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Abstract: Refractive errors are the most prevalent ocular disorders in paediatric ophthalmology having
a higher occurrence in children with disabilities. This paper evaluated the refractive status of the
disabled children and identified the influence of Vitamin D on this status. The study group was
represented by 160 children (80 clinically healthy – group 0, 80 having different physical and/or mental
disabilities – group 1) with ages between 5-16 years old, ophthalmologically examined between January
2019-January 2020. The prevalence of refractive errors was analysed according to the blood level of
Vitamin D; the prevalence of the identified refractive errors was 35% in the group of children with
disabilities (16% myopia, 14% astigmatism, 5% hyperopia) and 36% in the group of clinically healthy
children (16% astigmatism, 10% myopia, 10% hyperopia). In group 1, an acceptable level (20-30
ng/mL) of Vitamin D was found in 61.54% of children with myopia, 25% in those with hyperopia, and
18.18% in those with astigmatism, the rest showing insufficiency of Vitamin D. Both children with
disabilities/clinically healthy shown ocular refractive errors, the difference between the two groups
being statistically insignificant (1%). The presence of Vitamin D in the blood in normal or insufficient
levels suggests a strong correlation of its levels with the appearance of ocular refraction disorders.
Keywords: paediatric patients, disabled children, refractive errors, Vitamin D level

1. Introduction
Worldwide, there are approximately 2.2 billion of people with visual disorders or blindness [1].
Approximately 1:3 person is diagnosed with a refractive error [2]. Among children, the most frequent
causes of visual disorders are represented by uncorrected refractive errors, congenital cataract,
retinopathy of prematurity, strabismus, amblyopia. Refractive errors are the most prevalent ocular
disorders in paediatric pathology, having a much higher occurrence in children with disabilities [3,4].
Amblyopia is the bilateral or unilateral loss of sight, without any known cause, having a prevalence of
up to 6.2% [5].
In Romania, the Law of social assistance no. 292/2011 (subsequently modified and completed
through the Government Ordinance no. 31/2015), the Government Emergency Ordinance no. 34/2016,
the Government Emergency Ordinance 82/2016, the Law no. 79/2017, the Law no. 110/2017 and the
Law no. 194/2018 define the status and conditions of persons with disabilities [6,7]. The disability can
be mental, of hearing, visual, physical or associated. From the diseases determining sensory deficiencies
and the children's special needs, the following frequently met pathologies must be mentioned: Down
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syndrome, deafness, autism, attention-deficit/ hyperactivity disorder (ADHD) syndrome, cerebral
paralysis etc. Children diagnosed with Down syndrome present an increased risk to develop or to be
born with ocular pathologies (refractive errors, strabismus, blepharitis, nasolacrimal duct obstruction,
cataract, keratoconus, ocular anomalies of anterior and posterior pole), their incidence being variable, 363 % [8-10]. The disorders of the retina have a prevalence between 1.7-40% [8], the frequency of the
Brushfield spots being 36-81% [8]. Deafness is among the most important health problems that deeply
affects the quality of life, having a prevalence of 1.4% among children with ages between 5 and 14 years
[11]. An association between ocular pathologies and deafness negatively and deeply affects the
communication and cognitive skills and thus in the case of these people, an ophthalmology screening is
of crucial importance [12] in order to maximize their social and cognitive skills. The research carried
out among the population with hearing impairment or deaf-mute has shown the fact that there is a
prevalence of 35-57% of ocular problems [13]. ADHD represents one of the most frequent psychiatric
affections diagnosed in children, having a worldwide prevalence of 5.3% [14], out of which a large
number show refractive or ocular problems [15-17].
Epidemiological studies reveal the fact that there are risk factors, both genetic and environmental,
that favour the appearance of refractive errors, especially myopia [18]. A frequently incriminated genetic
cause is the presence of the gene represented by the receptor for Vitamin D (VDR gene) and the 18
myopia and high myopia loci (based on linkage analysis) [18,19]. Vitamin D gene polymorphism is
associated with small-medium myopia in Caucasians [18]. Active Vitamin D (cholecalciferol) helps in
preventing the skeletal disorders by maintaining a normal level of calcium and phosphorus in the blood
[20], being the most potent human steroid hormone and the only vitamin that is formed with the help of
ultraviolet rays [21, 22].
A recent study reveals the fact that the persons with myopia show a 20% lower level of serum
Vitamin D, compared to the population that do not show refractive errors [23]. The toxic level of Vitamin
D is >100 ng/mL, an optimal serum Vitamin D level is between 30-100 ng/mL (American Society of
Endocrinology, 2011) [23,24], a normal level is considered to be between 20-30 ng/mL, insufficient
level is considered to be between 12-20 ng/mL, and deficiency <12 ng/mL. Corroborated, the
environmental factors (as reading for a long time, avoiding sun exposure) and the low level of Vitamin
D increase the risk of myopia, being able to change the genetic risk. Also, Vitamin D plays an important
role in preventing age-related macular degeneration [25-27] and other degenerative diseases.
This study aims to evaluate the refractive status of the children with disabilities (other than the ocular
ones) and to identify the influence of Vitamin D in the appearance of refractive errors. Thus, attention
must be focused on the existence of refractive errors among the paediatric population with special needs
(and not only), because once discovered and treated, their quality of life can be remarkably improved.

