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Abstract
Objectives: To determine the prevalence of refractive errors and visual impairment in Down syndrome (DS) patients compared to
normal controls.
Materials and Methods: Cycloplegic refraction was tested in 213 DS patients and 184 normal age- and gender-matched controls
using autorefraction followed by retinoscopy. Data from the worse eye of each case were used in the analyses.
Results: In the DS and control groups, respectively, mean age was 17.2±4.8 and 17.2±4.4 years (p=0.993) and 53.0% and 49.5% were
male (p=0.473). In the DS and control groups, respectively, mean spherical equivalent (SE) was -5.13±4.47 and -4.15±3.04 diopters (D)
in myopics (p=0.050) and 2.47±1.64 and 2.36±2.04 D in hyperopics (p=0.482), mean cylinder error was -2.17±1.39 and -2.05±1.57
D (p=0.451), mean J0 was -0.03±0.89 and 0.12±0.76 D (p=0.086), and mean J45 was 0.11±1.02 and -0.13±1.03 D (p=0.024). The
prevalence of oblique astigmatism was higher in the DS group (20.4% vs. 6.1%) while against-the-rule astigmatism was more prevalent
in the control group (84.0% vs. 71.6%) (p<0.001). The prevalence of anisometropia was not significantly different between the groups
(19.4% vs. 13.8%). Visual impairment was detected in 11.7% of the DS and 0.5% of the control group (p<0.001). The prevalence of
amblyopia was 36.3% and 3.8% in the DS and control groups, respectively (p<0.001). Based on the multiple model, only absolute SE
inversely correlated with age and differed between males and females (all p<0.05).
Conclusion: In DS patients, the prevalence rates of refractive errors, amblyopia, and visual impairment are higher than those in non-DS
individuals, and emmetropization appears to be either defective or slow. Cylinder error is stable in this age range, but the rotation of
astigmatism axis is different from normal samples.
Keywords: Refractive errors, visual impairment, amblyopia, emmetropization, Down syndrome, comparative study

Introduction
Refractive errors are one of the main items and the fifth
priority of the 2020 Vision: Right to Sight Initiative.1 In 2012,
a systematic review of surveys in 39 countries showed that
uncorrected refractive errors were the leading cause of visual
impairment (43%).2 A systematic review in 2018 reported the
pooled prevalence of myopia, hyperopia, and astigmatism in

children worldwide to be 11.7%, 4.6%, and 14.9% respectively,
which are considerably high prevalence rates.3 Studies have shown
a significant correlation between refractive errors, socioeconomic
status, and lifestyle.4 In patients with Down syndrome (DS),
quality of life is reduced due to medical conditions,5 and declines
further as they age.6 Therefore, the identification and correction
of refractive errors in this population deserves even higher
priority than in normal populations.
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To date, several studies have been done on the prevalence
and degree of refractive errors in patients with DS.7,8,9,10,11 These
studies were mostly carried out in age groups 10 years of age and
younger, and one study reported non-cycloplegic refraction in a
group with a mean age of 15 years (range, 4 to 60 years).8,9,10,11
The goal of this study was to determine the prevalence and
distribution of refractive errors, type of astigmatism, visual
impairment, and amblyopia in order to provide a comprehensive
report on the refractive status in this particular population.
We used cyclopentolate, as evidence showed that it is the gold
standard for epidemiological studies of refraction and increases
the reliability of findings.12 The distribution of refraction in DS
patients was compared to a group of age- and gender-matched
normal controls.

Materials and Methods
Study Subjects
The sampling details have been described elsewhere.13 This
report is part of a larger comparative study in which 10- to
30-year-old DS patients recruited from the nation’s special
needs schools, the DS Society, and relevant non-governmental
organizations were consecutively screened for eligibility and
enrolled in the study (Table 1). Inclusion criteria were a diagnosis
of DS and minimum age of 10 years. Exclusion criteria were
any concomitant mental illnesses such as autism or Klinefelter
syndrome. Of the 250 respondents, 16 were not eligible due
to mental disabilities, Klinefelter syndrome, or autism. The
remaining 234 underwent clinical and paraclinical examinations
at Noor Eye Hospital. For a comparison group, 200 non-DS
participants were consecutively selected from candidates for
refractive surgery presenting for their first work-up session (87
cases) and individuals presenting for a vision check-up (113
cases) in Noor Eye Hospital. This group had no personal or
family history of DS or other intellectual disabilities.
Ethical Consideration
Prior to enrollment, the goals and methods of the study were
explained and written consent was obtained. For all cases in the
DS group and those under 18 years of age in the control group,
informed consent was obtained from their parents/guardians, and
participants were asked for verbal assent before any procedure.
This project was approved by the Ethics Committee of Tehran
University of Medical Sciences (ID: 1397-091) and adhered to
the Declaration of Helsinki at all stages.

