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Ocular abnormalities among patients with Down syndrome
Khalid Awada and Yasser El-Nahhalb

aDepartment of Optometry, Faulty of Health Sciences Islamic University of Gaza, Gaza, Palestine; bDepartment of Toxicology and 
Environmental Sciences, Faculty of Science, The Islamic University-Gaza, Palestine

ABSTRACT
Introduction: Ocular abnormalities among down syndrome (DS) patients are a sensitive issue 
since the DS patients is a minor group in the general population.
Objectives: This study determined the prevalence of visual acuity, refractive errors, and ocular 
diseases among the DS patients; analyzed the association between refractive errors and (age, 
gender, visual acuity, and type of squint); and compared the results with similar studies in other 
countries.
Methods: Clinical examination of the eye included visual assessment with cyloplegic refraction 
and ocular motility. The visual acuity was evaluated according to the patient’s intelligence and 
responsiveness. The sample size was 50 children. All members of the Palestinian Association of 
DS patients were subject to ocular investigation after giving consent form from the parents.
Results: Results showed that 27 boys and 23 girls in the age range of 10–16 years were 
suffering from DS. The majority of visual acuity was 6/60 (22%) and minority was 6/6 (8%). 
Astigmatism (40%) was the highest ocular abnormality followed by hyperopia (36%), whereas 
the low prevalence was with myopia (14%) among both genders.
Conclusion: The study revealed the association between age and hyperopia and astigmatism. 
These results suggest the influence of environmental quality. This study recommends investi
gating the influence of environmental quality in the ocular abnormalities in DS and general 
population.
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1. Introduction

Down syndrome children (DSC) is a widespread fea
ture worldwide. It is the most frequent chromosomal 
aberration associated with mild to moderate mental 
disability, a characteristic facial appearance, and poor 
muscle tone in infancy [1]. DSC may have mild to 
severe ocular abnormalities worldwide. Considerable 
attention has been given for ocular abnormalities 
among DSC worldwide. For instance, high prevalence 
of refractive error (Ref Error) has been reported 
among DSC from China (56%) [2], Hong Kong 
(86.3%) [3], the UK [4], Turkey (85%) [5], Egypt 
(41) [6], and Israel [7].

Additionally, high prevalence of epicanthal fold 
has been reported among DSC from Italy (84%) [8] 
and Brazil (61%) [9].

Optic nerve atrophy has been reported among DSC 
from The Netherlands [10] and Belgium [11]. Blindness 
has been reported among DSC from the US [12]. 
Additionally, high prevalence of exotropia, bilateral 
cataracts, and retinitis pigmentosa has been reported 
among DSC from the USA [13]. A high prevalence of 
looking patterns has been reported among DSC from 
the UK [14], whereas a high prevalence of strabismus 
has been reported among DSC form Canada [15]. 

Furthermore, a high prevalence of blepharitis (81.9%) 
has been reported among DSC form Iran [16].

A high prevalence of congenital ocular abnormal
ities has been reported among DSC form Lomé [17], 
whereas DSC from Egypt [18] have a high prevalence 
of ocular abnormalities in patients with vitiligo (viti
ligo is an acquired pigmentary disorder affecting 0.5– 
2.0% of the population worldwide and may develop at 
any age).

On the other hand, low prevalence of nystagmus 
(29.2%), esotropia (26.1%), epiphora (21.5%), 
Brushfield spots (16.9%), and lens opacities (12.3%) 
has been reported in Slovenia [1]. DSC form Iran [19] 
have a high prevalence of prolate cornea.

As shown above, different types of ocular abnorm
alities have been reported worldwide. It can be 
noticed that refractive error is the most common 
ocular abnormality found worldwide followed by 
epicanthal fold, whereas other ocular abnormalities 
are less reported worldwide. Furthermore, the above
mentioned reports have a wide information of ocular 
abnormalities in DSC from many countries world
wide, but a few reports from Arab countries are 
found besides the fact that no information from 
Palestine was reported. This study was designed to 
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report the ocular abnormalities in DSC from Gaza 
Strip, Palestine, and compare the results with those 
mentioned in the literature and discuss the reasons of 
differences.

