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Aim: The aim of this study was to provide a profile of oculo-visual anomalies in children with
Down syndrome (DS) in Port Harcourt, Nigeria.
Methods: This comparative study assessed the visual functions of 120 children (42 DS and
78 developmentally normal children). The visual functions evaluated and the techniques used
were: visual acuity (Snellen illiterate chart and Lea picture charts), refraction (static retinoscopy
with cyclopegia), ocular alignment (cover test), near point of convergence (pen and rule), and
external examinations and fundoscopy.
Results: A total of 42 children with DS (22 males, 20 females, mean age 11.43 ± 6.041 years)
and control group of 78 normal children (36 females, 42 males) with mean age 6.63 ± 1.98 years
were examined. Of the 42 DS children, visual acuity was less than 6/18 in eight and one of the
DS and control groups, respectively. Visual acuity could not be checked conventionally in eleven
participants from the DS group due to poor response. The main findings were: DS compared
to control group showed refractive errors of 76.2% (half of which was from myopia) vs 14.1%
(only 10% due to myopia). There was a statistically significant difference in total refractive errors
between the Down syndrome group and the control group (P = 0.001, χ2 = 18.29). Strabismus
was 9.5% (75% esotropia) vs 0%, and there was a statistically significant difference (P = 0.001,
χ2 = 5.01), nystagmus was 4.8% v 0%, conjunctivitis 19.05% vs 8.97%, and keratitis 7.14% vs
0%, which was statistically significant (P = 0.05, χ2 = 2.90).
Conclusion: Refractive errors were prevalent in a sample of children with DS in Port Harcourt,
Nigeria, whereas the prevalence of ocular diseases was low when compared to age-matched
control participants. This study highlights the need for ophthalmic care in children with DS.
Routine eye care such as the use of spectacles when necessary is recommended for people with
DS at all ages to improve their educational and social needs as well as overall quality of life.
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Down syndrome (DS), first comprehensively described in 1866 by a British physician
named Langdon Down,1 is a genetic condition in which a person has 47 chromosomes
instead of 46, with an extra copy of chromosome 21. This extra genetic material disrupts
the normal developmental processes, leading to characteristic intellectual, medical,
and physical abnormalities in persons with DS.2,3 DS (trisomy 21) is associated with
characteristic features that include physical (short stature, small heads, flat nasal
bridges, oblique palpebral fissures, prominent epicanthal folds, medical conditions
such as cardiac defects, skeletal abnormalities, and obesity,3–6 oculo-visual anomalies
including refractive and binocular-vision disorders, and anterior and posterior segment
disorders.7
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DS is associated with various medical conditions8,9 and
constitutes a major socioeconomic problem to our societies.
Advanced maternal age is the main documented risk
factor for trisomy 21,12 though it is speculated that paternal
age may play a role in DS births.13–15 DS is found in all races,
nationalities, and socioeconomic strata.13,15 The incidence
of DS is about one per 650–1000 live births worldwide.
Specifically, the incidence of DS is one in 865 live births in
Nigeria,10 and between 1.2 and 1.8 in every 1000 live births
in South Africa.11
Although the incidence of ocular anomalies in children
with DS varies in different studies,16–34 studies have shown that
children with DS are more at risk for several ocular disorders
than typical children.7–19 The prevalence of refractive errors
(myopia, hyperopia, and astigmatism) ranged between 3%
and 62.3%,16,19,20–27,30 strabismus 5% and 57%,16,19,21,26,29,35,36
and the prevalence of esotropia was higher than exotropia in
all the studies.16,19,21,26,29,35,36 Others include reduced amplitude
of accommodation (26%–91.8%),19,27,28 conjunctivitis (5.6%–
6.7%), 20,34 eyelid abnormalities (1%–6.7%), 25,26,29,30,33,34
blepharitis (especially high, at 30%–47%),18,27,31 Brushfield
spots (36%–81%),18,31 glaucoma (0.8%–6.7%),16,29,34 and
retinal disorders (1.7%–40%).27,29,31,34
Invariably, eye-care practitioners play an important role in
improving the quality of lives of persons with DS by attending to their visual needs. However, DS in Africa remains
poorly understood,11 and eye care for persons with DS is still
inadequate.19 Although several studies have been conducted
on persons with DS in various racial groups,16–34 available
studies that have assessed ocular features of persons with
DS are few in the African populations.19–20 Moreover, studies
on African populations lacked comparison groups with the
general population. Using comparison groups is important
in identifying unique ocular anomalies in children with DS.
Consequently, we studied the ophthalmic status of children
with DS compared with an age- (chronological), socioeconomic, and sex-matched control group of normal children
from the general school-age population. The aim of the study
was to characterize oculo-visual anomalies in our sample of
African children with DS that will help to identify high-risk
ocular conditions in persons with DS.