2. Materials and Methods
In this research, it was analysed in cross-section a group of 160 children, examined at Private General
Practice Elisantes Teola SRL, from Marghita, Bihor County, Romania; they were under study for 1 year,
between January 2019 - January 2020. The criteria for children’s selection in the study were as follows:
- Inclusion criteria: children with ages between 5 and 16 years old, at their first ophthalmological
examination; in the case of Group 1 (80 children) – they had to be already diagnosed with at least one
of the following pathologies: Down syndrome, autism, ADHD, deafness; in the case of Group 0 (the
witness group, 80 children) – the children had to be perfectly healthy;
- Exclusion criteria: children wearing glasses (already known with refractive errors).
For all 160 children, blood samples were taken for Vitamin D measurement. The samples were
collected at the laboratory of Dr. Pop Mircea Municipal Hospital, Marghita, Bihor County, Romania, at
09:00 a.m. Each sample consisted in 5 mL venous blood obtained by puncture from the median cubital
vein (antecubital fossa), in a vacutainer without anticoagulant, with / without separating gel. The serum
was separated by centrifugation. The sample volume was at least 1 mL serum. For the quantitative
determination of Vitamin D, the serum level of 25-OH Vitamin D was measured by the immunochemical
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method with electro-chemiluminescent detection (measures total Vitamin D: Vitamin D3, Vitamin D2
and other hydroxylated metabolites of Vitamin D). The design of this study is depicted in Figure 1.