Examinations
Visual acuity was evaluated with Snellen chart (SC-2000;
Nidek Co., Tokyo, Japan) without correction (uncorrected
distance visual acuity; UDVA) and with correction (corrected
distance visual acuity [CDVA]). Manifest refraction was
first evaluated using autorefraction (ARK-510A, NIDEK,
Gamagory, Japan), followed by retinoscopy (ParaStop HEINE
BETA 200; HEINE Optotechnik, Herrsching, Germany).
Cycloplegic refraction was done in participants who, as
determined by the physician, had no contraindication for
cycloplegia and whose parents consented to the procedure. This
was done 20 minutes after instilling 2 drops of cyclopentolate
10 mg/ml eye drops (Novartis, Barcelona, Spain) 10 minutes
apart.
Definitions
Spherical equivalent (SE) was calculated as the spherical
error plus half of the cylinder error. Myopia and hyperopia were
defined as an SE ≤-0.5 diopter (D) and ≥0.5 D in the worse
eye, respectively, and the prevalence of these conditions was
determined. Myopia was categorized into 4 groups: mild (-0.51
to -3.0 D), moderate (-3.01 to -6.0 D), high (-6.01 to -9.0 D),
and extreme (<-9.0 D), and hyperopia was categorized into 3
groups: mild (0.51 to 2.0 D), moderate (2.01 to 4.0 D), and
high (>4.0 D). The worse eye was the one with higher absolute
SE value, and if refractive error data were available for only one
eye, it was considered the worse eye.
The definition and prevalence of astigmatism was based
on a cylinder error <-0.5 D in the worse eye (higher absolute
astigmatism). Astigmatism types were with-the-rule (WTR,
steep axis 90°±30°), against-the-rule (ATR, steep axis
180°±30°), and oblique (other axes). If cylinder error data were
available for only one eye, it was considered the worse eye. Pure
astigmatism was defined as a spherical error of -0.5 to 0.5 D and
a cylinder error higher than 0.5 D.
Thibos astigmatism vector analysis14 was used to decompose
cylinder error to J0 and J45. As such, J0 = -C/2cos2ɑ and J45
= -C/2sin2α, where C is the cylinder value and α is the cylinder
axis. A positive value for J0 indicates WTR astigmatism
and a negative value indicates ATR. J45 represents oblique
astigmatism at 45° and 135°, and a positive value indicates +
cylinder axis >90°.
Anisometropia was reported in terms of an interocular SE
difference more than 1.0 D and visual impairment was based on
a CDVA <20/60 in the worse eye. Amblyopia was defined as 2

Table 1. Summary of sources from which Down syndrome patients were recruited
Source

Geographic distribution

Number of cases enrolled in
this study

Number of 10-30 Down
cases covered

Special needs schools

All provinces throughout the nation

146 from 12 provinces

1650

Down Syndrome Society

Tehran province

36

640

National Angels Foundation - Wall 47

Tehran, Rasht, Zanjan, Sanandaj, Semnan,
Kerman, Shiraz, Qom, Qazvin

22

500

Social media (5)

Mostly Tehran province

30

-
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lines or greater interocular difference in CDVA in the absence of
correctable pathology.15
Statistical Analysis
Prevalence was calculated as the ratio of cases with a given
condition in at least one eye to the total number of people who
were examined for the condition. Data of the worse eye were
used in the analysis. Four age groups of 10-15, 16-20, 21-25,
and 26-30 years of age were defined, and prevalence rates were
determined for all age and gender subgroups. Multiple linear
regression was used to examine the correlation of absolute
refractive error with age (continuous variable), gender (female:
0 and male: 1), and group (normal: 0 and DS: 1). In addition,
multinomial regression model (baseline: emmetropia) was used
to test the correlation of the prevalence of refractive errors with
age, gender, and group. The prevalence of anisometropia, visual
impairment, and amblyopia was compared between the two
groups using the chi-square test.