2. Materials and methods

2.1. Description of the study

The study included 50 members of DSC in the 
age range of 10–16 years old with no restrictions 
on gender. The children were registered in the 
national Down syndrome association in Gaza 
(NDSA). They were born in 2005–2021. These 
children were subject to annual routine medical 
examination by local pediatricians in the NDSA 
who requested a full ocular examination test for 
all children. From an ethical point view, the med
ical investigation was done based on consent form 
completion by at least one parent of the child. 
The study excluded DSC suffering from chronic 
eye disease, history of known ear disorder, and 
history of autoimmune disease. The children were 
examined between 3 and 5 times. The clinical 
characteristics of their ocular pathology, including 
nystagmus, were investigated by performing 
a complete ophthalmological examination, 
expanded according to the child’s needs. The 
small size of the study population is due to the 
small number of DSC in Gaza Strip, Palestine, 
who are accommodated by the NDSA. 
Additionally, many parents of the DSC refused 
to sign the consent form to participate in the 
study. Moreover, the study excluded DSC who 
had previous eye disease.

Following the procedure described previously 
[1], visual acuity was assessed monocularly in 
cooperative children; otherwise it was assessed 
binocularly using Teller Acuity Cards, 
Cambridge Crowding Cards, Lea symbols, and 
various preverbal optotypes. Furthermore, refrac
tive error was performed at all examinations by 
retinoscopy and automatic refraction done with 
Nikon Retinomax Plus K2 [1].

Strabismus was evaluated with the Hirschberg 
test, the cover test, prisms, or other orthoptic 
methods, if possible. Eye motility was evaluated 
by observing eye movements when fixating 
a moving target.

Slit-lamp biomicroscopy was performed on eye 
lid, conjunctiva, cornea, and iris. Lens abnormal
ities were examined such as blepharitis, conjunc
tivitis, keratitis, and cataract.

The DSC were classified into groups according 
to gender and age. The percentage of each group 
was calculated. Ref Error was classified into three 
groups according to the following range: group 1 

has a range of 1–2.75 D, mild case, group 2 has 
Ref E range of 3–5.75D, mandate case, and group 
3 has a Ref E ≥ 6D, severe case.

2.2. Statistical analysis

Data analysis was conducted using IBM SPSS (version 
22.SPSS Inc., Chicago, IL, USA). Univariate analysis 
was used to evaluate the correlations between the Ref 
Error and visual acuity, age, gender and type of squint, 
and correlation between type of squint and corneal 
curvature.

Central corneal curvature was measured by auto
mated keratometry with paired readings taken in 
two orthogonal meridia. An average of three pairs 
of readings including axes was calculated. Corneal 
power in diopters (D) = 337.5/keratometry in mm 
(where 337.5 is the hypothetical refractive index of 
the cornea).

For comparison of eye abnormalities among coun
tries, the following statistical analysis was used.

Calculation of reference average and relative aver
age of Ref Error among countries.

Reference average (Ref Aver) of Ref Error was cal
culated according to recent published results [20] with 
slight modifications: 

Ref Aver ¼

Ref Error1½ � þ Ref Error2½ �

þ . . . Ref Errorn½ �

� �

N
(1) 

where RefError1½ �, RefError2½ �, and RefErrorn½ � are 
the value of Ref Error reported in country 1, country 
2, and country n (the last country), which can be an 
average or percentage reported in the country. N is the 
total number of Ref Error values reported in all 
countries.

Similarly, reference average of other eye abnormal
ity such as epicanthal fold can be calculated if neces
sary (if the parameter was reported in four countries).

Then, Relative average (Rel Aver) of Ref Error and/ 
or eye abnormality, in each country can be calculated 
according to Equation (2). 

Rel Aver ¼
Country average

Reference average
(2) 

Based on the results of Equation (2), Ref Error from 
different countries was subdivided into three cate
gories as follows.