Materials and methods
Ethics clearance was obtained from the University of Port
Harcourt Teaching Hospital (UPTH) biomedical research
ethics committee. Informed consent was obtained from
the parents or guardian who accompanied the children.
For the control group, group consent was obtained from
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school authorities. For both the DS and the control groups,
the nature and purpose of the study was explained to the
participants/parents and the group representative. The study
participants in this comparative study comprised persons with
DS attending the UPTH eye clinic and were mainly those who
were attending special schools for people with intellectual
disability, who had been brought by their parents or guardians
from their homes in the Port Harcourt metropolis. Other DS
cases were children attending “well baby clinics,” who were
brought by their mothers to the eye clinic. The “well baby
clinic” is a unit of the pediatric and community medicine
departments at the UPTH where routine immunizations and
health talks are given.
As it was impossible to conduct a cytogenetic chromosomal
assay, all participants were diagnosed as having DS based
only on their physical and clinical features; therefore, we do
not know the type of DS each participant had. The control
group was comprised of children attending the UPTH “well
baby clinics” and from a mainstream primary school in the
Port Harcourt metropolis. The study was conducted between
April and August 2011.
The following tests were performed on each DS
participant: visual acuity (both unaided and with pinhole)
before and after refraction, tested using the Snellen illiterate
E chart, and Lea picture charts or Lea paddles (preferential
looking) test depending on their abilities, interpupillary
distance using an interpupillary distance (IPD) rule. Ocular
alignment was evaluated using the prism cover test, and
the near point of convergence (NPC) was assessed using a
fixation target (tip of a pen) brought in towards the child’s
eye from 40 cm, with the distance where one eye begins to
deviate measured from the respondent’s lateral canthus with
a tape measure. Detailed external eye examination as well
as dilated fundus examination was performed using direct
and binocular indirect ophthalmoscopy. The Keeler SL-16
slit-lamp (Keeler Ltd, Windsor, UK) biomicroscope was
also used where possible. The refractive status was evaluated
using the streak retinoscope (Welch Allyn 3.5V Elite Streak
Retinoscope; Model 18245, Welch Allyn Inc, Skanateales
Falls, NY) in cycloplegia. For cycloplegic refraction, a drop of
1% cycloplentolate was instilled at about 5-minute intervals
into the conjunctival fornix of the participants three times.
To minimize systemic absorption and a possibility of raised
intraocular pressure, which may occur in patients with DS,
the puncta was occluded accordingly. Retinoscopy was then
carried out upon dilatation on cooperative children. Objective
retinoscopy data for the right eye were used for the analysis.
All external, anterior, and posterior segment examinations
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were performed by an ophthalmologist, while other tests
were performed by an optometrist. Due to inattention and a
lack of cooperation, it was impossible to perform all the tests
on all the DS participants. Refractive errors were defined as
myopia $−0.50 D, hyperopia as $+1.00 D, and astigmatism
as $ −0.75 cyl.16,34
The data were analyzed using Epi Info version 6.04d
(Centers for Disease Control & Prevention, GA). Frequency
was presented in percentages; means and standard deviation
were calculated for descriptive and comparative purposes. For
comparison between the means of the two groups, all data
were subjected to Fisher’s exact test. The level of significance
considered to support our hypothesis was taken as P , 0.05.