Results
After applying the inclusion criteria for this report (having
cycloplegic refraction results, no ectasia, and no history of corneal
surgery), of the 234 patients with DS and 200 normal controls
enrolled into the study, data from 213 DS cases and 184 controls
were used in the analyses.
In the DS and control groups, respectively, the mean age was
17.2±4.8 and 17.2±4.4 years (p=0.993), and 53.0% and 49.5%
were male (p=0.473). In the DS and control groups, mean
UDVA was 0.36±0.34 and 0.86±0.62 logMAR (p<0.001) and
mean CDVA was 0.20±0.11 and 0.02±0.06 logMAR (p<0.001),
respectively.
Distribution of Refractive Errors
Table 2 summarizes refractive indices in the two studied
groups and in refractive error, age, and gender subgroups.
Based on multiple analysis, absolute SE was significantly
correlated with age (β=0.11, p=0.002), gender (β=0.853,
p=0.007), and group (β=-0.81, p=0.010). Mean cylinder
error, J0, and pure astigmatism were not correlated with these
parameters (all p>0.05). J45 was higher in the DS group
(β=0.24, p=0.022).
Prevalence of Refractive Errors, Visual Impairment, and
Amblyopia
Table 3 presents the prevalence of emmetropia, myopia,
hyperopia, and pure astigmatism in the DS and control groups
and their age and gender subgroups. Figure 1 shows the subtypes
of refractive errors in each group. Anisometropia >1.0 D was
detected in 19.4% of the DS and 13.8% of the control group
(p=0.136). Visual impairment was observed in 11.7% of the
DS and 0.5% of the control group (p<0.001). The prevalence of
amblyopia was 36.3% and 3.8% in the DS and control groups
(p<0.001), respectively.
Based on multinomial analysis, the prevalence of myopia
increased with age (odds ratio [OR]=1.11, p=0.004) and
was higher in the control group (OR=7.95, p<0.001). The

prevalence of hyperopia was age-independent and higher in
the DS group (OR=2.36, p=0.049). The prevalence of pure
astigmatism was age-independent and higher in the DS group
(β=2.83, p<0.001). The prevalence of refractive errors and pure
astigmatism did not correlate with gender.
The prevalence of oblique astigmatism was higher in DS
patients (20.4% vs. 6.1%), while WTR (84.0% vs. 71.6%) and
ATR (9.9% vs. 8.1%) astigmatism was more common in the
control group (p<0.001). The multinomial regression model
showed that the prevalence of WTR astigmatism decreased with
age (OR=0.893, p=0.003) and was not significantly different
between the two groups (p=0.940). Oblique astigmatism was
age-independent and the prevalence was higher in the DS group
(OR=4.24, p=0.003) (Figure 2). The prevalence rates of the
three types of astigmatism orientation were not significantly
different between genders (all p>0.05).
Age and gender were not significantly correlated with
anisometropia (p=0.764 and p=0.136), visual impairment
(p=0.133 and p=0.220), or amblyopia (p=0.482 and p=0.118,
respectively).

Discussion
In this large comparative study, we showed the distribution
and prevalence of myopia, hyperopia, astigmatism, amblyopia,
and visual impairment in a sample of DS patients aged 10-30
years (when the incidence of refractive errors is highest) and
compared the results to a group of age- and gender-matched
controls. The strength of this study was selecting DS patients
from different sources and creating a sample with diverse cases.
Although several studies have been done on refractive errors in
DS patients, they have often been studied in the 10-year-old
age group7,9,10,11 or a broad age range (3 months to 60 years)
without cycloplegia.8 As emmetropization has been suggested
to be incomplete in DS patients even up to 17 years of age16
and the prevalence of myopia tends to increase in non-DS
individuals after the age of 9 years17 and continue up to 30

Figure 1. The subtypes of refractive errors in patients with Down syndrome
patients and normal control group
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Table 2. Distribution of refractive components by age and gender in 10- to 30-year-old Down syndrome patients and normal
control group

Total
Myopia
Refractive
error

Hyperopia
Pure astigmatism
10-15

Age group
(years)

16-20
21-25
26-30
Female

Gender
Male

n

Spherical
equivalent (D)

Sphere (D)

Cylinder (D)

J0 (D)

J45 (D)

