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Abstract:

Background: Diabetes mellitus (DM) is a global major pathology that
affects macro and microvascular systems with associated ocular
complications, in which reduced contrast sensitivity (CS) is compromised.
Additionally, CS declines with aging. There is no available data in the
literature about the association between age and contrast sensitivity so far in
Palestine.

Objectives: The aims of this study were to determine the associations
between contrast sensitivity and age; and gender, and compare the contrast
sensitivity between diabetic and non-diabetic subjects.

Methods: A prospective study was performed using a case-controlled study
based on the assessment of subjects attending the Optometry Department,
Faculty of Health Sciences, Islamic University-Gaza. The functional acuity
contrast test (FACT) was used to estimate the contrast sensitivity in eyes of
normal and abnormal subjects. In this study, the data of 135 subjects were
collected in a period between December 2017 and June 2017 by using a
convenience sampling method. Statistical analysis was conducted using
Spearman rank in non-parametric data between contrast sensitivity and each
variable (IBM SPSS Version 20).

Results: There was a negative association between contrast sensitivity and
age for male and female subjects (r=-0.60, p<0.001; r=-0.45, p<0.001)
respectively. Male subjects > 50 years had higher scores of contrast
sensitivity compared to female subjects > 50 years (r=-0.34, p=0.008).
However, no significant association was found between male subjects < 50
years compared to female subjects < 50 years (r=-0.10, p=0.43). Diabetic
subjects had a lower value of contrast sensitivity compared to non-diabetic
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subjects. However, no significant association was found between both
groups (r=-0.25, p=0.19).

Conclusion: Age-wise, both males and females subjects who are 50 years
old and above had a lower contrast sensitivity values than younger subjects.
Contrast sensitivity was also found to be higher in males > 50 years old
compared to their counterpart females. Diabetes was not found to have an
association with the change of contrast sensitivity.
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Introduction

Contrast sensitivity (CS) is an essential aspect of vision (Haymes et
al., 2006). The CS is also commonly known as a function of spatial
frequency (Allard, Renaud, Molinatti, & Faubert, 2013) . Earlier
studies have shown contrast sensitivity to be measured by determining
the minimum contrast level required to detect stimuli of varied
frequencies (Nio et al., 2000);(Karas & McKendrick, 2009).
According to Oshika et al. 2006, CS is the visual ability to distinguish
shades of grey from each other or from their background, while colour
contrast sensitivity is the ability to discriminate varying shades of
colour — for example light blue from a darker blue. Studies conducted
by (Maéntyjarvi & Laitinen, 2001) and others, (Nio et al., 2000) ;
(Karas & McKendrick, 2009); (Allard et al., 2013) assessed contrast
sensitivity to different spatial frequencies, in addition to visual acuity.
Clinical studies found that the overall picture which emerges is that
age differentially affects contrast sensitivities of different spatial
frequencies, with low spatial frequencies affected the least, and high
spatial frequencies the most. This pattern appears to be evident even
when older cases have good visual acuity values between 6/9-6/6
(Chung & Legge, 2016). Numerous studies demonstrated that contrast
sensitivity declines with normal aging (Liutkevigiene, Cebatoriene,
LiutkeviGiene, Jasinskas, & Zaliuniene, 2013)(Owsley, 2011). This
might be due to a variety of reasons broadly categorized into optical
(Liutkeviciene et al., 2013)'(Owsley, Sekuler, & Siemsen, 1983) and
neural (Elliott, Whitaker, & MacVeigh, 1990)'(Burton, Owsley, &
Sloane, 1993) . Optical effects are caused by senile miosis, increased
lenticular light scatter, and ocular aberrations due to reduced retinal
illuminance. Sloane et al estimated that a 20-yr-old eye transmits
approximately three times of the amount of light as a 60-yr-old eye.
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Most studies found that a decrease in retinal illuminance caused by a
decrease in CS at high spatial frequencies. In an earlier studies, Spear
found that neural changes contribute to the decrease of contrast
sensitivity with aging. This condition is caused by various
physiological changes that occur at different levels of the visual
system. Previous study found that linear reduction in neuron density in
the cortex between the ages of 20 and 87 yrs. A large number of
various clinical studies of CS have revealed abnormalities in patients
with diabetes mellitus (DM), corneal edema, cataract, retinal disease,
optic neuritis, amblyopia, and glaucoma (Freedman & Thibos,
1975)(Regan & Neima, 1984). DM has become a major public health
concern in recent time (Aljarousha, Badarudin, & Che Azemin, 2016).
The global prevalence of diabetes is estimated to be 246 million in
2007 and would possibly reach up to 380 million by 2025 (Abd
Rahman, Badarudin, Che Azemin, Ahmad, & Arifin, 2018). Samuel et
al. found that contrast sensitivity testing may be useful in detecting the
early effects of diabetic retinopathy (DR) on neural activity since
visual acuity is often normal. In Palestine, there is no available data in
the literature about the association between age and contrast
sensitivity. Only very few recent published articles showed the change
of contrast sensitivity with aging in the Middle East (Hashemi et al.,
2012). The current study is the first to look at the decline of CS with
aging in Gaza Strip, Palestine. The results of this investigation may
serve to inform the eye-care community and may assist clinicians in
advising and managing their patients more suitably. Also, the results
of this study may enhance the understanding of the relationship
between CS and DM.

