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Introduction
Down syndrome, or trisomy 21, is one of the most 
prevalent genetic diseases in the world, with a 
reported incidence of approximately 1 in 700 live 
births.1–6 Physicians are generally most familiar 
with the facial appearance and intellectual disabil-
ity associated with Down syndrome. However, 
Down syndrome has also been associated with 
numerous ophthalmologic manifestations,7–12 
including patterns of strabismus,13,14 amblyo-
pia,15,16 nystagmus,17,18 nasolacrimal duct obstruc-
tion (NLDO),19,20 keratoconus,21,22 eyelid 
abnormalities,8,23,24 cataract,25,26 optic nerve 
abnormalities,27 glaucoma,28–30 and retinal abnor-
malities.7,31 Whenever appropriate, epidemiology, 
presentation, mechanisms, and management of 
these manifestations will be discussed. It is valua-
ble for both primary-care physicians and ophthal-
mologists to be well-acquainted with them.

Strabismus
Strabismus in Down syndrome patients may man-
ifest as esotropia, exotropia, or hypertropia.32

Estimates for the prevalence of strabismus in the 
general population range from 2% to 5% across 

numerous ethnicities and countries.33–36 
Comparatively, Ljubic et  al.13 reported strabis-
mus in 45 of 170 (26.5%) Eastern European chil-
dren with Down syndrome. In a Korean pediatric 
population, Han et  al.37 found that 18 of 41 
(43.9%) patients with Down syndrome had stra-
bismus. With respect to the type of strabismus, 
Han et al.37 reported that 10 of 18 (55.6%) had 
esotropia and 8 of 18 (44.4%) had intermittent 
exotropia. Ljubic et  al.13 reported that 32 of 45 
(71.1%) Eastern European children had esotro-
pia and 9 (20.0%) had exotropia. In their study, 
10 patients had associated nystagmus, nine of 
whom had esotropia and one of whom had exo-
tropia.13 The type of nystagmus was not specified 
for patients with strabismus in either study. The 
results of Ljubic et al. and Han et al. suggest that 
exotropia may be more common in Asian chil-
dren with Down syndrome, but several large 
studies have demonstrated that people of Asian 
descent have a higher prevalence of exotropia 
compared to people of African, Hispanic, or 
European descent even in the general popula-
tion.13,38 The mechanism for this difference 
between ethnicities is unknown. Scelfo and 
Ledoux performed a 12-year retrospective review 
on Down syndrome patients who underwent 
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surgery for esotropia and found that of 74 patients 
identified, 30 (40.5%) demonstrated A-pattern 
esotropia, 5 (5.4%) demonstrated V-pattern eso-
tropia, and 24 (32.4%) demonstrated no pat-
tern.39 Non-accommodative esotropia in a patient 
with Down syndrome is demonstrated in Figure 1.

A study of 60 children with Down syndrome con-
ducted by Haugen and Hovding elaborated on 
esotropia in Down syndrome patients. The group 
found that only 2 of the 60 patients (3.3%) had 
strabismus in infancy and the mean age of detec-
tion was 4.5 ± 3 years in the 25 of 60 (41.7%) 
patients who were found to have strabismus (21 
had esotropia, 2 had exodeviation, and 2 had 
superior oblique palsy). The authors also reported 
that when esotropia is present in patients with 
Down syndrome, the affected side is not fixed (i.e. 
alternating, 70%) more often than it is fixed (uni-
lateral, 30%). In addition, they demonstrated a 
relationship between strabismus and hyperopia. 
In the study, 46% of Down syndrome patients 
with strabismus were hyperopic compared to 13% 
of children without strabismus.40 Among the 15 
children with esotropia and hyperopia, the mean 
spherical equivalent was +4.3 D. However, mech-
anistically, the authors posited that despite this 
higher rate of hyperopia, hypoaccommodation in 
Down syndrome may play a role in the develop-
ment of strabismus due to the fact that accommo-
dation weakness was found in 55% of children 
and was significantly less frequent (22%) in chil-
dren with stable, low-grade hypermetropia.

Haugen et  al.41 also demonstrated that children 
with Down syndrome failed to show a reduction 
in refractive error over time to the extent that this 
occurs in the normal population. Among their 54 
patients, over the course of 2 years or more of 
cycloplegic data, 18 patients demonstrated sus-
tained emmetropia or low-grade hyperopia (+2.0 
D or less), 5 had decreasing hyperopia (by +1.50 

D or greater), 16 had sustained significant hyper-
opia (+2.25 D or greater), and 11 had increasing 
hyperopia (+1.50 D or more). They also found 
that the frequency of clinically significant astig-
matism (+1.0 D or greater) at baseline was 53%, 
comparable to other studies of healthy infants.41–44 
However, at the final follow-up, the frequency 
was 57%, demonstrating an absence of a normal 
decrease in astigmatism during the second year of 
life.41–44 These findings suggest that emmetropi-
zation is possibly less likely in children with Down 
syndrome.

A multicenter study conducted in the Netherlands 
examined the use of bifocals on the angle of devi-
ation, binocular vision, stereoacuity, refractive 
errors, and accommodation in 119 Down syn-
drome children. They found no change in refrac-
tive or accommodative errors in either group 
(bifocals versus unifocal glasses) but did find that 
the manifest angle of strabismus was reduced sig-
nificantly in the bifocal group within the first 6 
weeks and was sustained at a 1-year follow-up.45 
However, the authors commented that the lack of 
study participants with large esotropias or exotro-
pias – defined as greater than 40 prism diopters 
(PDs) – prevents the generalizability of these 
findings to patients with these findings.

With regard to surgical outcomes, Yahalom 
et al.46 reported on 15 children with Down syn-
drome who underwent strabismus surgery for 
esotropia and found that surgical success was 
achieved in 12 of 14 children (85.7%). Elsewhere, 
Motley et  al. compared surgical success for 16 
children with Down syndrome versus 16 matched 
controls. The mean pre-operative esotropia meas-
ured 28.4 PDs in the Down syndrome group and 
27.9 PD in the control group. There was no sig-
nificant difference in surgical dosage in the two 
groups (4.4 in the Down syndrome group and 4.5 
in the control group), and there was no statisti-
cally significant difference between the two 
groups in post-operative mean angles of esotropia 
at both 4 and 24 months. These data suggest that 
there is no significant difference in surgical out-
comes between Down syndrome patients and the 
general population for strabismus surgery.