Results
A total of 42 children with DS (22 males, 20 females) aged
between 6 months and 28 years (mean age of 11.43 ± 6.041
years) were examined. The control group was 78 children
(36 females, 42 males, age range 3–13 years, mean age
6.63 ± 1.98 years). Findings were as follows: visual acuity was
less than 6/18 in eight and one of the DS and control groups,
respectively. Visual acuity could not be checked conventionally
in eleven subjects in the DS group due to poor response/
poor understanding of the test, but eight of the participants
may be amblyopic. The mean palpebral fissure height in the
DS group was 8.6 ± 1.083 mm in the Right Eye (RE) and
8.3 ± 1.519 mm in the Left Eye (LE). The palpebral fissure
height for the RE in the control group was 10.064 ± 0.958 mm
and 10.115 ± 0.911 mm. There was a statistically significant
difference between the DS and control groups (P = 0.00 for
Both Eyes, χ2 = 7.65 for the RE and χ2 = 8.24 for the LE).
For the DS group, the mean IPD for near was 57.5 ± 2.57 mm
and 59.5 ± 2.51 mm for distance, and the mean NPC was
16.714 ± 2.298 mm. For the control group, the mean IPD
was 56.74 ± 2.58 mm and 58.74 ± 2.58 mm for near and
distance, respectively, while the NPC was 16.68 mm ± 3.014.
These were not statistically significant. Using the right eye as
sentinel for the DS group, the total prevalence of refractive
error was 76.2% (n = 32) whereas in the control group, using
the RE as sentinel, 14.1% (n = 11) of the control participants
had refractive errors. There was a statistically significant
difference in refractive errors between the DS and control
groups (P = 0.001, χ2 = 18.29). Refraction improved vision
in 13 cases (40.6%) of the DS group (eleven of which were
myopic), which was measurable up to three lines better than
before on average (P = 0.001, χ2 = 18.29). Eight subjects (25%
of the 32) could not respond appropriately to the tests, but five
cases (15.6% of the 32) were believed to have improved. Vision
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did not improve in the remaining eleven cases (34.4% of
the 32), possibly due to amblyopia. Refraction improved
visual acuity in seven cases (63.6%), only two of which were
myopic. Four cases (36.4% of the eleven) did not improve,
due to coexisting cupped discs in three cases (27.3%) and pale
atrophic discs in one case (9.1%). Allergy was noted in the
form of conjunctivitis more in the control (less than 10%) than
in the DS group, though this was not statistically significant.
Other details are indicated in Tables 2–4.
Nystagmus was significantly more prevalent in the DS group
(4.8%) than in the control (0%). Strabismus was present in 9.5%
(n = 4) of the DS group, the most prevalent being esotropia (three
cases). This was statistically significant (P = 0.01, χ2 = 5.01).
No participant in the control group had strabismus (Table 1).
Table 2 shows the details of anterior segment disorders noted
in both groups, with the presence of keratitis being statistically
significant in the DS group compared with the controls (P = 0.05,
χ2 = 2.90). The most common ocular features observed among
the control group were cupped discs in 18 cases (23.1%), seven
cases of vernal conjunctivitis (8.97%), and six cases of optic
atrophy (7.67%), none of which were statistically significant.
A summary of other anomalies is shown in Table 4.

Discussion
We compared the ocular findings in persons with DS with an
age-matched control group. Our study showed the prevalence
of refractive errors, strabismus, and nystagmus was higher in
the DS group than the control group. There was a statistically
significant difference in myopia and myopic astigmatism when
comparing the DS group and the control (P = 0.001, χ2 = 20.53;
P = 0.001, χ2 = 5.86 for the RE; P = 0.001, χ2 = 15.93; and
P = 0.001, χ2 = 5.74 for the LE). None of the participants in
the control group had strabismus. The frequency of nystagmus
(4.8%) was significantly higher in the DS than in the control
group (P = 0.001, χ2 = 6.30) (Table 1).
Table 1 Frequency of refractive errors, strabismus and nystagmus
in Down syndrome (DS) and control groups
Defect