Down

213

-0.59±4.38

0.49±4.20

-2.17±1.39

-0.03±0.89

0.11±1.02

Normal

184

-3.42±3.43

-2.37±3.47

-2.05±1.57

0.12±0.76

-0.13±1.03

Down

72

-5.13±4.47

-3.87±4.41

-2.61±1.45

-0.22±1.06

-0.08±1.07

Normal

159

-4.15±3.04

-3.15±3.05

-2.00±1.52

0.12±0.77

-0.14±0.98

Down

97

2.47±1.64

3.43±1.74

-1.96±1.03

-0.02±0.72

0.24±0.89

Normal

12

2.36±2.04

3.44±2.10

-2.15±1.61

0.00±0.87

0.27±1.03

Down

43

-0.02±0.24

-2.13±1.26

-2.18±1.26 D

-0.26±0.85

-0.06±0.88

Normal

15

0.05±0.38

-2.62±1.68

-2.62±1.68 D

0.07±0.89

-0.22±1.30

Down

101

0.03±3.70

1.03±3.60

-2.01±1.15

0.02±0.85

0.13±0.89

Normal

70

-2.57±3.81

-1.30±3.76

-2.43±1.65

0.24±0.87

-0.04±1.17

Down

68

-0.87±4.00

0.28±3.78

-2.30±1.45

0.01±0.96

-0.06±0.96

Normal

75

-4.27±2.90

-3.34±2.95

-1.86±1.46

0.05±0.67

-0.08±0.98

Down

33

-1.61±5.69

-0.52±5.68

-2.17±1.09

-0.29±0.87

0.12±0.87

Normal

35

-3.21±3.55

-2.37±3.60

-1.69±1.55

0.003±0.69

-0.35±0.85

Down

11

-0.76±5.98

0.48±5.15

-2.50±2.61

0.09±0.80

0.64±1.58

Normal

4

-3.84±1.74

-2.94±1.05

-1.81±1.54

0.11±0.69

-0.15±1.07

Down

101

-1.08±5.07

-0.02±4.98

-2.13±1.29

-0.04±0.96

0.21±0.87

Normal

93

-3.86±3.63

-1.79±3.09

-2.26±1.58

0.07±0.81

-0.17±1.10

Down

112

-0.15±3.62

0.95±3.30

-2.20±1.48

-0.02±0.82

0.02±1.13

Normal

91

-2.96±3.17

-2.94±3.73

-1.84±1.54

0.16±0.70

-0.09±0.97

n: Number of individuals, D: Diopters

Table 3. Frequency (%) of refractive components by age and gender in 10- to 30-year-old Down syndrome patients and normal
control group

Total
10-15
16-20
Age group
21-25
26-30
Female
Gender
Male

n

Emmetropia
n, (%)

Myopia
n, (%)

Hyperopia
n, (%)

Pure astigmatism
n, (%)

Down

213

44 (20.7)

72 (33.6)

97 (45.6)

43 (20.3)

Control

184

13 (7.1)

159 (86.3)

12 (6.6)

15 (8.2)

Down

101

23 (22.5)

27 (26.5)

52 (51.0)

23 (22.5)

Control

70

9 (13.2)

52 (76.5)

7 (10.3)

12 (17.1)

Down

68

16 (21.6)

26 (35.2)

32 (43.2)

14 (18.9)

Control

75

3 (4.0)

69 (92.0)

3 (4.0)

2 (2.7)

Down

33

8 (20.5)

17 (43.6)

14 (35.9)

8 (20.5)

Control

35

1 (2.9)

32 (91.4)

2 (5.7)

1 (2.9)

Down

11

1 (5.8)

8 (47.1)

8 (47.1)

2 (11.8)

Control

4

0 (0.0)

4 (100.0)

0 (0.0)

0 (0.0)

Down

101

18 (16.4)

43 (39.1)

49 (44.5)

17 (15.5)

Control

93

8 (8.6)

80 (86.0)

5 (5.4)

6 (6.5)

Down

112

30 (24.6)

35 (28.7)

57 (46.7)

30 (24.6)

Control

91

5 (5.6)

77 (86.5)

7 (7.9)