Pseudostrabismus, when the eyes are properly 
aligned but do not appear to be, is most often due 
to morphological features of a person’s face. 
While pseudostrabismus is not well studied in the 
literature specifically within the context of Down 

Figure 1. Clinical photograph of non-accommodative esotropia in a patient 
with Down syndrome.
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syndrome, patients with Down syndrome are 
known to have epicanthal folds.47,48 These epi-
canthal folds frequently result in pseudostrabis-
mus in the absence of true strabismus.

Amblyopia
Refractive error and amblyopia have been 
reported as more common in children and adults 
with Down syndrome when compared to the gen-
eral population.49 Ugurlu and Altinkurt50 com-
pared the prevalence of amblyopia in 44 children 
with Down syndrome and found a rate of 36.4%. 
Comparatively, Da Cunha et al.8 reported a prev-
alence of amblyopia of 26% in their cohort of 152 
children with Down syndrome. Although the 
types of amblyopia in children with Down syn-
drome have not been well studied, Tsiaras et al.16 
previously reviewed types of amblyopia in 68 
patients with Down syndrome, 15 (22.1%) of 
whom had amblyopia. Of the 15 patients, 8 
(53.3%) had strabismic, 5 (33.3%) had refrac-
tive, and 2 displayed mixed strabismic and refrac-
tive amblyopia. Given this, Down syndrome 
patients should be monitored for the develop-
ment and progression of amblyopia with regular 
eye examinations. The early correction of refrac-
tive error should facilitate educational develop-
ment in these children.

Nystagmus
Nystagmus has been reported in up to 30% of 
patients with Down syndrome.51,52 To study the 
relationship between visual acuity and fixation 
instability in children with both Down syndrome 
and nystagmus, Felius et al.53 studied 16 children 
with Down syndrome and nystagmus compared 
to age-matched controls without Down syndrome 
and concluded that nystagmus accounts for most 
of the visual acuity deficits in these children. Of 
the 16 Down syndrome patients studied, 14 
(87.5%) had infantile nystagmus syndrome and 2 
(12.5%) had manifest-latent nystagmus. 
Similarly, Postolache27 compared visual acuity in 
15 children with Down syndrome and nystagmus 
to 35 children with Down syndrome without nys-
tagmus and found that the former had worse vis-
ual acuity (mean logMAR = 0.4 right eye (OD), 
0.3 left eye (OS)) compared to the latter (mean 
logMAR = 0.8 OD, 0.6 OS).

Averbuch-Heller et  al.17 previously studied nys-
tagmus in patients with Down syndrome and 
found that all six patients with nystagmus had 

manifest-latent nystagmus, prominent with the 
covering of one eye, and all patients demonstrated 
esodeviations of 10–30 PDs. Ljubic et al. studied 
nystagmus in a group of 170 children with Down 
syndrome and found that nystagmus was observed 
in 18 (10.6%) patients. Of these 18 patients, 10 
(62.5%) had strabismus, 9 of whom (90%) had 
esodeviations, further corroborating the relation-
ship between nystagmus and esodeviations in 
Down syndrome.13 In addition, 16 (88.9%) of 
these patients had manifest nystagmus, 1 mani-
fest-latent (5.6%), and 1 latent (5.6%).

The mechanism underlying the relationship 
between Down syndrome and nystagmus is 
poorly studied, and a definitive mechanism has 
not been elucidated. Weiss et al.54 proposed that 
the cerebellar defect present in patients with 
Down syndrome contributes to an underlying 
functional neurologic deficit in gaze-holding 
instabilities manifesting in nystagmus. Conversely, 
Wong et  al.18 studied 806 patients with Down 
syndrome and identified 138 (17.1%) with nys-
tagmus. Of these 138 cases, 26 (18.8%) under-
went neuroimaging with magnetic resonance 
imaging (MRI), and a progressive neurologic pro-
cess that could explain the presence of nystagmus 
was found in zero patients.18 Although the authors 
found stable cerebellar hypoplasia in 3 of these 26 
(11.5%) cases, they were unable to ascertain 
functional or anatomical deficits corroborating 
the hypothesis proposed by Weiss et al. Another 
proposed mechanism supports a component of 
sensory nystagmus: O’Brien et al.55 studied macu-
lar structural characteristics in children with 
Down syndrome compared to healthy children 
and found that the central macular thicknesses of 
children with Down syndrome were significantly 
greater than in healthy children. Furthermore, 
Mangalesh et  al.56 previously used spectral-
domain optical coherence tomography to show 
that children with Down syndrome have abnor-
mal foveal development and morphology, dem-
onstrating incomplete inner retinal fusion and 
abnormalities in the inner and outer plexiform 
layers. These findings suggest that retinal malde-
velopment may contribute to poorer visual acuity 
and sensory nystagmus in children with Down 
syndrome.10

Accommodation
In general, accommodation is normal in healthy 
children, and surveillance or testing is rarely per-
formed.57 Functionally, accommodation may be 
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tested using dynamic retinoscopic methods in 
order to measure the accuracy and amplitude of 
accommodation.57 Previously, Rouse et al.58 dem-
onstrated that the mean lag of accommodation in 
healthy children is 0.33 ± 0.3 D. Conversely, 
accommodation is diminished in patients with 
Down syndrome. Haugen and Hovding40 demon-
strated that 55% of children with Down syn-
drome had an accommodative lag exceeding 1.00 
D at working distances of 20–30 cm – considered 
abnormal – and a normal working distance for 
children in Rouse et  al.’s58 study was 25 cm. 
Woodhouse et al.57 also demonstrated that chil-
dren with Down syndrome have 80% reduced 
amplitudes of accommodation in comparison to 
healthy children. Cregg et al.59 demonstrated in a 
sample of 69 children with Down syndrome that 
hypoaccommodation exists regardless of the 
refractive error present.

The underlying mechanism for accommodation 
deficits in Down syndrome is likely multifactorial. 
Haugen et al. found that the central lens is thinner 
in patients with Down syndrome (3.27 ± 0.29 
mm) in comparison to healthy controls 
(3.49 ± 0.20 mm) and that lens power is dimin-
ished in patients with Down syndrome 
(17.70 ± 2.36 D) compared to healthy controls 
(19.48 ± 1.24 D).40,60 Elsewhere, Watt et  al.60 
suggested that hypoaccommodation may be 
linked with a predisposition to early presbyopia 
due to structural deficits in the crystalline lens of 
patients with Down syndrome, though this 
hypothesis is not well studied.