DS group Control group χ2
n (%)
n (%)

P-value

Visual acuity (,6/18)
Myopia
Hyperopia
Astigmatism
Total refractive errors
Emmetropia
Strabismus
Nystagmus

8 (36.3)
16 (38.1)
4 (9.5)
12 (28.6)
32 (76.2)
10 (23.8)
4 (9.5)
2 (4.8)

0.00*,F
0.00*,C
0.457F
0.01*,C
0.00*,C
0.00*,C
0.01*,F
0.01*,F

1 (1.3)
1 (1.3)
4 (5.2)
5 (6.5)
11 (14.1)
68 (87.2)
0 (0.0)
0 (0.0)

9.99
18.96
0.29
6.48
18.29
10.89
5.01
6.30

Notes: *Significant (P , 0.05); FP-value derived from Fisher’s exact test; CP-value
derived from Pearson’s chi-square.
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Table 2 Anterior segment disorders in Down syndrome (DS)
and control groups
Disorder

DS group
n (%)

Control group
n (%)

χ2

P-value

Allergy
Blepharitis
Chalazion
Conjunctivitis
Hypochromia iridis
Keratitis
Buphthalmos
Nasolacrimal duct
obstruction
Total
No abnormality
detected
Total

1 (2.38)
1 (2.38)
1 (2.38)
8 (19.05)
1 (2.38)
3 (7.14)
1 (2.38)
1 (2.38)

7 (8.97)
2 (2.56)
0 (0.0)
7 (8.97)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0.99
0.30
0.09
1.22
0.09
2.90
0.09
0.09

0.269F
1.000F
0.355F
0.270C
0.355F
0.05*,F
0.355F
0.355F

Alopecia
Macroglossia
Mongoloid
Flat nose
Hypertelorism
Autism
Cerebral palsy

17 (40.48)
25 (59.52)

16 (20.50)
62 (79.48)

5.46

0.02*C

42 (100.0)

78 (99.98)

(P = 0.001, χ2 = 27.86). The prevalence of strabismus in
the DS group in our study (9.5%) was higher than findings
reported by Paudel et al,35 but lower than in other studies:
18.2%,19 27%,30 21.8%,31 26.7%,33 and 23%.40 As in the current study, esotropia has been reported to be more prevalent
than exotropia in DS populations.16,19,25,29,37 Bromham41 et al
reported that nystagmus was a feature of DS in his series.
However, only 4.8% (two cases) of our DS group had nystagmus. Ocular diseases were not prevalent in our DS sample.
The 19.05% prevalence of conjunctivitis was similar to the
16% prevalence of blepharoconjunctivitis reported by Kim
et al,16 though there was no statistically significant difference when compared with the control group (Table 2). Early
cataract formation, which may reflect the faster aging process
in many persons with DS,15 was not prevalent in our sample.
Cupping of the discs and optic atrophy, however, were less
prevalent in the DS group than in the control group (Table 3).
This study is significant in that it enhanced an understanding
of ocular features in African children with DS and will help
to guide diagnosis, treatment, and health-policy planning for
persons with DS. Advocacy for DS children to be offered
special education programs is necessary, as they have
associated learning difficulties from their mental handicap.

Notes: *Significant (P , 0.05); FP-value derived from Fisher’s exact test; CP-value
derived from Pearson’s chi-square.

