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Abstract

Background: Visual impairment has been reported in children with other forms of disabilities. This paper sought to investigate the 
prevalence of refractive error, as well as compare some visual functions among hearing-impaired children and children whose hear-
ing abilities are within the normal range. 
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Method: This comparative study, which involved 251 children, was undertaken in two basic schools in the Ashanti Region of Ghana. 
A simple random sampling technique was used to select the participants. Visual acuity was recorded using LogMAR chart and con-
trast sensitivity was assessed with a standard Pelli-Robson contrast charts. The anterior segment and fundus were examined with an 
ophthalmoscope. Streak retinoscopy was used to determine the refractive status of the participants. Data was entered and analysed 
using Statistical Package for Social Scientists (SPSS) version 23 and the level of significance was set at a p-value of 5%.

Results and Discussion: Data The prevalence of refractive error in the 170 normal children was 8.8% while that of the 81 hearing-
impaired children was 29.6%. In assessing the types of refractive errors within the groups, 50% of the hearing-impaired participants 
with refractive error had myopia (≥ 1.00D). Hyperopia (≥ 1.00D) was detected in 37.5% of the hearing-impaired population with 
refractive error while 12.5% of the same population had astigmatism (≥ ± 1.00 D). In the hearing group, the following refractive er-
rors were detected amongst the sampled population with refractive error: 46.59% had myopia (≥ 1.00D), 20.46% had hyperopia (≥ 
1.00D) and 32.95% had astigmatism (≥ ± 1.00 D). The study showed a weak positive association between visual acuity and the hear-
ing status of participants (r = 0.249, p = 0.01) and an almost zero correlation between the contrast sensitivity and the hearing status 
of the participants (r = -0.01 p = 0.02). 
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Conclusion: Persons with various degrees of hearing impairment, as opposed to persons with normal hearing status, are more likely 
to suffer one visual aberration or the other, which could negatively affective their ability to navigate through their daily activities. 
Hence, refractive errors and other visual dysfunctions among hearing-impaired children should be detected at the earliest and the 
appropriate management given.
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The UN Convention on the Rights of Persons with Disabilities Article 25 reinforces the right of persons with disabilities to attain the 
highest standard of health care, without discrimination [1].

Introduction

The International Classification of Functioning Disability and Health defines disability as an umbrella term for impairments, activity 
limitations and participation restrictions [1]. ICF estimates over a billion people (corresponding to about 15% of the world’s popula-
tion) living with some form of disability. Amongst these, between 110 million and 190 million are 15 years and older having significant 
difficulties in functioning [1]. 

Abbreviations: ICF: International Classification of Functioning; LogMAR: Logarithm of Minimum Angle of Resolution; VA: Visual 
Acuity

Visual impairment is defined as a functional limitation of the visual system that can manifest as reduced visual acuity or contrast 
sensitivity, visual field loss, photophobia, diplopia, visual distortion, visual perceptual difficulties, or any combination of the above. A 
visual impairment can cause disability by significantly interfering with one’s ability to function independently, to perform activities of 
daily living [2,3]. 

In 2006, the World Health Organization reported the global estimate of visual impairment to be approximately 314 million. Out of 
this number, 45 million people were blind. Among aged 5-15 years children, visual impairment due to uncorrected refractive errors ac-
counts for at least 13 million and in working age adults (aged 16-49), it accounts for an estimated 45 million. Major risk factors of visual 
impairment include age and gender. Although the prevalence of blindness among children is about ten times lower than that among 
adults, childhood blindness remains a high priority because of the expected number of years to be lived in blindness [4].

Cumulative incidence of severe visual impairment in the general population is 6 per 10,000 by 16 years of age in over 75% of 
children [5-7]. The higher prevalence of visual problems in children with disabilities is accounted for by the several underlying causes 
of their disability. Visual problems are particularly increased in the following children; preterm children, children with cerebral palsy, 
children with learning disability, children with Down syndrome and children with hearing impairment [8].

Visual impairment in preterm children has been reported in 1%-3% with causes including retinopathy of prematurity [9]. Refrac-
tive errors have also been reported to be four times more common in those born preterm (29.6%) than those born at full term (7.8%) 
[10]. While hyperopia is common in full term children, myopia is more common in preterm children with and without retinopathy of 
prematurity [9].