Category I includes countries having Rel Aver value 
below 0.1 to <0.7, category II includes countries hav
ing Rel Aver values between 0.7–0.99, and category III 
includes countries having Rel Aver values ≥ 1.

To estimate the significant differences among the 
Rel Aver values of countries, the reference standard 
deviation (Ref Stdev) and Reference standard error 
(Ref Std Error) were calculated from the general for
mula of the calculation using the general statistics.
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Then, a country Std Error was calculated from 
Equation 3 as follows: 

a country Std Error ¼
Rel Stdev

ffiffiffi
n2
p (3) 

where n is the number of cases in a country having the 
eye abnormality. The values of standard errors of each 
country were used to indicate the error bars in the 
corresponding figure. The overlapping error bars indi
cate no significant differences in the relative means at 
p-value ≤ 0.05, whereas no overlapping indicates sig
nificant differences in the Rel Aver in the studied 
countries.

Additionally, forest plot was drawn for Ref Error 
to compare the distribution among country 
countries.

Eye abnormalities reported in less than four coun
tries were not compared because the data are not 
enough for pooling.

3. Results

3.1. Social parameter of the study

The study included 27 boys and 23 girls in the 
age range of 10–16 years having DS characteris
tics. The DSC are members in the Palestinian DS 
association in Gaza. They receive daily care by the 
association and their families.

3.2. Prevalence of ocular abnormalities (POA)

The POA among DSC in Gaza Strip, Palestine, is 
presented in Table 1. It can be noticed that ocular 
abnormalities include several eye diseases such as 
epicanthus, astigmatism, hyperopia, cataract, stra
bismus, ptosis, myopia, conjunctivitis, nystagmus, 
blepharitis, and madarosis with different 
frequencies.

It has been shown that epicanthus is the most 
common ocular abnormality (24 patients, 48%) 
among all cases followed by astigmatism (20 
patients, 40%), whereas hyperopia was reported 
in 18 cases. Additionally, cataract and strabismus 
were reported in 16 cases. On the other hand, 
minor eye abnormalities such as ptosis, myopia, 

conjunctivitis, nystagmus, blepharitis, and 
madarosis were reported in less than 10 cases 
each.

Definitions of the ocular abnormalities listed in 
Table 1 are shown below:

● Astigmatism is as an eye condition where the 
cornea is not perfectly round, so it cannot focus 
light evenly onto the retina located in the back of 
the eye.

● Myopia, is an eye disease where a distant object 
appears blurry, whereas close object appears 
clear.

● Hyperopia is an eye condition where a distant 
object is seen clearly, whereas a near object 
appears blurry.

● Epicanthus is a skin fold covering the medial 
angle of the eye.

● Cataract is a cloudy area in the lens of your 
eye.

● Strabismus is a misalignment of an eye, causing 
one eye to deviate inward (esotropia) toward the 
nose, or outward (exotropia), while the other eye 
remains focused.

● Ptosis is the medical name for the drooping of 
the upper eyelid, which can happen in one or 
both eyes.

● Conjunctivitis (pink eye) is an eye inflammation 
or infection of the transparent membrane (con
junctiva) that lines an eyelid and covers the white 
part of the eyeball. It can cause the white of the 
eye to take on a pink or red color.

● Nystagmus is an involuntary rhythmic side-to- 
side, up and down or circular motion of the eyes 
that occurs with a variety of conditions.

● Blepharitis is a common eye condition that 
makes eyelids red, swollen, irritated, and itchy.

● Madarosis is a terminology that refers to loss of 
eyebrows or eyelashes.

3.3. Visual acuity

Visual acuity is a measure of the ability of the eye 
to distinguish shapes and the details of objects at 
a given distance. Its prevalence among DSC is pre
sented in Table 2. It can be noticed that the major
ity of the DSC have visual acuity from 6/60 to 6/36, 
whereas 4 of them have a visual acuity of group 
6/6.

