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Contrast sensitivity assessment in different age
group in medium and high spatial frequency

Avaliacdo da funcao de sensibilidade ao contraste em diferentes
faixas etarias nas médias e altas frequéncias espaciais

Reinaldo de Oliveira Sieiro', Leticia Maria Coelho?, Patricia Castro Vilas Boas®, Samira Chalub Fonseca’®, Sheila Rodrigues
Souza?®, Thais de Paula Guimaraes?

ABSTRACT

Objective: To compare contrast sensitivity in different age groups: 20 to 25, 40 to 45 and above 60 years old. Methods: We performed a
cross sectional study with individuals of different ages, with visual acuity better than 20/25, without eye disease and without prior eye
surgery. Visual acuity was measured by Snellen test and contrast sensitivity was evaluated by OPTEC 3500P® equipment. Statistical
analysis was performed using Wilcoxon test, considering a 95% confidence interval. Results: Compared to patients between 20 and 25
years old, patients between 40 and 45 years old did not presented decreased contrast sensitivity in any of evaluated frequencies. When
compared to patients between 40 and 45 years old, patients over 60 years old presented decrease in contrast sensitivity at frequencies of
6,0 to 12,0 cpg in diurnal mode and 3,0 to 18,0 cpg in nocturnal mode. But when compared to patients between 20 and 25 years, patients
older than 60 years old showed contrast sensitivity decreased in the frequencies of 3,0 to 18 cpg in diurnal mode and at all frequencies in
nocturnal mode. Conclusion: Contrast sensitivity seems to decrease with age, after 45 years old, especially in middle and high spatial
frequencies. This condition may affect reading, direction and mobility, as well as other daily activities.
Keywords: Contrast sensitivity; Visual perception; Vision screening; Aging; Vision disorders

Resumo

Objetivo: Comparar a sensibilidade ao contraste nas faixas etdrias de 20 a 25, 40 a 45 e acima de 60 anos de idade. Métodos: Realizou-
se um estudo transversal com individuos de diferentes idades, com acuidade visual superior a 20/25, sem doenga ocular e sem cirurgia
oftalmoldgica prévia. A acuidade visual foi medida pelo teste de Snellen e, a sensibilidade ao contraste, pelo aparelho OPTEC
3500P®. A andlise estatistica foi realizada pelo teste de Wilcoxon, considerando um intervalo de confianca de 95%. Resultados: Em
relagdo aos pacientes de 20 a 25 anos, os de 40 a 45 anos ndo apresentaram diminuicao significativa da sensibilidade ao contraste em
nenhuma das frequéncias espaciais avaliadas. Comparando os pacientes acima de 60 anos aos de 40 a 45 anos, houve diminui¢do da
sensibilidade ao contraste nas frequéncias de 6,0 a 18,0 cpg no modo diurno e de 3,0 a 18,0 cpg no noturno. J4 quando comparados
aos de 20 a 25 anos, os pacientes maiores de 60 anos mostraram diminui¢do nas frequéncias de 3,0 a 18 cpg no modo diurno e em
todas as frequéncias no modo noturno. Conclusio: A func¢io de sensibilidade ao contraste parece diminuir com a idade, apds os 45
anos, principalmente nas médias e altas frequéncias espaciais. Isso pode impactar na leitura, na dire¢do e na mobilidade, dentre
outras atividades didrias.
Descritores: Sensibilidades de contraste; Percepcao visual; Selecdo visual, Envelhecimento; Transtornos da visdo
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INTRODUCTION

several functions, like visual acuity, contrast sensitivity, vi-

sual field, motion perception, color perception’.

Although it is one of the most practiced ophthalmic
routines, visual acuity is only one of the visual functions.
Whereas its measurement consists on the identification of the
smallest optotype in maximum contrast condition (perfect sight),
contrast sensitivity tests seek to evaluate the daily vision? This
is the so-called functional vision, and reflects vision in real
situations with the perception of images of different sizes and
different levels of contrast®*.