There is likely a neurosensory component in the 
etiology of accommodation deficits in Down syn-
drome. In one study, Anderson et al.61 found in a 
sample of 36 patients that subjects with Down 
syndrome had lower maximum accommodative 
responses, higher lag, and greater micro fluctua-
tions in accommodation in comparison to healthy 
controls. Conversely, they also found that peak 
velocities of accommodation did not differ 
between controls and patients with Down syn-
drome. The authors concluded that accommoda-
tion in patients with Down syndrome may be 
primarily due to sensory deficits. Doyle et  al.62 
investigated the relationship between accommo-
dation and convergence in patients with Down 
syndrome. The authors used an objective pho-
torefraction system to study accommodation and 
vergence under binocular conditions while retinal 
disparity and blurred cues were removed. In the 
study, 41 patients with Down syndrome 

demonstrated reduced accommodation and 
divergence responses compared to healthy con-
trols in the setting of the removal of one or both 
cues. Furthermore, the removal of blur was least 
damaging to the accommodation response in 
patients with Down syndrome in comparison to 
the removal of retinal disparity. The authors con-
cluded that retinal disparity is the primary under-
lying factor in poor accommodation and 
inversions in patients with Down syndrome.61

Regarding management, Nandakumar and Leat63 
previously investigated the impact of bifocals on 
the visual function of children with Down syn-
drome. A group of 14 children was followed for 5 
months while they used single vision lenses and 
had reading parameters tested, after which bifo-
cals were prescribed in 12 children based on their 
accommodative response. The near visual acuity 
improvement demonstrated by bifocals was sig-
nificantly greater than the near visual acuity 
improvement demonstrated by single-vision 
lenses. In particular, the study showed that there 
was more accurate focus (indicative of accommo-
dative lag) while using bifocals as well as an 
improvement in temporal recognition of sight 
words and word identification. Comparatively, 
Cregg et al.59 did not find that spectacles to cor-
rect hypermetropia improved the accommodative 
response in children with Down syndrome; how-
ever, bifocals were not discussed in their study.

Nasolacrimal duct obstruction (NLDO)
Nasolacrimal duct obstruction (NLDO) is the 
deficient drainage of the lacrimal system. Although 
there are several types of underlying anatomic eti-
ologies, the most common are a membranous 
obstruction at the valve of Hanser or general steno-
sis of the duct.64,65 NLDO is a common congenital 
finding in children with Down syndrome; Berk 
et  al.66 reported NLDO in 22% of their patients 
with Down syndrome. Coats et al.20 reported on a 
cohort of 38 eyes of 22 children with Down syn-
drome and NLDO; of these eyes, 23 (60.5%) had 
canalicular stenosis, 7 (18.4%) had a tight nasolac-
rimal canal, 7 (18.4%) had an anteriorly displaced 
inferior turbinate, 4 (10.5%) had canalicular atre-
sia, 1 (2.6%) had an accessory punctum, and 1 
(2.6%) had punctal agenesis. Furthermore, Coats 
et al. compared surgical outcomes in these patients 
with 59 eyes of 44 non-Down syndrome patients 
with NLDO and found that complete or partial 
resolution was demonstrated in 34 of 38 (89.5%) 
of Down syndrome eyes, compared to 50 of 59 
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(84.7%) of non-Down syndrome eyes. These data 
suggest that surgical success for NLDO correction 
may be similar in Down syndrome patients com-
pared to non-Down syndrome patients.

Nasolacrimal duct probing involves dilation of 
the lacrimal puncta followed by probing to relieve 
stenosis and obstruction.67,68 Lueder67 described 
a series of 15 children with Down syndrome and 
NLDO who were treated with lacrimal probing. 
In their study, 3 of 8 patients had results rated as 
‘good’, and 5 of 8 had fair or poor results.67 The 
authors concluded that lacrimal probing was not 
an effective method of treatment. Clark also 
described the failure of probing as an intervention 
in NLDO in a patient with Down syndrome, 
attributing it to a tight, anomalous nasolacrimal 
system.69 Balloon catheter dilation (BCD) is an 
intervention for NLDO which involves using a 
balloon catheter to dilate the distal nasolacrimal 
duct.67,70 Lueder67 described a series of seven 
children with Down syndrome treated with BCD 
and found that two had results rated as ‘excel-
lent’, three had results rated as ‘good’, one was 
‘fair’, and one was ‘poor’. Further research with 
larger cohorts is required to establish guidelines 
on interventions for NLDO in Down syndrome.

Keratoconus
Keratoconus is a chronic non-inflammatory 
vision-threatening condition that is characterized 
by corneal thinning and a conical shape.71,72 It 
most often presents with bilateral visual com-
plaints, irregular astigmatism, and ultimately 
decreased visual acuity.71,73 A strong association 
has been reported between keratoconus and 
Down syndrome, with an increased prevalence in 
the adult population.72,74–78 The prevalence of 
keratoconus in Down syndrome was previously 
reported as 54.5 per 100,000 population from 
1986.79 Walsh72 reported seven cases of keratoco-
nus in a cohort of 91 (7.7%) patients with Down 
syndrome, compared to only one case in 378 
(0.3%) patients with other forms of intellectual 
disability. Other estimates for the prevalence of 
keratoconus in Down syndrome have reached as 
high as 71%, though study design varies widely.75 
Nevertheless, various studies have reported kera-
toconus at a prevalence of 6–30 times higher than 
the general population.74,75 The recent reports of 
the association between keratoconus and Down 
syndrome could be attributed to better diagnostic 
tools, more diligent follow-up, and increased 
awareness within the ophthalmology community.