3.4. Refractive error

Refractive errors are a type of vision problem that 
makes it hard to see clearly. The prevalence of refrac
tive errors among DSC is presented in Table 3. It can 
be noticed that refractive error among DS patients 
includes three types of ocular abnormalities: 

Table 1. Ocular abnormalities among DSC.
Ocular abnormalities Number of patients Percentage

Epicanthus 24 48
Astigmatism 20 40
Hyperopia 18 36
Cataract 16 32
Strabismus 16 32
Ptosis 9 18
Myopia 7 14
Conjunctivitis 6 12
Nystagmus 4 8
Blepharitis 4 8
Madarosis 1 2
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astigmatism, hyperopia, and myopia. It is obvious that 
astigmatism was the highest incidence of abnormality 
(40%) followed by hyperopia (36%), whereas myopia 
was the lowest percentage found (14%) among DS 
patients.

Detailed descriptions of astigmatism, hyperopia, 
and myopia are shown in Table 4. It can be noticed 
that astigmatism cases are 28% at a Ref E range of (±1 
to ±2.75 D) mild cases, whereas 12% of the astigma
tism cases are in the ref E (≥ ±3 D) moderate cases.

On the other hand, 14% of hyperopia cases have 
a Ref E range of (+1 to +2.75 D) mild cases, whereas 
5% of the cases have a Ref E range of (+3 to +5.75 D) 
moderate cases, and only 6% of hyperopia cases have 
a Ref E value above +6 D, severe cases.

Furthermore, myopic cases are quite different. For 
instance, only one case (2%) has a Ref E range of (−1 to 
< −2.75 D) mild cases, whereas three cases (6%) have 
Ref E range of (−3 to < −5.75 D) moderate cases and 
only three cases (6%) have a Ref E range (Ref E ≤ 
−6.00 D).

Detailed descriptions of Ref E among the cases pre
sented in Table 3 are presented in Table 4. It can be 
noticed that mild, moderate, and severe Ref E are found 
in hyperopia and myopia cases, whereas severe Ref 
E was not noticed in astigmatism cases. This is probably 
due to the fact that hyperopia and myopia cases are 

optic nerve problem, whereas astigmatism cases are 
muscles problem.

The manifest threshold of astigmatism, hyperopia, 
and myopia are ±1 D, +1.0 D, and −1 D, respectively.

3.5. Strabismus

Detailed description of strabismus among DSC is 
shown in Table 5.

Sixteen children (32%) had strabismus among all 
cases reported (Table 1). Among them, seven cases 
have esotropia (14%) where this type was the most 
common type among all cases. Additionally, six cases 
have alternative esotropia and three cases have exo
tropia (Table 5).

3.6. Ocular manifestations

Ocular manifestations are presented in Table 6. 
Twenty-four DSC (48%) had prominent epicanthic 
fold, whereas 16 DSC (32%) had cataract in both 
eyes. Nine children (18%) had ptosis, whereas six 
children (12%) had conjunctivitis in the right eye. 
Additionally, four children (8%) had nystagmus. 
Another small group (four children) had blepharitis 
and one DSC (2%) had madarosis in both eyes.

3.7. Statistical relation between variables

The authors performed the statistical analysis to detect 
if ocular abnormalities listed in Table 1 are dependent 
or independent parameters. In other words, to detect if 
the DSC who have one parameter should have another 
one. If yes, p-value should be <0.05, if not p-value 
should be >0.05, indicating no association. In our 
cases, statistical analysis showed a p-value < 0.05 
between refractive errors and visual acuity, indicating 
an association between them. This suggests that if the 
child has Ref E he should have a problem with visual 
acuity. This is quite true in this study.

On the other hand, statistical analysis detected 
a high p-value (p-value ≥ 0.05) between refractive errors 
and age or any parameter of those listed in Table 1. 