Figure 1.The study design
The biological reference range / UM from the laboratory: deficiency<12ng/mL; insufficient level 1220 ng/mL; acceptable level 20-30 ng/mL; optimal level 30-100 ng/mL; toxic level>100 ng/mL. The
status of Vitamin D in healthy children and adolescents is in line with the recommendations of the 2016,
Global Consensus [28], which are similar to those advocated by the Paediatric Endocrine Society 2011
[24] and are based on serum 25−OH Vitamin D concentrations [29]. Relevant history regarding the type
of disability, birth history, family history and history of consanguinity was recorded.
Ethical clearance was obtained from the SC ELISANTES TEOLA SRL din Marghita,
no. 68/27.12.2018 and the study was conducted in accordance with the World Medical Association Code
of Ethics − 1967, Declaration of Helsinki. The parents were informed regarding the stages of the study
and have signed the participation agreement for each child concerning the dosing of Vitamin D.
For group 1, the children's diagnoses were established based on the specialty examinations and
medical documents of each child, documents that have been provided by the family members (parents).
Emmetropia was defined having a range between -0.25 to +0.25 diopters and a cylinder value no higher
than -0.25 diopters; myopia was defined as a spherical equivalent of less than or equal to -0.5 diopter
(<-0.5D), hyperopia as more than or equal to +0.5 diopter (≥+0.5D) and astigmatism as more than or
equal to ±0.5 diopter (it was included the physiological astigmatism of ±0.5 and ±0.75). All children
from both group 1 and group 0 have participated at the first ophthalmological examination.
The ophthalmological examination was performed in a room with a length of 5 m, in conditions of
total obscurity and the procedure was fully explained to the parents who were present during the entire
examination; also, it consisted of determining the self-refraction of the right and left eye with the help
of the Canon Full Auto Ref-Keratometer RK-F2 (Canon INC Kawasaki, Japan, 2016), testing the visual
acuity at 5 m using the recognition method (using the letter optotype and logMAR type E letters), without
correction of the right eye (after occlusion of the left eye with black opaque occlusion), respectively of
the left eye (after the previous occlusion of the right eye with the help of an opaque occlusion). Both
eyes were instilled with cyclopentolate hydrochloride (SC Rompharm Company SRL, Romania) − one
drop containing 0.3 mg active substance, 3 times at 5 min interval, at the bottom of the inferior
conjunctival sac, after it was confirmed that no children had previously shown a history of seizures. In
order to minimize the systematic absorption of the cyclopentolate, the occlusion of the inferior point of
both eyes was carried out for 10 s; after 30 min of waiting, in order to carry out the complete cycloplegia
from the moment of instillation of the first drop of cyclopentolate, the auto-refraction was measured
again with the same refractometer mentioned above, at both right and left eyes.
The final results of this study are those obtained after cycloplegia. In the situation where it was
necessary, for each case, the optic correction specific to each eye was realized with test lenses and the
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parent was given the optical medical prescription.
The statistical analysis of the data was gathered and carried out using Microsoft Excel 2010 and
Biostat Programme 5.9.8.5. A p<0.05 value was considered the threshold of the statistical significance.

3. Results and discussions
The average age of the children in group 1 is 9.67±3.05 years, and that of the children in group 0 is
8.71±2.53 years, with a statistically significant difference p<0.032. Disabilities of children from study
group 1 are presented in Table 1.
Table 1. The distribution of children from group 1
according to disabilities
Group 1 (n=80)

Disability

No.

%

Autism

13

16

Deafness

5

6

ADHD

2

3

Down syndrome

60

75

In the study group 1, cycloplegia was diagnosed in 80 children (100%), and for the same number of
children in the witness group. 28 (35%) children from group 1 were identified with refractive problems
like: myopia in 13 children (16%), hyperopia in 4 children (5%), and astigmatism in 11 children (14%),
vs. 29 (36%) cases in the witness group, where myopia and hyperopia were equally identified in 8 children
(10%) each and were exceeded by those with astigmatism, 13 children (16%), being necessary glasses
prescription (p=0.89) with non-significant difference between the 2 groups of patients considered in the
study. Table 2 shows that 103 (65.00%) children had not been identified with any refractive error, 52
from group 1 and 51 from group 0, statistically non-significant (p=0.86).
Table 2. Children who underwent cycloplegia, ametropia and amblyopes
Group 1

Group 0

Children’ classification

p-value
No.

%

No.

%

Cycloplegia

80

100

80

100

1

Children with ametropia

28

35.00

29

36.00

0.89

No refractive error RE and/or LE*

52

65.00

51

63.75

0.86

Emmetropia RE and/or LE

45

56.25

47

58.75

0.74

Amblyopia

28

35.00

19

23.75

0.11

Myopia + amblyopia

8

10.00

1

1.25

0.01

Hyperopia + amblyopia

3

3.75

4

5.00

0.70

Astigmatism + amblyopia

10

12.50

10

12.50

1

Amblyopia without refractive error

7

8.75

4

7.50

0.77

Refractive error RE and/or LE without amblyopia

7

8.75

14

17.50

0.10

*RE − right eye; LE − left eye.