Although the exact pathophysiologic connection 
between Down syndrome and keratoconus is 
unclear, it has been proposed that patients with 
Down syndrome are more likely to cause mechan-
ical ‘wear’ on the cornea due to eye rubbing.74,80,81 
Relatedly, corneal hydrops – a complication of 
keratoconus in which disruptions in Descemet’s 
membrane and the corneal endothelium allows 
aqueous humor to enter the stroma – has been 
reported in a limited number of patients with 
Down syndrome.82,83 However, no population-
based studies have been performed. However, 
Tsaloumas and McDonnell83 have previously rec-
ommended epikeratophakia over penetrating ker-
atoplasty for patients due to the risk of eye rubbing 
and self-traumatization. More generally, any oph-
thalmologic decision-making for patients with 
Down syndrome should take into consideration 
the risk of eye rubbing.

Patients with Down syndrome have previously 
been described as having different morphological 
corneal characteristics compared to healthy indi-
viduals. In particular, these patients have thinner 
and steeper corneas than healthy individuals, which 
likely contributes to the development of keratoco-
nus in this population.71,84,85 Haugen and Hovding40 
previously examined a young adult population of 
patients with Down syndrome and found a reduced 
corneal thickness (0.48 ± 0.04 mm; range 0.40–
0.57) compared to the general population 
(0.55 ± 0.03 mm; range 0.49–0.64). Furthermore, 
they found higher keratometry values, thinner 
lenses, and weaker lens power compared to con-
trols. The results reported by Haugen et al. were 
also corroborated by the findings of Alio et al., who 
examined corneal characteristics in a group of 
patients with a mean age of 14.9 years. In this pop-
ulation, they found that 71.3% of patients showed 
characteristics compatible with keratoconus.85 
Patients with Down syndrome had greater steepest 
keratometry (47.35 D versus 43.70 D in healthy 
controls) and thinner corneas (0.50 mm compared 
to 0.55 mm in healthy controls). Both differences 
were statistically significant. It has been proposed 
that deficiencies in collagen cross-linking (CXL) in 
patients with Down syndrome predispose them to 
corneal dysfunction and keratoconus.75

Management of keratoconus in Down 
syndrome
Management of keratoconus may involve contact 
lenses, CXL, intrastromal corneal ring segments, 
deep anterior lamellar keratoplasty, or penetrating 
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keratoplasty.75 Collagen cross-linking is a proce-
dure in which the cornea is strengthened using 
ultraviolet light and riboflavin, which ultimately 
stiffens the cornea and reduces keratoconus pro-
gression.86,87 Stephenson et  al. previously exam-
ined management strategies for patients with 
Down syndrome and keratoconus. In a group of 
16 patients, they found that 18 of 32 eyes (56.3%) 
had an advanced disease which could not be 
treated, 11 of 32 (34.4%) eyes underwent CXL, 
and 1 of 32 eyes (3.1%) underwent penetrating 
keratoplasty.88

Soeters et al.89 previously studied the efficacy of 
CXL in nine eyes from seven patients with Down 
syndrome and keratoconus. In 7 of 9 (77.8%) 
eyes, CXL was completed successfully, whereas 
in 2 of 9 (22.2%) eyes, the treatment was aborted 
due to insufficient corneal thickness (less than 
400 µm) prior to ultraviolet-A irradiation. No 
adverse events were reported other than one case 
of delayed epithelial healing at 23 days. Hashemi 
et  al.90 compared the efficacy of an accelerated 
CXL protocol (9 mW/cm2 over 10 min) versus a 
standard CXL protocol (3 mW/cm2 over 30 min) 
in a contralateral randomized trial in a group of 
27 patients with bilateral keratoconus. The study 
did not find a statistically significant difference in 
keratometry at a 1-year follow-up between the 
two groups, though at a 2-year follow-up, there 
were superior outcomes in inferior–superior 
asymmetry and vertical coma in the accelerated 
protocol group.  These results suggest the possi-
ble efficacy of an accelerated procedural protocol 
in CXL.90

Frantz et al. previously described a series of five 
patients with Down syndrome who underwent 
penetrating keratoplasty for keratoconus with 
favorable outcomes. The authors mentioned that 
post-operative outcomes may be contingent upon 
the extent to which the patients demonstrate a 
tendency to rub their eyes and the extent to which 
a caretaker can provide post-operative care pre-
venting this.91

Topographical screening tools
New screening techniques and three-dimensional 
methods have been shown to accurately quantify 
and diagnose keratoconus, leading to earlier iden-
tification and treatment.84,92,93 Because there are 
few to no signs or symptoms of early keratoconus, 
enhanced diagnosis is important in the Down 
syndrome population. By utilizing corneal 

topography and detection metric parameters, 
tools such as TMS-4N (Tomey) and Pentacam 
HR (Pentacam HR, Oculus, Wetzlar, Germany) 
tomography have demonstrated potential in diag-
nosing and screening for keratoconus. Pentacam 
HR corneal scans of children with Down syndrome 
are shown in Figure 2. In a study examining 98 
Down syndrome athletes using topographical data 
obtained from TMS-4N, keratoconus was identi-
fied in 39 (39.8%) athletes using a keratoconus 
severity index and in 63 (64.3%) athletes using 
abnormalities in topographical parameters. 
Among patients with a confirmed diagnosis, kera-
toconus was clinically diagnosed by a cornea fel-
lowship-trained ophthalmologist in 30 (30.6%) 
and 38 (38.8%) athletes, respectively.92

In population-based studies using the Zeiss Atlas 
corneal topographer (Carl Zeiss Meditec, Inc, 
Jena, Germany), Marsack et  al. measured two 
detection metrics to detect keratoconus: I-S (infe-
rior–superior dioptric asymmetry) and the 
KISA% index, a multivariable index accounting 
for multiple topographical parameters.93,94 Using 
I-S, diagnostic thresholds for keratoconus were 
met in 20.8% of eyes of subjects with Down syn-
drome and 2.2% of eyes of controls. Using 
KISA%, thresholds were met in 11.8% of eyes of 
subjects with Down syndrome and 0.0% of eyes 
of controls.93 These results underscore the diag-
nostic and screening potential of topographical 
tools.