Table 2. Visual acuity groups among DSC.
Visual acuity 6/60 6/36 6/24 6/18 6/12 6/9 6/6

Cases 11 13 9 2 7 3 4
% 22 26 18 4 14 6 8

Table 3. Types of refractive error among DSC.
Type of refractive error Number of cases % of cases

Astigmatism 20 40
Hyperopia 18 36
Myopia 7 14

Table 4. Frequency of astigmatism, hyperopia, and myopia 
among DSC.

Ref E range Astigmatism Hyperopia Myopia

+1 D to +2.75 D - 7 (14%) -
+3 D to +5.75 D - 5 (10%) -
≥ +6 D - 6 (12%) -
−1 D to −2.75 D - - 1 (2%)
−3 D to −5.75 D - - 3 (6%)
≤ −6 D - 3 (6%)
±1 D to ±2.75 D 14 (28%) - -
≥ ±3 D 6 (12%) - -

Table 5. Distribution of strabismus in DSC.
Type of strabismus Number of cases n (%)

Esotropia 7 (14%)
Alternating esotropia 6 (12%)
Exotropia 3 (6%)

Table 6. Ocular manifestations among DSC.
Ocular manifestations Number of patients Percentage

Epicanthus 24 48
Cataract 16 32
Ptosis 9 18
Conjunctivitis 6 12
Nystagmus 4 8
Blepharitis 4 8
Madarosis 1 2
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This indicates no association between Ref E and other 
parameters except vial acuity. This suggests that the 
majority of the ocular parameters are independent.

4. Discussion

4.1. Prevalence of ocular abnormalities

Table 1 clearly shows the prevalence of ocular 
abnormalities among DSC in Gaza Strip, Palestine. It 
has been shown that epicanthus is the most common 
ocular abnormality followed by astigmatism. 
Additionally, conjunctivitis, nystagmus, blepharitis, 
and madarosis less frequently occurred among DSC. 
These abnormalities may occur in DSC due to the fact 
that they had physiological disability in some muscles 
or nerves that may result in smoothly curved cornea or 
the eye lens not evenly working. In this case, the 
incident light rays are not refracted properly. This 
may result in having a refractive error. This is in 
agreement with previous reports [16,19] that found 
similar results. The high incidence of hyperopia in 
the eyes is in consensus with previous studies that 
reported similar findings with DSC [21].

On the other hand, the incidence of cataract and 
strabismus in the current study is 32%, which coin
cides with a previous study [22].

Furthermore, Table 2 clearly indicates that the 
majority of DS cases have a visual acuity of 6/60–6/ 
24, and the minority of them have a visual acuity of 
6/9 and 6/6. The explanation of these results is 
probably due to the fact that visual acuity is 
directly connected to the optical nerves of the eye.

Additionally, low vision among DSC may occur 
due to injuries affecting the eye and/or disorder such 
as diabetes and glaucoma that affects the entire body. 
Furthermore, DSC may have a low physical activity 
due to their health status and/or social parameters. 
This low activity may have a negative impact on 
their visual acuity and the general health status of the 
eye. This explanation is in accordance with Ong [23], 
who revealed that several eye conditions, including 
visual acuity, low vision, glaucoma, age-related macu
lar degeneration, and diabetic retinopathy, are asso
ciated with low activity levels. Noteworthy, Agrawal 
[24] revealed that glaucoma is projected to affect the 
visual acuity of more than 11 million individuals 
worldwide by the year 2020. Moreover, low vision 
may occur due to macular degeneration. Our explana
tion is in accordance with a previous report [25] that 
revealed the occurrence of low vision among popula
tions of different age groups. Low vision is not an age- 
related disorder, it can affect any one due to a variety 
of conditions and injuries. This is in accordance with 
a previous report [26] that revealed low vision in 
different age groups.

Additionally, Table 3 clearly shows the types of Ref 
E among the DSC, where mild, moderate, and severe 
cases were reported only on hyperopic and myopic 
cases only. This is probably due to the fact that the 
mentioned cases are connected directly to the optical 
nerve and the brain, whereas astigmatism is connected 
directly to the eye muscles. This is in agreement with 
Taylor [34], who found that hyperopic and myopic 
case are linked to the optical nerve of the eyes.