The majority of ametropic children in group 1 were myopic, followed by children with astigmatism
and those with hyperopia. Amblyopia was statistically non-significant higher in group 1 (35% children
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vs. 23.75% children in the control group, p=0.11). The prevalence of myopia and amblyopia was found
statistically significant higher in group 1 vs. group 0 (10% vs. 1.25%, p<0.01). Comparing the two groups,
the prevalence of hyperopia and amblyopia was statistically non-significantly lower in group 1 (3.75%
vs. 5.00% in group 0, p=0.70); the prevalence of astigmatism and amblyopia was equal in both groups;
all of these children benefited from optical prescription. The rest of 7 children (8.75%) from group 1 and
4 children (7.50%) from group 0 (p=0.77) were categorized as having amblyopia, they were not identified
with any refractive error and did not benefit of any optical prescription. A percentage of 8.75% children
from group 1 and 17.50% children from group 0 diagnosed with refractive errors did not have amblyopia
(p=0.10). There is also no significant statistical difference (p=0.74) between the two groups, concerning
the number of children identified as emmetropic (56.25% vs. 58.75%).
As Table 3 shows, the percentage of children with myopia is higher in group 1, that of children with
hyperopia is higher in group 0 and the percentage of children diagnosed with astigmatism is
approximately the same in both groups, which emphasizes the need to carry out an ophthalmology
screening among the population with disabilities of any kind.
Table 3. Percentage of children with
refractive errors
Group 1

Group 0

Refractive error

p
%

Myopia

16

10

0.26

Hyperopia

5

10

0.2

Astigmatism

14

16

0.72

Total

35

36

0.89

For all the children, the blood value of Vitamin D was under 30 ng/mL (p<0.01); comparing group 1
and group 0, significant differences of Vitamin D values were obtained between the two groups for the
acceptable, insufficient and deficiency level, p<0.01; there are significant differences regarding the ranges
of Vitamin D values, with the predominance of small values in Group 1 as it is highlighted in Table 4.
The mean value of Vitamin D for all the children taken in the study was 23.06±4.32, with a statistically
significant lower mean value of this vitamin in group 1 (21.52±4.43 in group 1 vs 24.6±3.62. in the control
group; p<0.01). Thus, is explained the acceptable value of Vitamin D having a lower prevalence in
children with disabilities: 48 (60%) in group 1 vs. 72 (90%) in group 0, p<0.01. On the other hand, the
insufficient level of this vitamin was significantly higher in disabled paediatric patients, 31(39%) in group
1 vs. 8 (10%) in group 0, p<0.01. Vitamin D deficiency was found only in one disabled infant. Thus, for
this case, there were no statistically significant differences (p=0.37) (Table 4).
Table 4. Distribution of groups according to the level of dosed Vitamin D
Vitamin D value
(ng/mL)

Mean value

Standard
deviation

60

21.52

4.43

10

90

24.6

3.62

1

24

75

23.06

4.32

0.37

<0.01

<0.01

<12

12-20

20-30

1

39

0

Group 0+Group 1
p-value

Group 1
Group 0

%

<0.01

From the total of 160 children, those with myopia represent 13%; out of these, an insufficient Vitamin
D level (<20 ng/mL) is present in 28.57% vs. 24.26% (p=0.67) of cases without myopia, this data
correlates with the literature findings. A percentage of 71.43 % children with myopia vs 75.54% children
without myopia have a level of Vitamin D >20 ng/mL, considered as being acceptable. Hyperopia
Rev. Chim., 71 (8), 2020, 271-283

275

https://doi.org/10.37358/RC.20.8.8300

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

represents 8% from the total of 160 children from the two groups, from these, 75.00% having an
acceptable value of Vitamin D equal to the prevalence of Vitamin D in children without hyperopia; this
is secondary to the same amount of time exposure in sunlight combined with a more balanced diet. A
percentage of 25.00% children with hyperopia and the same prevalence in children without hyperopia
were identified with a level of Vitamin D <20 ng/mL, considered insufficient, statistically non-significant,
with p=1. The paediatric patients included in this study that have been diagnosed with astigmatism
represent 15% from the total of 160, from which 41.67% vs. 22.06% of those without astigmatism have
a level of Vitamin D <20 ng/mL, (p=0.04), which means they show an insufficient level of Vitamin D,
while 58.33% of children with astigmatism and 77.94% without astigmatism show an acceptable Vitamin
D level between 20 -30 ng/mL( p=0.04) (Figure 2).

