difference was 
not statistically significant (p>0.05) (Table 1). Pupil size was 
smaller by 4% to 6% under bilateral illumination compared 
with unilateral illumination. This difference was more obvi-
ous at 1, 10, and 100 cd/m2 light amplitudes, whereas it was 
much smaller at 0 cd/m2 and 200 cd/m2 (1.45% and 2.11%, 
respectively).

When the groups were compared, there was a statisti-
cally significant difference in pupil size at all light amplitudes 
between Group 1 (15-30 years) and Group 4 (over 60 years) 
(p<0.05). In particular, the difference at low light amplitudes 
was more obvious.

In a comparison of Group 1 with Group 2, the difference 
in pupil size was significant at 0, 1, and 10 cd/m2 (p=0.03, 
0.02, and 0.02, respectively), while it was not significant at 
high light amplitudes (100 and 200 cd/m2) (p=0.16 and 0.21, 
respectively).

Likewise, when comparing Group 1 with Group 3, at 0, 1, 
10 cd/m2 light amplitudes, there was a significant difference, 
whereas at 100 and 200 cd/m2 light amplitudes, the differ-
ence was not significant.

No significant difference in pupil response at any light 
amplitude was seen in a comparison of Group 2 with Group 
3 or between Group 3 and Group 4 (p>0.05). There was a 
significant difference only at 0 cd/m2 light amplitude between 
Group 2 and Group 4 (p=0.001). (Table 2)

When the correlation between pupil size and age was 
evaluated, a statistically significant negative correlation was 

observed at all light amplitudes. The statistical results were 
summarized in Table 3.

The correlation with increased age is stronger at low il-
luminations (Tables 2 and 3). At low light amplitudes, pupil 
diameter was smaller in the older participants.

Discussion

Pupillary light reflex appears at about 5 months postpartum 
and becomes active after 6 months. Pupil size is small during 
infancy; it becomes larger with age and reaches its maxi-
mum diameter in adolescence. It gradually decreases in the 
following years. The pupil has a diameter of 2.5-5.0 mm in 
normal individuals at rest. Pupil diameter is influenced by the 
age of the individual, psychogenic condition, and status of 
expirium or inspirium (3, 4). In this study, the pupil diameter 
of older adults was smaller at all light amplitudes compared 
with younger individuals. 

The iris controls the amount of light entering the eye by 
dilating or contracting. Pupil diameter created by the iris can 
enlarge to 8 mm under dim light and decrease to 1.5 mm un-

Light amplitude Illumination
  Group 1   Group 2   Group 3   Group 4

(cd/m2)  RE  LE RE  LE RE  LE RE  LE

0  Unilateral 5.80  5.74 5.06  5.16 4.67  4.71 4.52  4.20

  Bilateral 5.63  5.70 4.96  5.05 4.51  4.42 4.28  4.30

1  Unilateral 4.55  4.70 3.95  4.13 3.96  3.87 3.87  3.61

  Bilateral 4.25  4.36 3.80  3.88 3.69  3.57 3.49  3.54

10  Unilateral 3.53  3.47 3.30  3.26 3.20  3.07 3.10  2.93

  Bilateral 3.19  3.38 2.76  2.83 2.77  2.78 2.79  2.74

100 Unilateral 2.87  2.69 2.54  2.54 2.56  2.50 2.55  2.55

  Bilateral 2.51  2.68 2.43  2.48 2.44  2.42 2.50  2.41

200 Unilateral 2.70  2.47 2.40  2.46 2.45  2.39 2.39  2.38

  Bilateral 2.41  2.55 2.33  2.38 2.36  2.36 2.38  2.38

LE: Left eye; RE: Right eye.

Table 2. The pupil diameter obtained in the right and left eye at different light amplitudes according to group

  Right eye   Left eye

Light amp- Pearson  p Pearson  p

litude (cd/m2) correlation   correlation

0 -0.60  0.000 -0.66  0.000

1 -0.40  0.000 -0.55  0.000

10 -0.33  0.000 -0.42  0.000

100 -0.31  0.001 -0.21  0.029

200 -0.31  0.001 -0.22  0.022

Table 3. Correlation between illumination intensity and age



Telek et al., The effects of age on pupil diameter 83

der very bright light. On a bright, sunny day, the light inten-
sity is 34.260-103.000 cd/m2 and there is maximal pupillary 
contraction. There is a strong relationship between pupil 
diameter and visual acuity. When background illumination 
was increased to 3400 cd/m2, greater visual acuity has been 
demonstrated. When the eye is focused on a near object, 
pupil diameter decreases (4-6).

The pupil size of individuals with myopia is larger than that 
of individuals with emmetropia and hypermetropia. This is 
probably due to the fact that myopes do not need to make 
accommodation for near sight (1-6). In order to eliminate the 
discrepancies that might arise from errors of refraction, we 
excluded eyes with refractive errors outside ±1.00 D range.