Children with cerebral palsy have been reported to show a range of neuro-ophthalmological abnormalities including reduced acuity, 
refractive errors, strabismus, oculo-motor abnormalities and field alterations [11]. Previous studies have found that premature birth 
and its sequelae are common precursors to cerebral palsy. The prevalence of severe visual impairment (i.e. visual acuity < 6/60) in chil-
dren with cerebral palsy in Europe is reported to be 11% [12,13].

Salt and Sargent found trisomy 21 to be one of the most common genetic disorders. Children with this disorder are at high risk of 
ocular abnormalities including refractive errors, strabismus, keratoconus, etc. [14,15]. Several studies have reported an increased risk 
of visual impairment in children with learning disability [7,16,17].
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From the concept of sensory substitution, sight is the core sense used to compensate for hearing loss in the hearing-impaired popu-
lation [21]. In addition, there is a strong connection between ocular health and academic performance for all school children, and in 
particular, for hearing-impaired children, good vision becomes a necessity for learning [22].

Refractive Errors and Visual Function in Normal Hearing and Hearing-Impaired Schoolchildren: A Comparative 
Study

Statistical Package for Social Scientist software version 23.0 (SPSS Inc., Chicago, IL, USA) was used to analyse the collected data. 
Descriptive statistics was computed and Pearson’s coefficient of correlation was employed to compare the visual outcomes between 
the two eyes for the two groups. In addition, an independent t-test was used to establish the existence of any significant difference in 
gender and age between the two groups –the normal-hearing group and the hearing-impaired group. The level of significance was set 
at a p-value of 5%. Effects were considered ‘significant’ when p ≤ 0.05.

This study, therefore, sought to determine the prevalence of refractive errors and as well, compare some visual functions between 
two groups of school children: one with normal range hearing and the other with impaired hearing.

Methodology

Study Participants: The subjects recruited for the study were the hearing-impaired students from the Ashanti School for the Deaf in 
Jumasi and normal hearing students from the St. Joseph Anglican School in Ayeduase, both in Ashanti Region of Ghana.

Sampling Size and Sampling Technique: A simple random sampling technique was used to select the participants for the study. With 
the ratio of hearing-impaired students to normal hearing students being 1:2, the STATCAL of Epi Info 7 (Centres for Disease Control and 
Prevention, Atlanta, GA, USA) was used to calculate the minimum sample size for the study.

The minimum sample size required was 71 for the hearing-impaired schoolchildren and 142 for the normal hearing schoolchildren.

Data Collection Procedures: To obtain data for this study, visual examinations were carried out on each participant, following the tak-
ing of basic history. Visual acuity was measured using the illiterate ‘E’ LogMAR chart held at 6m whilst contrast sensitivity was assessed 
using the standard Pelli-Robson contrast sensitivity chart at a distance of 1m. In addition, the anterior segment and fundus were exam-
ined with an ophthalmoscope to rule out abnormalities of the eyelid, conjunctiva, cornea, lens, vitreous and retina. Pupillary reaction 
was assessed with the aid a penlight and refractive status determined via streak retinoscopy.

 Ethical Consideration

Informed consent was sought from the management or administrative heads of the schools involved in the study. The examination 
procedures were explained to the teachers and their assistance was solicited where necessary. The schoolchildren were informed about 
the purpose of the study and those who consented to partaking of the study were recruited. The participants were informed of the con-
fidentiality of all information obtained and were assured that the data obtained would be used solely for academic purposes. The study 
protocol was in conformity with the principles of the declaration of Helsinki [23].

Data Analysis
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In all, a total of 251 participants were sampled for this study. This comprises a normal hearing group made up of 170 children (68% 
of the sampled population) and a hearing-impaired group of 81 children (32% of the sampled population). Out of the normal hearing 
population, 69 were males while 101 were female. The gender distribution of the hearing-impaired group was 51 males to 30 females. 

Participants’ Demographics

Results

Lastly, extant literature had reported higher prevalence of ophthalmologic abnormalities among hearing-impaired population com-
pared with the normal hearing population of the same age. The incidence of ophthalmologic abnormalities ranges from 44%-65% in 
hearing-impaired population [18-20]. 
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The mean ages for the normal-hearing and hearing-impaired groups were 14.99 ± 1.34 years and 17.63 ± 2.13 years respectively; 
which showed that the mean age of the hearing-impaired group was approximately 3 years higher than that of the normal hearing 
group. Information on participants’ demographics is illustrated in Table 1 below.