Table 4 clearly shows the frequency of astigmatism, 
hyperopia, and myopia among DSC.

The prevalence of astigmatism is 14% in the range 
±1 to ±2.75 D, whereas only 12% of the cases have 
a Ref E range above ±3 D. The prevalence of hyperopia 
is 14% in the range of Ref E + 1 D to +2.75 D, whereas 
hyperopia cases above +6 D are 12%. These results 
may appear among DSC because refractive error is the 
most common cause of subnormal visual acuity. 
Furthermore, refractive errors may be transient phe
nomena, as in diabetics whose blood glucose has 
recently been elevated. Additionally, myopia may be 
caused by the reversible osmotic swelling of the crys
talline lens that accompanies hyperglycemia. 
Moreover, previous infection or trauma may decrease 
the visual acuity. Noteworthy, retinal disorders may 
cause irreversible visual loss especially at age-related 
macular degeneration. Diabetic retinopathy may cause 
visual acuity loss, whereas nondiabetic retinovascular 
disorders may decrease visual acuity. This explanation 
is in accordance with Walker [27], who revealed simi
lar observation for other cases.

In this study, the percentage of myopia between 
1.00 Ds to 3.00 Ds was found to be (2%) for both 
eyes, then from 3 Ds to 5.00 Ds was found to be 6%. 
Furthermore, 6% myopia was more than 5.00 Ds.

The incidence of myopia in this study (14%, 
Table 1) is not significantly different from a previous 
study [6]. This indicates the validity of our results.

Moreover, Table 5 clearly demonstrates the strabis
mus classes among DS cases. This classification of 
strabismus is in accordance with a recent published 
work [28]. Furthermore, it appears that esotropia 
(14%) was more commonly observed than other 
types of strabismus, whereas exotropia was less com
monly observed (6%) among all cases. Our results are 
in accordance with Harrison [29], who found similar 
observation in a different location. In this study, the 
rate of unilateral exotropia was 4% and the rate of 
alternative exotropia was 2%.

Table 6 clearly shows ocular manifestation among 
DS cases in Gaza Strip, Palestine. It can be noticed that 
prominent epicanthic fold was the most common 
ocular manifestation in this study, and that was similar 
to last studies [30,31]. The percentage of nystagmus 
had 8% in the present study, in accordance with 
a previous study [32]. The incidence of the blepharitis 
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in this study was 8%, which is similar to the result of 
Paudel et al. [33], and Creavin and Brown [4] reported 
the results of 18 studies, the prevalence was 5% or less 
in eight of these studies, while two studies found the 
prevalence to be 20–37%. In this study, the frequency 
of cataract was 32%.

The high percentage of cataract among DSC is 
probably due to the fact that they did not make any 
surgery because health insurance does not cover sur
gical operation of eyes such as cataract.

The quite common results of ocular manifestation 
among DSC worldwide are probably due to the fact 
that those population (DSC) have quite a common 
feature and physiological aspects and/or quite similar 
responses to the external stress. These issues may 
stand behind common results worldwide.

4.2. Comparison between our results and those in 
the literature

A comparison between our results and those from the 
literature is presented in Table 7. It can be noticed that 
this study detected 12 ocular abnormalities, one of 
them eye and environment. All studies presented in 
Table 7 tested both gender (boys and girls) with dif
ferent age groups and up to 18 years. Regardless of the 
target groups and population size, the results have 
quite a common feature.

On the other hand, this study found 14 ocular 
abnormalities among Down syndromes, whereas 
other studies [1], [2,8] found fewer ocular abnormal
ities. This suggests the influence of environmental 
conditions, living conditions, food types, and may be 
socioeconomic factor. Although this study did not 
investigate the influence of environmental conditions, 
it emphasized it through the discussion section and 
provided scientific evidences from the literature. This 
may open a window for scientist elsewhere to integrate 
the influence of the environmental conditions, con
tamination, and ocular abnormalities.