Elsewhere, Asgari et  al. studied the diagnostic 
efficacy of Pentacam HR in distinguishing 
between keratoconus and keratoconus suspect 
patients. They found that the topographical 
parameters of higher-order aberrations and coma 
were of use in diagnosing keratoconus and that 
minimum corneal thickness and corneal volume 
were of diagnostic use in keratoconus suspects. 
The authors also proposed that topographical 
tools may be of import in developing diagnostic 
criteria for Down syndrome patients.84

Eyelid
Eyelid abnormalities in Down syndrome have 
been reported variably in the literature. Liza-
Sharmini et al.95 reported eyelid abnormalities in 
58 of 60 (96.7%) patients of a European pediatric 
population. Of these, prominent epicanthal folds 
were present in all 58 patients. Additional find-
ings included entropion in 1 (1.7%), epiblepha-
ron in 1 (1.7%), ptosis in 2 (3.3%), chalazion in 2 
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(3.3%), stye in 2 (3.3%), and blepharitis in 6 
(10.0%).

Blepharitis, an inflammation of the eyelid, has 
been reported as low as 10% and as high as 
81.9% in patients with Down syndrome.8,24,95,96 
The increased risk of blepharitis in patients with 
Down syndrome is likely multifactorial. 
Blepharitis has been attributed to the characteris-
tic slanted palpebral fissures in patients with 
Down syndrome, and previous research has 
shown a predisposition to superficial skin infec-
tions in patients with Down syndrome.8,97 Also, 
Catalano and Simon98 proposed that the 
increased risk of blepharitis in patients with 
Down syndrome is due to poor underlying 
immune function.

Other prevailing eyelid abnormalities include epi-
blepharon which ranges from 43% to 65% in 
Down syndrome patients.8,24 Ljubic and 
Trajkovski32 found the prevalence of epiblepha-
ron to be 28.4% in a study of Caucasian Down 
Syndrome patients. When examined in Asian 
populations, it ranges from 2% to 54%.99,100 
Additional eyelid anomalies that have been linked 
to Down syndrome less frequently include con-
genital ectropion. Ectropion is a rare eyelid con-
dition that may threaten vision due to poor lid 
closure and usually require surgical interven-
tion.23,101 Although the specific mechanism 
underlying the development of upper eyelid 
ectropion in Down syndrome is unclear, previous 
work has suggested that it may be attributed to 
one of several mechanisms, including hypotonia 

Figure 2. Example images from our patients. (a) An 11-year-old girl interpreted as abnormal cornea but not 
as keratoconus suspect because of thin and steep cornea but no evidence of ectasia. (b) A 13-year-old girl 
interpreted as keratoconus suspect because of inferior steepening and overall steep Ks. (c) A 20-year-old man 
interpreted as keratoconus because of severe steepening of the cornea both anteriorly and posteriorly, with 
corresponding corneal thinning. Reprinted from Imbornoni et al.71 2020 with permission from Elsevier.
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of the orbicularis muscle, shortening of the ante-
rior lamella, or elongation of the posterior lamella 
of the eyelid, and incomplete fusion of the orbital 
septum and the levator aponeurosis.23,100,102 
Epidemiologic data on ectropion are not readily 
available. Entropion is an eyelid condition in 
which the eyelid turns inward. In a study of 
Malaysian children with Down syndrome, the 
prevalence of entropion was found to be 1.7%, 
compared to the reported figure of 18.8% in a 
study of Japanese children.95,101 While trichiasis 
(malposition of the eyelashes) and ptosis (droop-
ing of the eyelids) have been reported in children 
with Down syndrome, epidemiologic data are not 
available.103,104

Iris
Brushfield spots are benign white, gray, or brown 
spots found on the anterior surface of the irides 
(Figure 3). These spots are an accumulation of 
iris stromal tissue and connective tissue hyperpla-
sia and have a prevalence of 13–77% in the Down 
syndrome population.8,105 They are found within 
the general population at different rates across 
ethnic populations.12,106–108 Some evidence sug-
gests that Brushfield spots may be more prevalent 
in patients with blue, green, or light hazel irises.8 
Studies of children of European and South and 
East Asian populations found no evidence of 
Brushfield spots.12,99 The authors did not com-
ment on the reason for this finding, but it may be 
due to a lower prevalence of the aforementioned 
eye colors in the demographics studied. There is 
some evidence that subregion D21S55 of the 
chromosome 21 gene is associated with the devel-
opment of Brushfield spots.109

Cataracts
There has long been an established association 
between cataracts and Down syndrome, with 
prevalence ranging from 5% to 50%.25,110,111 This 
range is due in part to diagnostic criteria and by 
the inclusion of congenital and acquired cata-
racts. Haargaard and Fledelius25 estimated a pop-
ulation-based frequency of 1.4% of early cataract 
in children aged 0–17, while an early optically sig-
nificant cataract frequency does not exceed 1%. 
Puri and Singh111 reported a prevalence of 16.2% 
in patients ages 45 to 64 with Down syndrome 
and 28.6% in patients ages 65 to 75 with no sig-
nificant difference between genders. The 
increased prevalence of cataracts in patients with 
Down syndrome may be the result of increased 

levels of superoxide dismutase, which in turn ele-
vates levels of reactive oxygen species.111 
Therefore, it is speculated that nutritional supple-
mentation of vitamin E and C could potentially 
help reduce the prevalence of cataract in Down 
syndrome.111

Because chromosome 21 includes the amyloid pre-
cursor protein (APP) gene (21q21), which drives 
the cerebral accumulation of amyloid-β peptides 
(Aβ), patients with Down syndrome develop early-
onset alzheimer’s disease.112,113 Moncaster et al.114 
investigated the distinctive early-onset cerulean 
blue cataracts (Figure 4) seen in patients with 
Down syndrome. Using ophthalmological exami-
nations of Down syndrome patients and pheno-
typic, histochemical, and biochemical analyses of 
patients with Down syndrome, Alzheimer’s 

Figure 3. Clinical photograph demonstrating 
Brushfield spots in a patient with Down syndrome.

Figure 4. Clinical photograph of a cerulean cataract 
in a patient with Down syndrome.
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disease, and control subjects, the authors found 
that the genetic etiology of this unique lens pheno-
type in Down syndrome patients was due to the 
aggregation of Aβ.114 This study reaffirmed the 
role of Aβ accumulation as a morphological link 
between Down syndrome and Alzheimer’s 
disease.