Methodology

Data collection

A prospective study was performed using a case-controlled study
based on the assessment of subjects attending the Optometry
Department, Faculty of Health Sciences, Islamic University -Gaza
(IUG). The study protocol has been approved by local ethics
committee from Ministry of Health. In this study, 135 adult
participants were examined from March to June 2017 by using a
convenience sampling method. The appropriate sample size was
determined by using the PS Software. Subjects were divided into three
groups according to age (< 50 vs. > 50-yrs old males), (< 50 vs. > 50-
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yrs old females); gender (< 50 yrs males vs. < 50 yrs females), (> 50
yrs males vs. > 50 yrs females) and diabetes mellitus (diabetic vs. non-
diabetic subjects). All subjects had visual acuity values between 6/9-
6/7.5. History of any previously confirmed systemic diagnosis of
diabetes by a specialist was recorded (self-reported). Patients who had
ocular surgeries or laser treatment, contact lens wear, rheumatoid
arthritis, Sjogren's syndrome and those who are taking any forms of
the medication such as antihistamines, tricyclic antidepressants, oral
contraceptives, drugs used to treat high blood pressure and diuretics
were excluded from the study. Functional acuity contrast test (FACT)
is a non-invasive method of assessing contrast sensitivity in the eyes
of normal and abnormal subjects (Nomura, Ando, Niino, Shimokata,
& Miyake, 2003). This test comprises of a chart with sine-wave
gratings of varying frequencies. The chart tests five spatial frequencies
(sizes) and nine levels of contrast. The spatial frequencies vary down
the columns from top to bottom and the FACT varies in row and
decreases from left to right. The technique was performed at a
distance of 10 feet. Participants were reported the orientation of the
grating: right, left or up and the last determined grating seen for A, B,
C and D rows was considered and it was plotted on a contrast
sensitivity curve.

Statistical analysis

Data analysis was done using IBM SPSS (Version 20.0, SPSS Inc,
Chicago, Illinois, USA). Non-parametric McNemar’s test was used for
data analysis. In this study, Spearman rank was used to evaluate
associations between contrast sensitivity and each of the independent
variables. The independent variables were age (< 50 vs. > 50-yrs old
males), (< 50 vs. > 50-yrs old females); gender (< 50 yrs males vs. <
50 yrs females), (= 50 yrs males vs. > 50 yrs females) and DM
(diabetic vs. non-diabetic subjects). With significance was calculated
at CI 95% and error 0.05

Results

Fifteen self-reported DM patients were identified from a total of 135
subjects (7 males and 8 females) with a mean + standard deviation of
53 + 7.9 years. For the purpose of comparison, 15 non-diabetic, age
and gender-matched subjects were chosen from the same patient pool:
7 males and 8 females with a mean + standard deviation of 56 + 5.1
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years. There were no significant differences in matched or other
unmatched characteristics between diabetic and non-diabetic subjects
(Table 1).