The ability to detect low-contrast objects is an important
aspect in the visual performance, and is directly related to the
ability to perform everyday tasks, such as driving, reading,
walking, recognizing faces and using the computer. Evidence
also suggests that contrast sensitivity can help detect and
monitor diseases such as glaucoma, cataract, keratoconus,
macular degeneration, diabetic retinopathy and optic
neuropathy. Due to providing more information about the vi-
sual quality, it is widely used in the statement and evaluation of
results of surgeries and other eye treatments, and also in the
evaluation of patients with low visdo®*.

Not many researches were published so far evaluating
the contrast sensitivity curve in different ages, and work was
published evaluating it in the Brazilian population. The aim of
this study is to compare the contrast sensitivity in the age groups
of 20 to 25 years, 40 to 45 years, and over 60 years in a population
in Brazil.

Sight is one of the most important human senses, featuring

METHODS

This work is a cross-sectional study with individuals chosen
at random and who voluntarily underwent the ophthalmologic
tests proposed.

The ophthalmologic tests were performed on 118 eyes, 43
eyes being in the range from 20 to 25 years, 42 eyes in the range
from 40 to 45 years, and 33 eyes in the range above 60 years. The
sample was chosen at random and evaluated by the X? test in
order to verify its significance.

This study included only individuals with corrected visual
acuity equal to or above 20/25, with normal ophthalmologic exam,
without any eye disease, except ametropia (corrected), and no
history of ocular surgery.

The visual acuity was measured by the Snellen test, with
the best optical correction and by the same examiner.

The contrast sensitivity function was measured by means
of the apparatus OPTEC 3500P (Stereo Optical Co., Inc. USAQ),
again by the same examiner. This equipment employs the
Functional Acuity Contrast Test - FACT protocol, considered
one of the most suitable for clinical studies*’. Its measurements
are made by reading sine bars of high quality in the spatial
frequencies of 1.5; 3.0; 6.0; 12.0 and 18.0 cycles per degree (cpd).
The bars are arranged in a gray background, with constant
average illumination in an inclination of 15 degrees to the right,
0 degree (vertical) or 15 degrees to the left. Nine different levels
of contrast are evaluated in each spatial frequency, in a
progression of 0.15 logarithmic unit. The daytime basal
(photopic), nighttime basal (mesopic) and nighttime with glare
modes were tested. Once the calibration of the equipment is

automatic, no adjustments are required by the operator. The
equipment itself simulates photopic (85 cd/ m?) and mesopic (3
cd/ m?) conditions, besides mesopic with glare during the exam.

The statistical analysis of the data obtained was made using
non-parametric Wilcoxon test in order to test whether the variable
age influences the contrast sensitivity function. The results were
not considered significant when p < 0.05, therefore representing
a 95% confidence interval.

As it was an epidemiological study, patients were not
identified and signed the informed consent (TCLE) to participate
in the research. All provisions of ethics in research have been
observed, in accordance with resolution 196/96 of Conselho
Nacional de Satide/Ministério da Satide (CNS/MS). The present
work has been approved by the Research Ethics Committee of
Faculdade de Ciéncias Médicas de Minas Gerais (CAAE:
47164315.8.0000.5134).

ResuLts

When comparing patients aged from 20 to 25 years with
those aged from 40 to 45 years in all modes and in all spatial
frequencies, there was no significant difference in the contrast
sensitivity function (Table 1).

Table 1
Significance of contrast sensitivity variation (p) between
the age groups from 20 to 25 years and from 40 to 45
years in all spatial frequencies and in all modes

Frequencies (cpd) 1.5 3.0 6.0 12.0 18.0
Daytime
g Basal 0.084 0.223 0.418 0.620 0.083
T‘_; Nighttime
g Basal 0.065 0.130 0.381 0.342 0.174
With
Glare 0.103  0.153 0.679 0.116 0.192

When age group from 40 to 45 years was compared to the
age group above 60 years, there was a significant decrease in the
contrast sensitivity function in patients over 60 years in the spatial
frequencies of 6.0 cpd; 12.0 cpd and 18 cpd in daytime basal
mode, in all frequencies in the nighttime basal mode, and in the
frequencies of 3.0 cpd; 6.0 cpd; 12.0 cpd and 18 cpd in the nighttime
basal mode with glare (Table 2).