In recent years, various technologies have been devel-
oped to objectively evaluate pupil light reflex. Among these 
technologies, infrared videography and computerized pupil-
lometry are most often employed (4-7). Pupil measurements 
in our study were carried out with the advanced Monpack 
II electrophysiology device using its pupillometry program.

Age is one of the most important factors affecting the 
activity and the shape of the pupil. Scotopic, mesopic, and 
photopic pupil diameters decrease with age. This decrease is 
thought to be due to the increased effort to accommodate to 
conditions seen at advanced ages, as accommodative capabil-
ity decreases with age (8-15). Together with age, the shape of 
the pupil changes from a regular circular form to an irregular 
form. Pupil response is influenced by the initial pupil diameter, 
and the relationship between pupil response and the initial 
pupil diameter changes with age. The dynamics of pupillary 
response slow with age. Pupillary hippus at high frequencies 
also decreases with age. This means that the maximum speed 
of pupil contraction and dilatation decreases with age as well 
(16-18). Consistent with the data in the literature, the pupil 
diameter of elderly patients (Group 4) was smaller than that 
of the younger patients at all light amplitudes.

Glaucoma is a disease thought to affect pupil reactions; 
the dilatation speed of the affected eye is slower than that 
of the healthy eye. However, contraction speed is not influ-
enced by this neuronal loss. No explanation has yet been 
found for this. Glaucoma patients are reported to have rel-
ative afferent pupillary defect (RAPD). Cataract is thought 
to affect light reactions through a different mechanism and 
results in less light reaching the retina. Cataract is reported 
to cause RAPD as well (19).

As in previous reports (20-25), we have shown that older 
people have a smaller resting pupil diameter in the dark than 
younger individuals. The reduction in darkness reflex ampli-
tude and the prolongation of recovery time of the light reflex 
are consistent with the notion of a decrease in sympathetic 
activity occurring with old age. Such a mechanism may also 
explain the decline in resting pupil size with age. There is 

independent evidence that the sympathetic and parasympa-
thetic components of the autonomic nervous system change 
differentially with age. Pagani et al. (26) reported that during 
tilt, aging is progressively associated with attenuation of the 
low frequency (sympathetic) component of the heart rate 
power spectrum, whereas the parasympathetic response to 
tilt, detectable in the high frequency band, is relatively well 
preserved.

The observed changes in static and dynamic characteris-
tics of the pupil in older subjects are probably mediated by 
alterations in autonomic function, which may form part of a 
more general change in autonomic activity in old age. The 
precision and linearity of the decline of pupil size with age 
(27, 28) suggest that the pupillary system is very sensitive 
and most reliably reflects the normal aging process. It has 
been suggested that the decline in resting pupil size with 
age was due to senile iris degeneration leading to increased 
rigidity (25). Such a mechanism could perhaps account for a 
reduced light reflex amplitude or constrictive velocity, either 
directly or via a reduction in resting pupil size because of the 
floor effect mentioned earlier (29-33).

Older people have a reduced pupil diameter, consistent 
with a sympathetic deficit and/or parasympathetic disinhibi-
tion. There is reduced darkness reflex amplitude and dilata-
tion velocity, consistent with a sympathetic deficit. Further-
more, older subjects have a prolonged pupillary light reflex 
recovery time, consistent with a sympathetic deficit (8). It 
has been reported that the dynamics of pupil responses are 
influenced by the biomechanics of the iris muscle plant (12). 
The form of the pupil also shows age-related change, pre-
sumably due to structural alterations (28), such as changes 
in the contractility of the muscle fibers, stromal atrophy with 
loss of connective tissue, and hyaline degeneration (9).

The physiological aspects of the effect of pupil size should 
be considered in terms of both behavioral and underlying 
neural mechanisms. Under photopic light levels, regulation 
of light flux is important; the pupil is small and demonstrates 
pupillary capture. With a step change in light level, there is 
a large gain in response and the pupil size change is main-
tained. The pupil is an effective (low pass) regulator. Gain, 
as first described for the pupil by Stark and Sherman (16), is 
the percentage change in aperture divided by the percentage 
change of light.

Under scotopic light levels it is less important for the 
pupil to regulate long-term light flux onto the retina; the 
pupil is large and demonstrates pupillary escape. With a step 
change in light level, the response has a smaller, but relatively 
high, gain for a brief period, and then with redilatation, the 
gain is greatly reduced, becoming almost insignificant. Thus, 
a large quantity of light can enter the eye in these mesopic 
and scotopic conditions. The pupil can only be considered a 
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partial (or band pass) regulator for brief changes of light (13).
As mentioned in other studies, we have shown that pupil 
responses to light can be influenced by age. This should be 
taken into consideration when evaluating pupil reactions. 
There are studies about pupil reaction, but unlike other 
studies, we found that at advanced ages, especially under 
low illumination (0 and 1 cd/m2), there is a slowing of the 
pupillary response.

In conclusion, advanced age affects pupil reaction. At ad-
vanced ages, especially under low illumination (0 and 1 cd/
m2), the pupillary response is slower. We think that more 
advanced electrophysiological studies are needed to identify 
the etiology behind differences in pupil diameter.
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