A spectrum of ocular anomalies is prevalent in DS and has
been described extensively in the literature across different
racial groups.16–34 Previous studies7–19 have established that
refractive errors and strabismus are more prevalent among
children and young adults with DS when compared with
controls, as reported in other studies.17,23,24,38,39 For refractive
errors, our finding of 38.1% prevalence of myopia (Table 1)
is comparable to findings from other studies17,23,24,38,39 and
lower than findings by other authors,17,24,39 although higher
than findings reported by others.19,27,35,40 In children with
DS, heart defects have been reported to be associated with
myopia, although the mechanism is not clear.22,27,41 Our finding on hyperopia (9.5%) is comparable to other studies with
a reported range of between 12%26 and 15%,22 but lower
than reports by other authors.19,29,30,40 Our finding of 28.6%
prevalence of astigmatism is similar to the findings in other
studies,19,20,22,25,26,29,38,42 although lower than findings reported
by other authors.17,24,40 The high incidence of refractive errors
among children with DS is believed to be caused by failure
of emmetropisation.39,34 Visual acuity was improved to a statistically significant degree in the DS group after refraction
Table 3 Fundus abnormalities in Down syndrome (DS) and
control groups
Disorder

DS group
n (%)

Normal group
n (%)

χ2

P-value

Cupped disc
Optic atrophy
Persistent hyaloid
artery

4 (9.52)
2 (4.76)
0 (0.0)

18 (23.1)
6 (7.67)
1 (1.28)

1.69
0.05
0.10

0.193F
0.714F
1.000F

Notes: FP-value derived from Fisher’s exact test; CP-value derived from Pearson’s
chi-square.
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DS group
n (%)

Control group
n (%)

χ2

P-value

1 (2.38)
1 (2.38)
0 (0.0)
3 (7.14)
0 (0.0)
3 (7.14)
3 (7.14)

0 (0.0)
0 (0.0)
4 (5.12)
0 (0.0)
1 (1.28)
0 (0.0)
0 (0.0)

0.09
0.09
0.84
2.90
0.10
2.90
2.90

0.355F
0.355F
0.299F
0.05*,F
1.00F
0.05*,F
0.05*,F

Notes: *Significant (P , 0.05); FP-value derived from Fisher’s exact test.

Limitations
A limitation of this study that may affect the applicability
of the study findings was the poor response and inattention
from some of the DS participants. The use of visual evoked
responses could have been beneficial in further categorizing
some findings, but the facility was not available at our unit
at the time the study was conducted.

Conclusion
Refractive errors were prevalent in a sample of children with
DS in Port Harcourt, Nigeria, whereas the prevalence of
ocular diseases as well as uncorrectable visual loss was low.
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An understanding of the prevalence and distribution of ocular
abnormalities in DS populations will improve awareness
of these disorders and their medical sequelae, which will
enhance detection and management of these disorders. This
will subsequently improve the developmental capabilities
and the quality of life of children with DS.

Recommendations
Family physicians, authorities of special schools for children
with DS, and eye-care workers need to be aware of the
specific eye problems of persons with DS so that referral for
appropriate ophthalmologic care can be initiated promptly.
Furthermore, evaluation, treatment, and periodic review
of ocular and refractive findings in children with DS are
needed. Specifically, we suggest that persons with DS should
be monitored for vision and eye disease at the following
periods of life: (1) at birth, (2) at 2–3 years of age, (3) at
the beginning and end of school, (4) at 45 years of age
and every 5 years thereafter, and (5) in the case of vision
anomalies such as refractive errors, poor accommodation, or
strabismus, the frequency of examination should be increased
and determined individually by the ophthalmologist. Photo
screening may help save time and expense and encourage
parents to comply more with the annual checks necessary for
their DS children.43 The recommendations outlined above
will impact positively on the educational and social needs
of persons with DS.

Acknowledgments
We thank Dr C Chikezie and Dr Kejeh for collecting the
refraction data and the participants and their parents for
participating in the study. We also thank the authorities of the
University of Port Harcourt Teaching Hospital for permission
to use the facilities at the eye clinic.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Down JL. Observations on an ethnic classification of idiots. London
Hospital Reports. 1866;3:259–262.
2. Al-Shawaf R, Al-Faleh W. Craniofacial characteristics in Saudi Down’s
syndrome. King Saud Univ J Dent Sci. 2011;2:17–22.
3. Girirajan S. Parental-age effects in Down syndrome. J Genet. 2009;
88:1–7.
4. Scheiman M, Rouse M. Optometric Management of Learning-Related
Vision Problems. 2nd ed. Maryland Heights: Mosby; 2006.
5. Cherkaoui JC, Deqaqi S, Sbiti A, Natiq A, Elkerch F, Sefiani A.
Cytogenetic and epidemiological profiles of Down syndrome in a
Moroccan population: a report of 852 cases. Singapore Med J. 2010;51:
133–136.