Table 1: Subjects’ characteristics

Diabetic subjects Non-diabetic p-value
(N=15, 30 eyes) subjects
(N=15, 30 eyes)
Mean age, years 53+79 56+ 5.1 0.919
(SD)
Male (%) 7 (46.7) 7 (46.7) 0.796
Female (%) 8 (53.3) 8 (53.3)

SD: standard deviation; N: number; %: percent
McNemar’s test

Contrast sensitivity was negatively associated with age both in males
and females (for males r=-0.60, p<0.001 and for females r=-0.45,
p<0.001) in the right and left eyes as shown in figure 1 and 2. Males >
50 yrs old were also found to have higher contrast sensitivity than
their females counterpart (r=-0.34, p=0.008) as shown in figure 3.
There was no significant association between diabetes and contrast
sensitivity in all groups studied. The values of correlation (r) in the
left eye were -0.18, -0.62, -0.45, -0.37, and -0.26 for males and
females < 50 years old, 50 < male subjects > 50 years old, 50 < female
subjects > 50 years old, females > 50 yrs vs. males > 50 yrs and
diabetic respectively.

Journal of Al Azhar University-Gaza (Natural Sciences), 2018, 20 (71)




Abuimara Amer et al.

Contrast sensitivity (Log
unit)

1.95
1.9
1.85
1.8
1.75
1.7
1.65

\

\

=Rt eye
\\ —Lteye
\
Age (<50 yrs vs. > 50 yrs)

Figure 1: Negatively association between contrast sensitivity and age
(<50 yrs vs. > 50 yrs) in male subjects in the right and left eyes (n=

120, p<0.001)
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Figure 2: Negatively association between contrast sensitivity and age
(< 50 yrs vs. > 50 yrs) in female subjects in the right and left eyes (n=

120, p<0.001)
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Figure 3: Negatively association between contrast sensitivity and > 50
yrs males vs. > 50 yrs females in the right and left eyes eye (n=120,
p=0.008)

Discussion

In the current study, there was a significant association between
contrast sensitivity and age for male and female subjects. The reason
for our finding might be because senile miosis, increased lenticular
light scatter, and ocular aberrations are due to reduced retinal
illuminance (Hashemi et al., 2012). Besides, previous studies had also
reported that neural changes contribute to the decrease of contrast
sensitivity with aging (Elliott et al., 1990)(Spear, 1993). This result is
consistent with earlier studies(Allard et al., 2013)'(Liutkeviciene et al.,
2013)(Owsley, 2011). We found male subjects > 50 yrs had higher
scores of contrast sensitivity compared to female subjects > 50 yrs.
This is consistent with a previous experimental study found lower
subjective contrast sensitivity in female rats(van Alphen, Winkelman,
& Frens, 2009). This result was also corroborated by a more recent
study from Iran (Hashemi et al., 2012). However, no significant
association was found between the < 50 yrs males vs. < 50 yrs females
and contrast sensitivity in the present study. Solberg and Brown also
reported that there was no correlation between gender and contrast
sensitivity. Diabetic subjects in this study had a lower value of
contrast sensitivity compared to non-diabetic subjects. However, no
significant association was found between both groups. This might be
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due to the information about the types of DM [insulin-dependent
diabetes mellitus (IDDM, type 1)] and (Non-IDDM, type 2) and the
three stages of diabetic nephropathy (DR) [background DR, pre-
proliferative DR and proliferative DR] were not available in the
current study. This is a limitation of the study. In contrast, many
studies have reported significantly decreased contrast sensitivity in
diabetic subjects (Regan & Neima, 1984)'(Abd Rahman et al., 2018).

Conclusion

It can be concluded that both males and females subjects who are 50
years old and above had a lower contrast sensitivity values than
younger subjects. Contrast sensitivity was also found to be associated
with > 50 yrs males vs. > 50 yrs females in the right and left eyes.
Several factors such as < 50 yrs males vs. < 50 yrs females and
diabetes mellitus were not associated with contrast sensitivity in both
eyes.

List of abbreviations (if any)

CS: Contrast sensitivity; FACT: functional acuity contrast test; DM:
diabetes mellitus; DR: diabetic retinopathy; IDDM, type 1: insulin-
dependent diabetes mellitus; Non-IDDM, type 2: Non-insulin-
dependent diabetes mellitus.
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