Khokhar et al. reported two case reports of male 
children with trisomy 21. The first patient was a 
2-month-old male with a unilateral, partially 
absorbed membranous cataract. The examination 
also revealed dense white anterior capsular plaque 
(ACP). The second patient was a 2-year-old male 
with an intumescent cataract, dense ACP, and a 
fan-shaped cataract.110 While ACP has been found 
in more mature cataracts, the occurrence of ACP 
in pediatric patients may be due to the high prolif-
eration capacity of pediatric lens epithelial cells. 
Fan-shaped cataracts are rare and likely transmit-
ted in an autosomal dominant inheritance fash-
ion.115 However, a gene associated with the 
fan-shaped cataract has a genetic locus on chro-
mosome 21. The authors proposed that the pres-
ence of ACP in Down syndrome suggests 
long-standing proliferation and transdifferentiat-
ing changes in epithelial cells in the lens.110 There 
is thus a possibility that ACP can occur in the 
pediatric population without trauma or ocular 
inflammation.

Other types of cataract are also found in patients 
with Down syndrome. Haargaard et al.25 reported 
on a cohort of 29 children with Down syndrome 
with atraumatic, non-acquired cataracts and 
reported cataract morphologies of nuclear/zonu-
lar, posterior cortical, anterior polar, posterior 
polar, dense, cerulean, and mixed nuclear and 
posterior cortical. They reported an overall early 
cataract rate of 1.4% in children with Down syn-
drome. They did not comment on percentages. 
Of their 29 patients, 27 (93.1%) had bilateral 
cataracts. Given that Rahi and Dezateux116 
reported a bilateral cataract rate of 66% in a 
cohort of 243 children with newly diagnosed con-
genital or infantile cataract, this suggests that the 
rate of bilateral cataracts may be higher in chil-
dren with Down syndrome compared to the gen-
eral pediatric population.

Limited studies have examined cataracts in adults 
with Down syndrome. Although the type of cata-
ract was not discussed, Puri et al.111 examined 68 
adult subjects aged 28–84 and found that 16% 
had cataracts; furthermore, they found that the 

prevalence of cataracts in patients aged 45–64 
was greater than that of the general population 
but was equivalent in patients aged 65–75.

With regard to surgical outcomes, Saifee et al.117 
previously examined a series of 19 eyes which 
underwent cataract surgery in a pediatric Down 
syndrome population and concluded that the rate 
of post-operative complications was comparable 
to that of cataract surgery in the general pediatric 
population. Gardiner et al.118 examined a series of 
471 pediatric eyes undergoing cataract extraction 
and found that 33 (7.0%) were from patients with 
Down syndrome; of these, 5 (15.2%) developed 
aphakic glaucoma, 10 (30.0%) developed poste-
rior capsular opacification (PCO), 2 (6.0%) 
developed retinal detachments (RDs), and 1 
(3.0%) resulted in an enucleation. The authors 
concluded that these rates were comparable to 
the general population, except for the increased 
risk of RD, which they attributed partially to the 
prolonged period of follow-up in their study. 
With respect to lenses, Gardiner et al.118 reported 
that, of their 17 pseudophakic eyes, eight eyes 
had one-piece heparin-coated polymethyl meth-
acrylate (PMMA) lenses and nine had foldable 
acrylic implants. They did not comment on out-
come comparisons.

In a much larger study of 1043 eyes of 656 chil-
dren undergoing surgery for pediatric cataract, 
Haargaard et al.119 found that the 20-year risk of 
RD was 3% in healthy children, whereas it was 
23% in children with mental retardation includ-
ing Down syndrome, though the study did not 
report on numbers specific to Down syndrome.

Cataract extraction in 33 eyes of 20 adults with 
Down syndrome was also studied by Li et  al. 
Cataract surgery was associated with improved 
visual outcomes: The mean best-corrected visual 
acuity improved from logMAR 1.36 ± 0.77 pre-
operatively to 0.84 ± 0.55 post-operatively, a sta-
tistically significant increase. The most common 
post-operative complication was PCO (8 eyes, 
24.2%).26 None of the aforementioned studies of 
cataract extraction in patients with Down syn-
drome specifically reported on post-operative 
inflammation. Cataract extraction with or with-
out intraocular lens (IOL) implantation in pediat-
ric patients with Down syndrome may be safe, 
effective, and without a higher rate of surgical 
complications than cataract surgery in the general 
pediatric population, though further longitudinal 
studies are required.
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Down syndrome and the optic nerve
Patients with Down syndrome can display abnor-
mal retinal vasculature. Williams et al.120 first dis-
cussed abnormal retinal vasculature in patients 
with Down syndrome in 1973, reporting that 
there is a significantly increased density of retinal 
vessels crossing the margin of the optic nerve 
head. They also reported that the retinal vascula-
ture is associated with a ‘spoke-like’ appearance of 
the retinal vasculature which may be useful in the 
clinical diagnosis of Down syndrome using an 
ophthalmic examination. Sherk and Williams121 
examined ocular fundus photographs of 100 eyes 
of patients with Down syndrome and assess the 
vascularity of the optic nerve head; the authors 
concluded that there are more large vessels cross-
ing the optic disk margin in patients with Down 
syndrome compared to healthy controls. Later, 
Parsa and Almer122 indicated that the abnormal 
optic disk vessels in Down syndrome may be due 
to the presence of an extra copy of the gene encod-
ing endostatin, a potent inhibitor of angiogenesis, 
endothelial cell proliferation, and migration which 
is coded on chromosome 21. Furthermore, they 
emphasized that the retinal vasculature differs 
from healthy retinal vasculature in that the retinal 
vessels branch earlier out of the optic disk leading 
to overcrowding of the papillae.

In one large study, Schneier et  al.123 reviewed 
clinical data for 24 of 793 (3.0%) patients with 
Down syndrome who were found to have clini-
cally determined optic nerve abnormalities. Of 
these, 13 (54.2%) were girls. The most common 
abnormality was optic nerve head elevation (8 of 
24, 33.3%). Four patients had optic nerve head 
drusen identified on B-scan ultrasonography, 6 
(25.0%) had tilted nerves, and 5 (23.8%) had 
hypoplastic disks. They also noted that of these 
patients with optic nerve abnormalities, the mean 
visual acuity at the time of diagnosis was 20/74 in 
the right eye and 20/76 in the left eye.