Figure 2. The percentage of children with / without refractive errors
with an acceptable / insufficient level of Vitamin D
The distribution in Figure 2 shows that children without any refractive error have a statistically
significant higher prevalence of the acceptable level of Vitamin D than those with refractive errors
(79.61% in children without any refractive error vs. 64.71% in the group of children with refractive errors,
p=0.04); the insufficient level of Vitamin D is statistically significant higher (p=0.04) in children with a
refractive error (35.29%) vs. 20.39% in the group of children without any refractive error.
Figure 3 reveals that children with myopia have a lower prevalence of the acceptable level of Vitamin
D in 61.54% cases in group 1 vs. 87.50% cases in group 0, being statistically insignificant (p=0.21); the
insufficient level of Vitamin D has a higher prevalence in group 1 compared to group 0 (38.46% vs.
12.50%, p=0.21).

Figure 3. Vitamin D related to children with /without refractive
errors according to groups
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These data attest the early results from literature about the fact that myopia is more prevalent in
children with low values of Vitamin D. The group of those with hyperopia and disabilities has shown a
level of Vitamin D between 20-30 ng/mL in 25% of cases vs. 100% of cases in group 0, statistically
significant (p=0.0068); the rest of 75% cases from group 1 had a level <20 ng/mL while no children with
hyperopia was identified in the reference group with this value, being statistically significant (p=0.0068).
From those with astigmatism and disabilities, 18.18% in group 1 have shown a level between 20 -30
ng/mL vs. 92.31% in group 0, p=0.003; the rest of 81.82% from group 1 and 7.69% from group 0 having
Vitamin D deficiency, statistically significant (p=0.003).
The prevalence of insufficient Vitamin D value is statistically higher in the group of children with
disabilities, indicating a possible association between its value and the development of refractive errors
in this group. In the case of children without any refractive error was identified a statistically significant
lower level of Vitamin D between 20-30 ng/mL in children with disabilities (71.15% cases in group 1
compared to 88.24% cases in group 0, p<0.01). The insufficiency of Vitamin D in children without any
refractive error has a statistically significant correlation between groups (28.85% group 1 vs. 11.76%
group 0, p<0.01).
The evaluation of a child with disabilities should always include a close examination of visual acuity,
but also an ophthalmological examination and should be exactly the same as the one of a child without
disabilities, considering also all the adaptations necessary to each disabled child, according and
appropriate to his age and capacity to relate. The results of this study show the importance of
ophthalmology screening among children with special needs, as the detection of refractive errors and
automatically, their subsequent corrections will be extremely important for increasing the quality of life
and preserving the social abilities of these children. Main findings of this research are summarised in
Figure 4.

Figure 4. The main findings of this research
The inferior limit of 5 years old was chosen for the children participating in this study because children
with a smaller age can be easily distracted by the environment. Children with disabilities are vulnerable
and predisposed to social, professional, educational and medical neglect and rely to a great extent on their
visual abilities in order to fulfil their daily tasks [14]. According to the studies presented in the literature
data, they are more predisposed to the occurrence of refractive ocular problems, to a bigger extent than
the clinically healthy children of the same age [30-33].
Our research shows that of 80 children with disabilities, the prevalence of 35% refractive error is
similar to other studies shown in Table 5, indicating that the sequence among groups distributed
worldwide are roughly the same. There were found myopia in 16% of cases, hyperopia in 5% of cases
and astigmatism in 14% of disabled children while McQuaid and Arvidsson identified a prevalence of
myopia in 11% of cases, 15% hyperopia and 12% astigmatism; Chang et al. found out myopia in 54% of
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cases and hyperopia in 3% of cases; Bankes identified 8% myopia, 27% hyperopia and 6% astigmatism
[4,34,35]. The prevalence of myopia identified by other authors was higher in Asia [4]. Also, other studies
conducted on children with disabilities, regarding the prevalence of ocular refraction disorders, are
recorded in the specialized literature, some of them being presented in Table 5 [4, 33-39].
Table 5. The prevalence of refraction errors among children with
disabilities, in different studies
Author(s)

Year Ref.