Furthermore, regardless of the smallest population 
size of this study, it detected 12 ocular abnormalities, 
whereas the study of Wong and Ho [2] and Fimiani 
et al. [8] detected fewer cases of ocular abnormalities. 
This may highlight the influence of age group since 
those studies have a larger number of very young chil
dren. Additionally, this suggests that ocular abnormal
ities may be developed at a later stage at 5 years old. It 
can be concluded that this study integrates the picture 
of ocular abnormalities among DS population and 
opens a new area of investigation (age group and influ
ence of environment on the development of ocular 
abnormalities).

Furthermore, statistical analysis of data from some 
countries having the same parameter (Refractive 
error) is presented in Figure 1.

It can be seen that Refractive error in Palestine, 
Egypt, and China has values of relative average value 
of Ref error less than 1, whereas Turkey and 
Hong Kong have values greater than 1. 
Additionally, the error bars in Palestine Egypt and 
China are not contacting the Y-ax (the value of 
reference average of Ref Error) and can be 

Table 7. Comparison between our results and some of those from the literature. The correct symbole 
and dash indicate object done and not done respectively.

Item This study
Stirn Kranjc  

[1] Wong and Ho [2] Fimiani et al. [8]

Tested population 50 63 140 157
Age group 5–16 <1–13 <2–6 <3–18
Boys and girls √ √ √ √

Epicanthus √ - - -
Astigmatism √ √ √ √
Hyperopia √ √ √ √
Cataract √ √ √ √
Strabismus √ - √ √
Ptosis √ - - -
Myopia √ √ - √
Conjunctivitis √ - √ √
Nystagmus √ √ √ √
Blepharitis √ - √ √
Madarosis √ - - -
Esotropia √ √ - -

0.5 0.7 0.9 1.1 1.3 1.5 1.7

China

Hong Kong

Turky

Egypt

Pales!ne

Relative average

C
ou

nt
ri

es

Figure 1. Forest plot of data from five countries having differ
ent values of Refractive error.
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overlapped together indicating no significant differ
ence among each other. Similarly, Turkey and 
Hong Kong. On the other hand, the relative average 
subdivides the country into two groups: left side 
(Palestine, Egypt, and China) and right side 
(Turkey and Hong Kong). Since the error bars in 
the left side and the right side are not contacting the 
bar of relative average and do not overlap, this 
indicates significant differences. The similarity of 
the results in the left and right sides indicates the 
validity of results, whereas the differences between 
both sides may be attributed to the different sample 
size and physical environment.

5. Conclusion

The rationale of this study is that it investigates 
the ocular abnormalities among sensitive group of 
population. DSC demonstrated a high incidence of 
epicanthic fold, cataract, and strabismus, especially 
esodeviation. The study reports ocular abnormal
ities among DSC for the first time in Gaza Strip, 
Palestine. Epicanthus, astigmatism, and hyperopia 
were the major ocular abnormalities among DSC, 
whereas nystagmus, blepharitis, and madarosis 
were the minor abnormalities. Comparing the 
results among countries shows that Ref Error is 
quite similar in Palestine, Egypt, and China and 
different from Turkey and Hong Kong. 
Furthermore, this study investigated many eye 
abnormalities and compared them to other coun
tries (Table 7). This indicates that this study fills 
the gap on missing knowledge. It can be con
cluded that the study provided data that can 
advance our understanding in the field of ocular 
abnormalities among DSC. These data can be 
a suitable reference for young interested scientists 
that can better improve the quality of eye disease 
among DSC. On the other hand, the weak point of 
the study is that it dealt with a small population 
size of DSC. Additionally, DSC need special coop
eration and coordination team beyond the medical 
team. This study recommends the following 
points: (1) early eye investigation for children of 
DS characters (1–12  months age) followed by 
frequent investigations each year; (2) investigation 
of the influence of environmental quality in the 
ocular abnormalities in the DS and general popu
lation; (3) investigation of the risk of eye rubbing; 
and (4) investigation of the reasons of cataract 
formation.
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