Postolache27 performed a comprehensive study on 
the anatomic pathology of the optic nerve in 50 
children with Down syndrome. In their study, the 
disk-to-macula (DM) distance to disk diameter 
(DD) ratio (DM/DD) was significantly larger than 
the DM/DD in healthy controls; optic disks were 
more frequently tilted, oval and the cup-to-disk 
ratio was significantly smaller in children with 
Down syndrome as well. Small optic disks in 
patients with Down syndrome are shown in Figure 5. 
Postolache27 also found that scleral crescents, per-
ipapillary atrophy, and pigment abnormalities 

were more prevalent in children with Down syn-
drome compared to healthy controls. Optic nerve 
crescents with associated abnormalities are shown 
in Figure 6. Postolache27 authors also found that 
visual acuity was significantly lower in children 
with Down syndrome compared to controls even 
while controlling for refraction abnormalities and 
the prevalence of strabismus.

The optic disk may be elevated in Down syn-
drome patients. Al-Hemidan et  al.124 previously 
reported on a series of four patients with Down 
syndrome and optic disk elevation without under-
lying intracranial pathology. The presence of 
these raised lesions may raise suspicion for space- 
occupying lesions, necessitating ophthalmologic 
examination and neuroradiologic imaging with 
possible fluorescein angiography.124 Similarly, 
Catalano et al. reported on a series of five children 
who had Down syndrome with optic nerve head 
elevation. Three of these patients underwent 
computed tomography imaging which was unre-
vealing for underlying intracranial pathology.98 
Resolution of the optic disk elevation was demon-
strated in three of five children and two children 
had persistent elevation. None of the five children 
had dilation of the retinal vasculature or loss of 
visual acuity.98 While optic disk drusen have been 
reported in the literature, it is unclear if it is more 
common in Down syndrome patients than in 
healthy individuals.27,50

Ugurlu and Altinkurt50 previously used spectral- 
domain optical coherence tomography to meas-
ure central foveal retinal and peripapillary retinal 
nerve fiber layer (pRNFL) thicknesses in 49 chil-
dren with Down syndrome compared to 44 
healthy children. The average central retinal 
thickness (CRT) was 241.2 ± 25.7 µm in the 
Down syndrome group and 219.4 ± 21.1 µm in 
the control group, a statistically significant differ-
ence. The average pRNFL values were 
123.1 ± 15.4 µm in the Down syndrome group 
and 102.2 ± 8.7 µm in the control group, also a 
statistically significant difference is observed. 
These data suggest that CRT and pRNFL are 
thicker in patients with Down syndrome com-
pared to healthy patients.50

Down syndrome and glaucoma
Overall, the presence of glaucoma in children 
with Down syndrome is rare. Wong and Ho12 
reported only one case in their cohort of 140 
patients, and Roizen et  al.125 reported only one 
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case in their cohort of 77 patients. When com-
pared to age-matched controls, however, preva-
lence may be higher than average. For instance, 
Yokoyama et  al.30 studied a group of 26 adults 
with Down syndrome compared to a group of 
188 controls. The authors found the prevalence 
of glaucoma in the Down syndrome group to be 
11.5%, which was significantly higher than that in 
the control group, which was 1.1%.

In one small series, Traboulsi et  al.29 examined 
five children with Down syndrome and bilateral 
infantile glaucoma. Two patients in the study 

developed cataract and RDs, leading the authors 
to suggest that the coexistence of Down syndrome 
and congenital glaucoma may predispose these 
patients to the RD.

Glaucoma causes irreversible vision loss and is 
linked to increased rates of apoptosis of retinal 
ganglion cells (RGCs).126,127 Although glaucoma 
may be more prevalent in patients with Down 
syndrome, Down syndrome critical region 1 
(DSCR1) located on chromosome 21 has previ-
ously been found to be upregulated during oxida-
tive stress-induced neuronal apoptosis, which 

Figure 5. Small optic disks in Down syndrome. (a) Small optic disk with vascular tortuosity in a child with 
Down syndrome. This image exemplifies the formula used in the estimation of the disk-to-macula (DM) 
distance to disk diameter (DD) ratio (DM/DD): Dfx2 + D1/D1 + D2 (38, 39). Both vertical and horizontal DDs 
were considered, to compensate for oval disks. (b) Small, round optic disk with a double ring sign between the 
black arrows. (c) Hypoplastic disk of a child with Down syndrome. Papillary vascular malformation is evident. 
A large halo of peripapillary atrophy is seen at 360° (white arrows). The gray arrow indicates an area of 
pigmented epithelium hypertrophy at the temporal margin of the disk. (d) Small tilted optic disk in a child with 
Down syndrome and myopia. A scleral crescent is visible at the temporal margin (between the black arrows). 
The disk is oval and bean-shaped in this case, with a hyperpigmented halo. An extensive area of peripapillary 
atrophy, with visible choroidal vessels, is evident (white arrows). Reprinted from Postolache27 2019 with 
permission from Frontiers.
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Figure 6. Optic nerve crescents in children with Down syndrome. (a) Oval and tilted optic disk with a temporal crescent (black 
arrows) in a child with Down syndrome and myopia. (b) Choroidal crescent located temporally (black arrows) in a small, tilted disk 
from a child with Down syndrome and high myopia. (c) Small temporal crescent (black arrows) in a child with Down syndrome and 
hyperopia. (d) Small, tilted disk with vascular tortuosity. A scleral crescent is located below the disk and extends nasally (black 
arrows). (e) Tilted disk with situs inversus of the vessels (striped arrows). A large choroidal crescent is evident below the disk and 
extending into the nasal area (between the black arrows). Peripapillary atrophy is noted at the temporal margin of the disk (white 
arrows). (f) Tilted disk in which the scleral crescent, although wider below the disk, takes an annular form. Situs inversus, in which 
the vessels emerge nasally, is also evident (striped arrows). (g) Choroidal crescent, located below the disk with inferonasal and 
temporal extension (black arrows), in a child with Down syndrome and hyperopia. The disk appears equally tilted in this case. (h) 
Tilted and torted optic disk of a child with Down syndrome with myopic astigmatism. A choroidal crescent is evident below the disk 
(black arrows) along with a large zone of temporal peripapillary atrophy (white arrow). Note the bean-shaped optic disk in this case. 
(i) A smaller choroidal crescent, located below the disk and nasally, in a child with Down syndrome and hyperopia. In the upper and 
central rows, the optic disks have no physiological cupping. Reprinted from Postolache27 2019 with permission from Frontiers.
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may be protective against the development of 
glaucoma.128,127 Studies by Shi et al.127 found that 
DSCR1 has a role in protecting against oxidative 
stress-induced RGC apoptosis in glaucoma. In 
another study, DSCR1 null mutant mice devel-
oped corneal opacities over time and ApoE null 
mutation portended more severe eye pathol-
ogy.126 DSCR1 potentially protects the RGCs 
against oxidative stress and thus may be a theo-
retical future treatment for glaucoma.