Clinical Ophthalmology 2012:6

Ophthalmic manifestations of Nigerian Down syndrome children
6. Baum RA, Nash PL, Jessica EA, Foster JE, Spader M. Primary care of
children and adolescents with Down syndrome: an update. Curr Probl
Pediatr Adolesc Health Care. 2008;38:241–261.
7. Liyanage S, Barnes J. The eye and Down’s syndrome. Br J Hosp Med.
2008;69:632–643.
8. Bittles AH, Bower C, Hussain R, Glasson EJ. The four ages of Down
syndrome. Eur J Publ Health. 2007;17:221–225.
9. Morton G. Why do children with Down syndrome have subnormal
vision? Am Orthop J. 2011;61:60–70.
10. Adeyokunnu AA. The incidence of Down’s syndrome in Nigeria.
J Med Genet. 1982;19:277–279.
11. Christianson AL. Down syndrome in sub-Saharan Africa. J Med Genet.
1996;33:89–92.
12. Petersen MB, Mikkelsen M. Nondisjunction in trisomy 21: origin and
mechanisms. Cytogenet Cell Genet. 2000;91:199–203.
13. Howell G. Down’s syndrome and the general practitioner. J Royal Coll
Gen Pract. 1989;39:470–475.
14. Fisch H, Hyun G, Golden R, Hensle TW, Olsson CA, Liberson G. The
influence of paternal age on Down syndrome. J Neurol. 2003;169:
2275–2278.
15. Maino D. Mental retardation syndrome with associated ocular defects.
J Am Optom Assoc. 1990;61:707–716.
16. Kim JH, Hwang JM, Kim HJ, Yu YS. Characteristic ocular findings in
Asian children with Down syndrome. Eye. 2002;16:710–714.
17. Little JA, Woodhouse JM, Saunders JK. Corneal power and astigmatism
in Down syndrome. Optom Vis Sci. 2009;86:748–754.
18. Shapiro MB, France TD. The ocular features of Down’s syndrome. Am
J Ophthalmol. 1985;99:659–663.
19. Ebeigbe JA, Akpalaba R. Ocular health status of subjects with Down’s
syndrome in Benin City, Nigeria. Afr J Med Med Sci. 2006;35:
365–368.
20. Hanan H, Amira A, Azeem A, El-Bassyouni HT, Gheith ME, Rizk A.
Ocular findings and management in Egyptian children with Down
syndrome. J Am Sci. 2011;7:782–788.
21. Puig J, Estrella E, Galán A. Ametropia and strabismus in Down
syndrome. Int Med J Down Syndr. 2002;6:34–39.
22. Gardiner PA. Visual defects in cases of Down’s syndrome and in other
mentally handicapped children. Br J Ophthalmol. 1967;51:469–474.
23. Tsiaras WG, Pueschel S, Keller C, Curran R, Giesswein S. Amblyopia
and visual acuity in children with Down’s syndrome. Br J Ophthalmol.
1999;83:1112–1114.
24. Akinci A, Oner O, Bozkurt O, Guven A, Degerliyurt A, Munir K.
Refractive errors and strabismus in children with Down syndrome:
a controlled study. J Pediatr Ophthalmol Strabismus. 2009;46:83–86.
25. Fimiani F, Iovine A, Carelli R, Pansini M, Sebastio G, Magli A.
Incidence of ocular pathologies in Italian children with Down syndrome.
Eur J Ophthalmol. 2007;17:817–822.
26. Motley WW, Saltarelli DP. Ophthalmic manifestations of mosaic Down
syndrome. J AAPOS. 2011;15:362–366.
27. da Cunha RP, Moriera JB. Ocular findings in Down’s syndrome. Am J
Ophthalmol. 1996;122:236–244.
28. Woodhouse JM, Pakeman VH, Cregg M, et al. Refractive errors in young
children with Down syndrome. Optom Vis Sci. 1997;74:844–851.
29. Caputo AR, Rudolph SW, Reynolds DR, Guo S, Goel AK. Down
syndrome: clinical review of ocular features. Clin Pediatr. 1989;28:
355–358.
30. Roizen NJ, Mets MB, Blondis TA. Ophthalmic disorders in children
with Down syndrome. Dev Med Child Neurol. 1994;36:594–600.
31. Berk AT, Saatci AO, Ercal MD, Tunc M, Ergin M. Ocular findings in
55 patients with Down’s syndrome. Ophthalmic Genet. 1996;17:15–19.
32. Puesschel SM, Gieswein S. Ocular disorders in children with Down
syndrome. Downs Syndr Res Pract. 1993;1:129–132.
33. Mohd-Ali B, Mohammed Z, Norlaila MD, Mohd-Fadzil N, Rohani CC,
Mohidin N. Visual and binocular status of Down syndrome children in
Malaysia. Clin Exp Optom. 2006;89:150–154.
34. Liza-Sharmini AT, Azian ZN, Zilfalil BA. Ocular findings in Malaysian
children with Down syndrome. Singapore Med J. 2006;47:14–19.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