Country of study

Fletcher and Thompson
McQuaid and Arvidsson
Bankes
Nielsen et al.
Chang et al.
Gogate et al.
Woodhouse et al.
Ezeh et al.
Current study

1961 [33]
1992 [34]
1974 [35]
2005 [36]
2005 [4]
2007 [37]
2010 [38]
2018 [39]
2018/2019

USA
Saudi Arabia
UK
Denmark
Taiwan
India
UK
Nigeria
Romania

Subjects tested
(no.)
102
58
137
923
68
664
173
176
80

Age
(years)
<18
1-11
unknown
4-15
15-23
<16
2-21
5-17
5-16

Refractive errors
%
29
41
53
46.7
57
26.8
46.9
60
35

In this study, children with disabilities have a relatively high prevalence of refractive errors because
they are genetically prone to all sorts of anomalies including the ocular ones, not rarely ametropia being
the most prevalent ocular anomaly [4].
Health prevention programs should focus on children with disabilities because they are considered a
category at high risk for ocular problems and mostly due to the fact that the prevalence of refractive
errors is alike in both groups. This is of great importance, emphasizing the fact that also the disabled
children need regular and thorough ophthalmic examination, and appropriate care of their eyes as much
as they are prone to social distancing [7].
Our results shown that the prevalence of amblyopia among children with disabilities was found in
35% of cases, while none of the above authors of international studies [33-39] revealed any data about
the prevalence of amblyopia or level of Vitamin D in the blood. This rate of 35% of children with
amblyopia is higher than that of 2.8% identified by Mocanu and Horhad [40] in Romania and almost
similar to that of 37.9% found in Australia [5]. In the group of clinically healthy children, 36% were
identified with refractive errors, this rate being smaller than 55% identified in another study conducted
by Hendrickson and Bleything [41]. Uncorrected refractive error in children with ages ranging from 5-15
years old remains the main cause of vision impairment, this problem being often unaddressed in many
countries, as well as in Romania [41]. The prevalence of refractive errors is roughly the same in both
groups of this research due to the increased time spent indoors combined with great amount of time doing
near work, especially using smartphones, combined with the inappropriate diet that makes the insufficient
Vitamin D values to mediate the appearance of ametropia [20,21].
Data from the literature highlight the association between myopia and the level of Vitamin D in the
blood, but also the role of other vitamins (A, B, E, etc.), all of these substances (and many more others)
having a decisive role in the visual acuity [24-26,42-44]. The Vitamin D deficiencies with an
inappropriate diet, the lack of sufficient exposure to the sun, represent the favourable factors for the
appearance of the decreased value of Vitamin D in the blood [45,46].
The mean value of Vitamin D for all the children taken in the study was 23.06±4.32 ng/mL and it is
considered to be an acceptable level. Children can achieve this value because of the faster digitalization
era we are living in, being prone to watch television, using computer, this resulting in the lack of motion
and little exposure to natural light [17]. The reason why children with disabilities have a lower mean
value of Vitamin D is that they have more specially designated indoor activities that prevent sun exposure
and Vitamin D synthesis combined with an inadequate diet that prevents reaching an optimal level of this
vitamin [24,27]. A higher mean value of Vitamin D was identified in the control group because they are
more active, have a higher medium time of exposure to sunlight and a more balanced diet than children
Rev. Chim., 71 (8), 2020, 271-283