Down syndrome and neoplasms
It has previously been speculated that patients 
with Down syndrome may have higher risks of 
certain ocular malignancies due to dosage imbal-
ances on chromosome 21.129,130 In general, solid 
tumors in this population are rare. Patja et al.131 
studied a population of 3851 patients with Down 
syndrome and identified no cases of ocular can-
cers. However, several isolated reports of retino-
blastoma in patients with Down syndrome have 
suggested a predisposition to the condition, 
though no population-based studies have been 
performed.132–135 There are two documented cases 
of rare pigment epithelium neoplasm developing 
on the same tissue of the eye – one bilateral case in 
an 11-year-old and one aggressive unilateral case 
in a 37-year-old patient. Both were found to have 
areas of focal hyperplasia of the retinal pigment 
epithelium, alluding to the possible vulnerability 
of the retinal pigment epithelium to an overgrowth 
in Down syndrome patients. Although the risk of 
neoplasms in children and adults with Down syn-
drome is rare, this highlights the importance of 
yearly ocular follow-ups and maintenance.

Olson et  al.136 previously reported on an unusual 
presentation of acute megakaryoblastic leukemia in a 
child with Down syndrome. A 20-month-old girl 
with Down syndrome presented with gradually pro-
gressive bilateral proptosis as well as exposure kerati-
tis as a complication of leukemic orbital inflammation. 
A bone marrow biopsy and immunophenotyping 
thereafter confirmed a diagnosis of acute megakary-
oblastic leukemia. This report suggests that a pres-
entation of bilateral proptosis may be indicative of 
acute megakaryoblastic leukemia or other neoplastic 
diseases which cause leukemic infiltrates.

Retinal detachment (RD)
Approximately 28% of the Down syndrome pop-
ulation has some type of retinal abnormality.8 
Limited studies on Down syndrome–related RD 

reveal that a portion of these cases is bilateral, 
relating to self-inflicting trauma.31 One study of 
245 patients with Down syndrome found 15 
patients (6.1%) had rhegmatogenous RD; of 
these, a few patients (20% of all patients) had 
bilateral RDs.7 It has been reported that more 
than half of all traumatic RDs were presented late 
due to late development and chronicity.7 Poorer 
outcomes in some patients may be related to late 
detection because of the patient’s developmental 
capacity, learning disabilities, and cooperation 
during the examination, thus exacerbating the 
poor outcomes associated with RD.7

Yonemoto et al.31 previously reported on a case of 
bilateral bullous RD in a 9-year-old girl. The patient 
initially presented with bilateral visual disturbance, 
and examination revealed symmetrical retinal 
breaks and an unusual caterpillar-like retinal degen-
eration on the superotemporal side. The patient had 
no apparent self-injurious behavior. The patient 
underwent pars-plana lensectomy, vitreous shaving, 
pneumatic retinal replacement, endophotocoagula-
tion, encircling by use of a #240 silicon band, and 
silicone oil tamponade. At a 3-year post-operative 
follow-up, the retina was successfully restored in 
both eyes. This limited report presents a unique 
presentation of the identified phenomenon of RD in 
patients with Down syndrome. As mentioned previ-
ously, Haargaard et  al.119 studied RD in a large 
pediatric population and found that the 20-year risk 
was 3% in healthy children, whereas it was 23% in 
children with mental retardation including Down 
syndrome, though the study did not report on num-
bers specific to Down syndrome.

RDs are more chronic, more complex, and more 
difficult to repair surgically in patients with Down 
syndrome than in the general population.137 
AlAhmadi et  al.7 found in their cohort of 15 
patients with RD in Down syndrome that there 
was a greater likelihood of using silicone oil tam-
ponade, which was used in 10 of 18 (55.6%) eyes. 
Silicone oil was found to be advantageous because 
of noncompliance with positioning post-opera-
tively. Post-operative complications included cat-
aract formation in 1 (5.5%) eye, PCO in 1 (5.5%) 
eye, and elevated intraocular pressure in 3 
(16.6%) eyes.7 The authors reported successful 
reattachment in 16 of 18 (88.8%) eyes, compara-
ble to demonstrated success rates of RD repair 
utilizing various surgical techniques between 63% 
and 94% in the general population. Patients with 
Down syndrome should undergo regular ophthal-
mic screenings including a funduscopic exam for 
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early diagnosis and prevention of RD, especially 
given the possibility of silent detachments.7,31,138

Conclusion
This review provides a summary of the numerous 
ophthalmologic manifestations of Down syn-
drome including strabismus, amblyopia, accom-
modation, changes in the optic nerve and disk, 
retinal vasculature, keratoconus, iris, and cataract 
formation. Because these manifestations are 
almost universally threatening to vision, it is vital 
that primary care physicians and ophthalmolo-
gists are aware of these entities and evaluate for 
them in patients with Down syndrome. 
Furthermore, many patients with Down syn-
drome have significant cognitive and intellectual 
disability which may limit their insight and report-
ing of ocular changes and disturbances. Children 
with intellectual disabilities face significant chal-
lenges in learning and social-emotional develop-
ment at baseline; poor vision would only serve to 
further exacerbate these difficulties.

Methods of literature search
We performed a literature search in the electronic 
databases of PubMed CENTRAL, Google 
Scholar, EMBASE the Register of Controlled 
Trials, and Ovid MEDLINE in August 2021 for 
studies describing different ophthalmic manifes-
tations of Down syndrome patients using the fol-
lowing keywords; ‘Down syndrome’ or ‘Trisomy 
21’ plus each of the following keywords: ‘ocular 
manifestations’, ‘ophthalmic manifestations’, 
‘strabismus’, ‘amblyopia’, ‘accommodation’, 
‘nystagmus’, ‘nasolacrimal duct obstruction’, 
‘keratoconus’, ‘optic nerve’, ‘glaucoma’, and ‘ret-
ina’. There was no limitation on language or year 
of publication.
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