1863

Clinical Ophthalmology downloaded from https://www.dovepress.com/ by 34.239.172.52 on 03-Apr-2020
For personal use only.

Adio and Wajuihian
35. Paudel N, Leat SJ, Adhikari P, Woodhouse JM, Shrestha JB. Visual
defects in Nepalese children with Down syndrome. Clin Exp Optom.
2010;93:83–90.
36. Deacon MA, Woodhouse JM, Watts PO. Investigation of ocular
alignment and binocular single vision in children with Down’s
syndrome. Int Congr Ser. 2005;1282:88–92.
37. Yurdakul NS, Ugurlu S, Maden A. Strabismus in Down syndrome.
J Pediatr Ophthalmol Strabismus. 2006;43:27–30.
38. Cardiff University. Down’s Syndrome Home. Available from:
http://www.cardiff.ac.uk/optom/eyeclinic/downssyndromegroup/
downssyndromemain.html. Accessed September 19, 2012.
39. Doyle SJ, Bullock J, Gray C, et al. Emmetropization, axial length,
and corneal topography in teenagers with Down’s syndrome. Br J
Ophthalmol. 1998;82:793–796.

Clinical Ophthalmology

Publish your work in this journal
Clinical Ophthalmology is an international, peer-reviewed journal
covering all subspecialties within ophthalmology. Key topics include:
Optometry; Visual science; Pharmacology and drug therapy in eye
diseases; Basic Sciences; Primary and Secondary eye care; Patient
Safety and Quality of Care Improvements. This journal is indexed on

Dovepress
40. Ljubic A, Trajkovsk V. Refractive errors in children and young adults
with Down’s syndrome. Acta Ophthalmol. 2011;89:324–327.
41. Bromham NR, Woodhouse JM, Cregg M, Webb E, Fraser WI. Heart
defects and ocular anomalies in children with Down’s syndrome. Br J
Ophthalmol. 2002;86:1367–1368.
42. Arroyo-Yllanes ME, Ramirez-Sánchez EV, Pérez-Pérez JF, MagañaGarcía M. Refractive errors in normal children and children with Down
syndrome or cerebral palsy. Am Orthopt J. 2005;5:122–127.
43. Yanovitch T, Wallace DK, Freedman SF, et al. The accuracy of photo
screening at detecting treatable ocular conditions in children with Down
syndrome. J AAPOS. 2010;14:472–477.

Dovepress
PubMed Central and CAS, and is the official journal of The Society of
Clinical Ophthalmology (SCO). The manuscript management system
is completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/clinical-ophthalmology-journal

1864

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Clinical Ophthalmology 2012:6