Table 2
Significance of contrast sensitivity variation (p) between
the age groups from 40 to 45 years and 60 years or above
in all spatial frequencies and in all modes

Frequencies (cpd) 1.5 3.0 6.0 12.0 18.0
Daytime
o Basal 0.156 0.069 0.000 0.000 0.003
—: Nighttime
E Basal 0.038 0.001 0.001 0.000 0.000
With
Glare 0.011 0.001 0.000 0.000 0.000
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When age group from 20 to 25 years was compared to the
age group above 60 years, there was a significant decrease in the
contrast sensitivity in patients over 60 years in the spatial
frequencies of 3.0 cpd; 6.0 cpd; 12.0 cpd and 18 cpd in daytime
basal mode, and in all frequencies in the nighttime basal mode
and in the nighttime basal mode with glare (Table 3).

Table 3
Significance of variation of sensitivity to contrast (p)
between the ages 20 to 25 years and 60 years or more,
in all spatial frequencies, and in all modes

Frequencies (cpd) 1.5 3.0 6.0 12.0 18.0
Daytime
o Basal 0.008 0.036 0.001 0.001 0.000
= Nighttime
7 Basal 0.002  0.000 0.000 0.000 0.000
™ With
Glare 0.000 0.000 0.003 0.000 0.000

In the three age groups, the highest contrast sensitivity
values occurred in the middle frequencies, i.e., 3.0 cpd and 6.0
cpd, allowing the construction of a contrast sensitivity curve in
the shape of inverted “U” in all of them (Graphs 1,2 and 3).

Graph 1
Average contrast sensitivity in the three age groups, at all
frequencies, in the basal daytime mode (photopic).
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Graph 2
Average contrast sensitivity in the three age groups, at all
frequencies, in the basal nighttime mode (mesopic).
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Graph 3
Average contrast sensitivity in the three age groups, at all
frequencies, in the basal nighttime with glare.
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DiscussioN

With the growing aging of the population, it is essential to
identify the visual limitations related to age, as well as their impact
on performance of daily activities by the elderly’*.

The contrast sensitivity function is considered an important
aspect of the visual performance and the ability to perform daily
tasks®4, and seemed to decrease with aging, when patients were
divided into different age groups.

The lack of significant difference observed in the contrast
sensitivity function among patients aged from 20 to 25 years and
those aged from 40 to 45 years was already expected, since the
loss of contrast sensitivity seems to happen from 45 years’.

But the difference noted among patients from 40 to 45 years
and aged 60 years and above, especially in medium and high spatial
frequencies, reinforces the findings of other authors’!'.

The differences became even more evident when we
compared the patients aged from 20 to 25 years and those in the
age group of 60 years and above, as they were considered
extreme old.

Several studies show a worsening of contrast sensitivity in
medium and high spatial frequencies in photopic conditions with
aging®!>'4. The impairment of frequency of 6.0 cpd is particularly
important because this is the most often required frequency in
daily activities, and therefore it is called functional vision.

Cataracts and senile changes of the retina change the
contrast sensitivity even in their initial stages'>'¢. Thus, studies
differ in the magnitude of sensitivity loss to contrast with age,
since the density variations of the crystalline and the retinal age-
related changes vary in these studies. In the present study,
patients showed no clinically significant cataract.

The worsening in the contrast sensitivity with age may also
be due to neural factors like the reduction of retinal illuminance
by senile miosis!’, or due to the reduction of ganglion cell density
in the retina, or due to optic factors such as the increase of high-
order aberrations which can reduce the image contrast's.

The impact of contrast sensitivity loss in the routine of the
elderly is not well known. Some authors suggest that these
differences cannot be of clinical significance’.

However, the complaint of visual impairment to read under
low light is common in the elderly', as well as the change of habit like
avoiding to drive at night and the increased risk of collisions falls?>?.
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The sensitivity function curve to human contrast in the
shape of inverted “U” has also been observed by other researchers
in all the age groups studied”’. The present study confirmed
these findings. In the daily life, the medium spatial frequencies
(3.0 cpd and 6.0 cpd) are more used than the high frequencies
(12.0 cpd and 18.0 cpd), responsible for the perception of details.

CONCLUSION

Although there are still few published studies, especially in
recent years, assessing possible variations of the contrast
sensitivity curve in the different age groups, the contrast sensitivity
function seems to decrease with age after 45 years, especially in
medium and high spatial frequencies.
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