9 (9.9)

n: Number of individuals; Prevalence of refractive errors and pure astigmatism were statistically different between Down syndrome and control groups (all p<0.001)
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Figure 2. The types of astigmatism in patients with Down syndrome patients and normal control group based on age groups
WTR: With-the-rule astigmatism, ATR: Against-the-rule astigmatism

years of age18, in this study we considered the age range of 10
to 30 years.
Distribution of Refractive Errors
Non-cycloplegic SE values were reported as 1.43±2.86
D in the age group of 15-22 years (mean 17 years) in a study
by Doyle et al.16 and as -1.86±5.28 D in a sample aged 3
months to 60 years (mean 15 years) in a study by Alio et al.8
In our DS group, with a mean age of 17 years, cycloplegic
SE (-0.59±4.38 D) was lower than that in the mentioned
studies. However, the cylinder error in our sample was 0.5 to
1.0 D higher than in these two studies. In other words, the
lower SE in the present study was due to the lower spherical
error. The effect of cyclopentolate on refractive measurements
should be considered, especially in the ≤20 age group. The use
of cyclopentolate in our study can explain the more positive
SE19 than in the study by Alio et al.8 In the study by Doyle
et al.16, SE was positive (hyperopia) in 80% of cases, which
differs considerably from the results of the present study (46%
hyperopia). Given that the difference between cycloplegic and
non-cycloplegic refraction is significant in hyperopics up to
30 years of age12, the difference between the two studies is
expected, albeit ethnicity and age may be influential factors
as well.20
Prevalence of Refractive Errors and Visual Impairment
The prevalence rates of myopia, hyperopia, emmetropia
(defined as SE >-0.5 and <0.5 D), and pure astigmatism
in our DS group were 33.6%, 45.7%, 20.7%, and 20.3%,

respectively. Of the myopic cases, 12.8% were extreme, and
among hyperopic cases, 17.9% were high hyperopic. In some
studies, cycloplegic evaluation of DS patients under 1 year
to 18 years of age9,10,11 showed higher rates of hyperopia (SE
≥0.75 D) than myopia (SE ≤-0.75 D) in these populations
(59.0% vs. 9.0%9, 28.0% vs. 25.0%10, and 36.9% vs.
24.6%11). In a study by Adio and Wajuihian7, myopia (SE
≤-0.5 D) was predominant compared to hyperopia in patients
up to 28 years of age (38.1% vs. 9.5%). Another study in
the 15- to 22-year age range reported a hyperopia prevalence
of 80% in DS patients.16 In the present study (10-30 years),
the prevalence of hyperopia was approximately 46% (i.e., 1.4
times of the rate of myopia), and 17.9% had hyperopia greater
than 4.0 D. Except for the Adio and Wajuihian7 study, other
studies with different age groups have shown hyperopia to
be the most common refractive error in DS individuals. The
difference in the frequency of refractive errors in these studies
is due to differences in sample age, threshold for the definition
of SE, and inducing cycloplegia.
Comparing the prevalence of refractive errors in the DS
group of this study (33.6% for myopia and 45.6% for hyperopia)
with the rates in the age- and gender-matched control group
(86.3% for myopia and 6.6% for hyperopia) suggested that
emmetropization in DS patients is defective or slow. Unlike
normal populations, where the prevalence of hyperopia is higher
in men and the prevalence of myopia is higher in women,21,22
there was no significant inter-gender difference in our DS group
in terms of the prevalence of refractive errors. Similarly, there
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was no inter-gender difference in terms of astigmatism type as
in healthy samples.23 The ratio of oblique/ATR astigmatism in
DS patients in comparison with the control group (2.06 vs. 0.75)
points to a defective emmetropization process in DS patients.
In the current study, the prevalence of visual impairment was
11.7% in DS patients, while other studies reported rates of 46%
(in a 50- to 59-year-old sample) up to 85% (in those ≥60 years
of age), which might indicate a higher prevalence with age.24,25,26
The prevalence of amblyopia in our sample was 36.3%. Others
have reported rates of 8.5% for a sample age between 1 and
31 years and 13% in those between 6 months and 14 years of
age.27,28 Ugurlu ve Altinkurt29 reported a prevalence of 36.4% for
amblyopia in DS patients with a mean age of 13 years in Turkey,
which is very close to our study. These variations are perhaps due
to ethnic differences, sample age, or the prevalence and severity
of refractive errors.

Conclusion
Overall, in our sample of 10- to 30-year-old DS patients, the
prevalence of refractive errors, astigmatism, visual impairment,
and amblyopia was higher than that of their age- and gendermatched controls, and emmetropization appeared to be either
defective or slow. The prevalence of refractive and visual
complications was similar between males and females. Cylinder
error appears to be stable in this age range in DS patients, but
the rotation of its axis was different from the controls. These
findings are useful for refractive errors correction services for
DS patients.
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