The test revealed a significant difference in gender (F = 1.267, p < 0.01, CI = 95%), as well as a significant difference in age (F = 
28.95, p = 0.00, CI = 95%) between the two groups.

Hearing Status of participants
Gender of participants

Total (n)
Female (n) Male (n)

Normal Hearing 101 69 170

Hearing-impaired 30 51 81

131 120 251

Table 1: Participants’ Demographics.

Independent t-test

Prevalence of Refractive Errors in the Sampled Population

The prevalence of refractive errors in the normal hearing and hearing-impaired groups was 8.8% and 29.6% respectively. The 
distribution of refractive error type in the normal hearing group was 4.1% myopic, 1.8% hyperopic and 2.9% astigmatic whilst 14.8% 
myopic, 11.1% hyperopic and 3.7% astigmatic impaired-hearing schoolchildren were recorded. The refractive status of the sampled 
population is shown in Table 2 below.

Refractive status of the 
participants

Status of Sampled Participants

Normal hearing group (%) Hearing-impaired group (%)

With refractive error 8.8 29.6

Without refractive error 91.2 70.4

100 100

Table 2: Refractive Status of the Sampled Population.

Types of Refractive Error within the Groups

Having assessed the types of refractive error within the groups, the following results were recorded: Within the normal hearing 
group, 46.59% of the refractive errors recorded were myopia, 20.46% were hyperopia whilst astigmatism formed 32.95% of the refrac-
tive errors. Amongst the hearing-impaired group, half (50%) of all refractive errors were myopia, 37.5% were hyperopia and 12.5% 
were astigmatism.
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Table 3: Types of Refractive Errors in the Sampled Population Visual Acuity of the Sampled Population.

Refractive status of the 
participants

Status of Sampled Participants

Normal hearing group (%) Hearing-impaired group (%)

With refractive error 8.8 29.6
Without refractive error 91.2 70.4

100 100

Levene’s test was performed to compare the right eye VA between the two groups. The test revealed a difference of statistical sig-
nificance (F = 37.167, p = 0.00, CI = 95%).

Pearson’s correlation analysis was also performed to determine an association between VA and status of participants, which 
showed a weak positive association between the two parameters. (r = 0.249, p = 0.01).

Table 4 below details the mean right VA of the two groups.

Table 4: Mean Right Visual Acuity of Participants.

Hearing Status of Participants Mean VA ± SD (Log MAR)

Normal hearing group 0.100 ± 0.131
Hearing-impaired group 0.197 ± 0.247

The mean CS of the normal hearing population was 2.032 ± 0.304 while that of the hearing-impaired population was 1.903 ± 0.412. 
An independent T test was performed to compare contrast sensitivity between the two groups. The test showed no significant differ-
ence between the two groups (F = 36.82, p = 0.1).

Contrast Sensitivity and Hearing Status of Participants

Pearson’s coefficient test was also performed to determine the association between contrast sensitivity and the hearing status of 
participants, which showed approximately no association between the contrast sensitivity and the status of the participants (r = -0.01 
p = 0.02).

Discussion

Age

The mean ages for the normal hearing group and the hearing-impaired group were 14.99 ± 1.34 years and 17.63 ± 2.13 years re-
spectively. This difference in age could be attributed to the fact that most hearing-impaired children in the region tend to start school 
late due to their impairments. Thus, even though the students recruited for this study were of the same educational and class level, 
their ages differs. 

Prevalence of Refractive Errors in the Sampled Population

In this study, the prevalence of refractive error in normal hearing children and hearing-impaired children was 8.8% and 29.6% 
respectively. The prevalence rate in the hearing-impaired children was 11% higher than that recorded in some studies [24,25]. This 
marginal disparity could be ascribed to the differences in sample size, ethnic backgrounds of the study participants as well as the age 
ranges considered for the different studies.
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The study of ophthalmologic abnormalities in children from a Turkish school for the deaf reported a similar prevalence of refrac-
tive errors as recorded in this study [21]. Meanwhile, a study among 70 children with special needs and 175 healthy children in Oman, 
reported refractive error prevalence of 58.5% and 2.9%, respectively [26] that is about twice the prevalence rate among the hearing-
impaired children in this study. The above-mentioned study provides no basis for comparison with the current study, as the study 
encompassed all forms of disabilities and was not restricted to only hearing impairment.