278

https://doi.org/10.37358/RC.20.8.8300

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

from the study group [23].
In a study conducted by Willem et al. (2011), 50.2% of children with myopia have shown an
acceptable Vitamin D level in the blood (20-30 ng/mL) [47] vs 71.43% identified in the present study.
There were not identified literature studies to show a direct correlation between the blood level of Vitamin
D and the existence of other refractive errors besides myopia. Another study carried out by Choi et al.
(2014), on a group of 2038 teenagers (between 13-18 years old) has identified the existence of a Vitamin
D level <20 ng/mL, both in the group with myopia, and in that without myopia [47]. In the present study,
there is an acceptable level and deficiency both in children with myopia, and in those without myopia
(those with refractive errors). At the same time, another longitudinal study carried out by Morgan and
Rose (2014) does not sustain the hypothesis according to which “these analyses do not provide support
for the hypothesis that elevation of Vitamin D levels is the mechanism by which spending time outdoors
protects against myopia” [48,49].
An increased prevalence of insufficient level of Vitamin D in children with myopia vs children
without myopia pleads for the fact that a low serum level may increase the risk of myopia [18,19]. The
higher level of acceptable Vitamin D value in non-myopic children from the present study correlates with
a normal ocular refractive status found by Kwon et al. as well as by other researchers [22,50]. Mutti et al.
also identified that children with no refractive error have higher blood values of Vitamin D compared to
myopes [29]. The differences in the Vitamin D serum level is also a suggestive discovery for intrinsic
inequality of Vitamin D metabolism amid children with myopia and those without myopia. Children
without myopia may have a higher freedom in motion compared to myopic ones also due to the fact that
the absence of a refractive error is encouraging in spending more time outdoors. Children with myopia
enrolled in this study have a lower prevalence of an acceptable level of Vitamin D due to their diet
combined with a lower time of sunlight exposure which correlates with the data from literature [45].
The fact that the acceptable and insufficient level of Vitamin D are the same for both groups with
hyperopia in this study implies that they spend the same amount of time playing outside. A higher
insufficient level of Vitamin D in the group of children with refractive errors (35.29% vs. 20.39% in the
group of children with no refractive errors) suggests they have more indoor playing activities and near
work duties. Children with no refractive errors have a higher prevalence of the acceptable level of Vitamin
D compared to children with refractive errors, considering they are more sociable and have more outdoors
activities, being exposed for a longer period to sunlight, combined with a mixed diet [22].
The limits of the present research reside in the fact that it was carried out on a relatively small group
of 160 children (80 with disabilities + 80 healthy). It is not known for how long these children have had
a refractive error. Before this study, they have not undergone an ophthalmology examination.
Furthermore, there are no comparative results obtained from studies realized on children with disabilities
from other geographical areas of Romania; this is why the present results were compared with other
international studies, as well as with two studies carried out in Western part of Romania [40,46], but it is
not recorded whether those children had a disability. Because of the limited age of the children from the
hereby study and the specific location, the results cannot be considered nationally representative.
The fact that 35% from the total of 80 investigated children with disabilities need correction with
glasses and that all of them have an acceptable level or even an insufficient level of Vitamin D,
emphasizes the importance of screening carried out on children in due time, regardless of the fact that
they are healthy or show disabilities, and the fact that the refractive status of children is inadequate.

4. Conclusions
Both the children with disabilities and those clinically healthy show ocular refractive errors and
emmetropia, the difference between the two groups being statistically insignificant. The study pinpoints
that the lower mean value of Vitamin D has a higher prevalence among children with disabilities and that
those without any refractive error have a higher prevalence of the acceptable level of Vitamin D. An
insufficient level of Vitamin D with a higher prevalence in the group of disabled children pleads for a
possible association of the insufficiency with the manifestation of ocular refractive disorders under the
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form of astigmatism, myopia and hyperopia. It is necessary to carry out more elaborated studies
regarding the ocular refractive errors corelated with the level of Vitamin D for the development of
present ophthalmology practice guides, with the maximization of therapeutic results and thus to support
mainly the disabled children.
The findings of the present study are important in promoting health and also for promoting child
screening to detect the development of refractive errors correlated with the Vitamin D values. Also, it is
relevant in promoting ophthalmologic screening among children with disabilities, because they are prone
in approximately equal measure with clinically healthy children to develop refractive disorders.
Funding: This paper benefited from financial support through the project "SmartDoct - High quality
programs for PhD students and postdoctoral researchers of the University of Oradea for increasing the
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co-financed by the European Social Fund through the Human Capital Operational Program 2014-2020.
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