 Amongst normal populations, previous studies reported a cycloplegic hyperopic refraction prevalence of 4% and 12.8% respec-
tively [27,28] while other studies reported a non- cycloplegic hyperopic refraction prevalence of 7.7% [30].

Prevalence of Hyperopia in the Sampled Population

In line with the present study, the prevalence of hyperopia in the normal hearing and the hearing-impaired groups was 1.8% and 
11.1% respectively. It has been reported in literature that, the prevalence of hyperopia varies between hearing-impaired and normal 
populations [27,28].

In addition, further variation is observed when hyperopia is measured with and without cycloplegia between the two groups. 
Within the hearing-impaired populations, a non- cycloplegic hyperopic refraction prevalence of 8% was recorded [29] whilst a cyclo-
pegic hyperopic refraction prevalence of 31.5% was recorded [20].

In the present investigation, no cycloplegia was done, and so the prevalence of hyperopia observed was analogous to two of the 
above-mentioned studies [29,30].

Prevalence of Myopia in the Sampled Population

In this survey, the prevalence of myopia was 14.8% for hearing-impaired group and 4.1% for the normal population. There is a high 
prevalence of myopia in hearing-impaired individuals [19] even when allowing for the increase in myopia with age [31,32].

 Estimates of the prevalence of myopia (> 1.00 D) in hearing-impaired population as reported in extant literature ranged from 6% 
to 20.9% [21,33]. This is consistent with the current study.

Prevalence of Astigmatism in the Sampled Population

The present study revealed an astigmatism prevalence of 3.7% and 2.9% in the hearing-impaired and the normal hearing group 
respectively. Astigmatism of prevalence 7.3%-14% has been reported in previous studies among hearing-impaired children [21,29]. 

In other related studies, astigmatism prevalence (> 1.00D) in seven to fifteen-year old schoolchildren was found to be 1.7% [34]. 
The astigmatism prevalence reported in the above-mentioned studies and that of the present study is a reflection of a variation of this 
type of refractive error among the population. 

Visual Acuity of the Sampled Population

This study investigated the association of hearing impairment with distance vision. The results of the study revealed a lower visual 
acuity measure in the deaf (0.197 ± 0.247) when compared with hearing group (0.0995 ± 0.130). The present study also revealed a 
positive association between visual acuity and the hearing status of participants. 

In contrast, no association between visual acuity and varying grades of hearing impairment was observed in other studies, adding 
that the risk of low vision among children with profound hearing loss was similar to those with severe hearing loss [35].
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Conclusion

Acknowledgement

The dissonance in results between the foregoing study and the present study could be attributed to the difference in methodology, 
as the study in question did not compare VA in hearing-impaired and normal-hearing participants, but rather to the severity of hearing 
impairment. 

For this research, difference in ages between the two groups could have played a role with respect to the positive association found 
between visual acuity and the hearing status of participants, as hearing and vision are reported to be affected differently in early ages 
depending on the type and degree of visual function and hearing impairment [36]. 

A close-to-zero association between the contrast sensitivity and the hearing status of the participants was observed in this study. 
Contrast sensitivity was not associated with the severity of hearing loss in a study conducted in Oman [35]. Again, when contrast sen-
sitivity was measured in hearing-impaired and hearing subjects via moving stimuli over a range of speeds, no absolute difference in 
performance across subject groups was noted [37].

The current study showed that the prevalence of refractive errors was higher in the hearing-impaired group than the normal hear-
ing group. The study further revealed lower visual acuity measurements in the hearing-impaired group relative to the normal popu-
lation. A positive association between hearing and visual acuity was also reported in this study. However, contrast sensitivity values 
did not differ markedly between the two groups and there was no association between contrast sensitivity and the hearing status of 
participants as observed in this study. Persons with various degrees of hearing impairment, as opposed to persons with normal hear-
ing status, are more likely to suffer one visual aberration or the other, which could negatively affective their ability to navigate through 
their daily activities. Hence, refractive errors and other visual dysfunctions among hearing-impaired children should be detected at the 
earliest and the appropriate management given.

The authors would like to express their gratitude to the management and schoolchildren of the Ashanti School for the Deaf and the 
St. Joseph Anglican School for their overwhelming support and cooperation in making this study a success.

Contrast Sensitivity of the Sampled Population
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