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INTRODUCTION

 Early diagnosis and treatment, through vision 
screening, provide significant clinical benefits.1 
According to the last guideline of the American 
Academy of Pediatrics (AAP), vision assessment is 
recommended in each well-child visit from newborn 
term until the child is three years old.2 Therefore, 
three years old children or older ones have been 
suggested to get a proper vision screening or a 
measurement of visual acuity.1 Moreover, AAP / 
Bright Futures guidelines suggest vision screening 
after school entry at 5, 6, 8, 10, 12, 15, and 18 years.3

 Effectiveness of vision screening practices in 
children has been associated with the ratio of 
detecting the preventable potential vision problems, 
such as amblyopia, leading to younger age related 
visual impairment.4 The critical age limit for getting 
favorable results in the management of amblyopia 
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ABSTRACT
Objective: The present study aimed to assess the prevalence of decreased visual acuity, strabismus, and 
spectacle wear in children aged 5 to 13 years.
Methods: A cross-sectional study was performed in primary education schools. A total of 1938 participants, 
including 940 females (48.5%) and 998 males (51.5%) with a mean age 8.96 ± 2.31 (5-13 years old), were 
screened. The comparisons were performed with gender, age, and age groups. The children attended to 
vision screening were assigned to three age groups as 5-6 years, 7-9 years, and 10-13 years.
Results: The prevalence of the parameters was detected as decreased visual acuity 12.4%, strabismus 
2.2%, and spectacle wear 6.9%. The prevalence of decreased visual acuity was significantly higher in girls 
and in children aged 7-9 years old (p = 0.013, p < 0.001). The prevalence of spectacle wear was significantly 
higher in girls and in children aged 7-9 years old (p = 0.019, p < 0.001). There was a visual acuity decrease 
in 33 of 106 (31.1%) children despite wearing own spectacle. There was no significant difference among 
three age groups for strabismus.
Conclusion: Increased prevalence of decreased visual acuity, as well as the higher frequency of spectacle 
wear in children at ages of 7-9 years old may point out a threshold for visual impairment.
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Is 7-9 years of age a threshold for visual impairment?

such as improved visual acuity has been suggested 
up to 7-9 years of age.5 Despite the routine eye 
screening, it was reported that 1/20 of children may 
be at risk of permanent visual impairment resulting 
from amblyopia or strabismus in the United 
States.6 At the same time, strabismus can give rise 
to complications such as amblyopia, diplopia, and 
psychosocial issues in school-age children.6

 Despite having potential effective results of 
vision screening, the United States Preventive 
Services Task Force has reported the insufficient 
evidence, indicating new researches for vision 
screening application for asymptomatic school 
children and adolescents. Because of the limited 
data related to the investigation of the prevalence 
of children older than five years old with visual 
impairment,7 we aimed to perform vision screening 
program consisting of visual acuity measurement 
and strabismus examination for children above five 
years of age.

METHODS

 This cross-sectional-descriptive study was 
conducted between September and December of 
2013. The population of this study consisted of 7579 
children above five years of age, who were in primary 
education school in the city center of Canakkale, 
Turkey. According to the cluster sampling, the 
city center was divided into the five clusters. One 
primary education school was randomly selected 
from each cluster in the city center of Canakkale. 
Therefore, five schools were selected from five 
clusters. All classes in the mentioned schools, as 
well as all students from these classes were enrolled 
in this study. The sample size was calculated using 
a sampling formula under known conditions 
as a minimum of 366 individuals. The study 
organization was prepared base on 2960 children in 
these five schools. Approximately 65.5% (n=1938) 
of students of five schools were able to participate 
in the present study because of various reasons 
such as absence of the students in the school on the 
date of vision screening program or unwillingness 
of the parents to participate their children in this 
program.
Data analysis and definitions: Data was collected 
using a family information form and a student 
examination form, which were developed by 
the investigators. A preliminary application was 
performed in a sub-sample of similar participants 
and the deficiencies of the screening organization 
that are distance and sitting level to chart/book, 

light sources and intensity, validation of the 
physician’s diagnosis was eliminated.
 Visual acuity was measured in a prepared room 
with adequate light at 6 m distance using a 10-row 
mixed decimal eye chart. For 10-row eye chart, 
the range of scores was 10/10 for the largest row 
to 1/10 for the smallest one. Visual acuity score 
<8/10 (0.1 logMAR) (<6/10 for children under 6 
years of age) or ≥3 lines difference between two 
eyes, because this may be an indicator of amblyopia 
was accepted as decreased visual acuity cut-off for 
referral.8-10 Strabismus was examined using cover/
uncover test and the Hirschberg test.11

 Physician-prescribed spectacle wear was 
questioned by family information form and 
supported by children’s statement. Children with 
spectacle were evaluated with their own spectacles. 
Children who were not keeping own spectacle 
at that moment were evaluated with the specific 
condition noted. 
 All physicians, which are family physician-
physician assistants were trained by a single 
ophthalmologist. Each test was performed by the 
same physician from the beginning to the end of the 
vision screening program under the supervision of 
an ophthalmologist.
Statistical analysis: A commercial software (SPSS, 
ver. 19.0; SPSS, Inc., Chicago, IL) was used in the 
data analysis. Prevalence rates were given as the 
ratio of the number of participants with related 
visual disorder to the total participants calculated. 
The means, standard deviations, and percentages 
were calculated for descriptive purposes. Pearson’s 
chi-square with 95% confidence interval and 
pairwise post hoc analyses was used to assess the 
statistical significance. A p value of less than 0.05 
(two-sided) was accepted as statistically significant.
Ethics statement: This study was certified by the 
University of Canakkale Onsekiz Mart Research 
Ethics Committee and the Provincial Directorate of 
National Education. The study was conducted in 
accordance with the principles of the Declaration 
of Helsinki. Written consent was obtained from the 
parents of all children, after a clarification of the 
nature and possible results of the study prior to the 
examination. 

RESULTS

 A total of 1938 participants, including 940 females 
(48.5%) and 998 males (51.5%) with a mean age 
8.96 ± 2.31 (5-13 years old), were screened. The 
prevalence rates, including newly recognized cases 
are shown by age and gender in Table-I.
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 The prevalence of decreased visual acuity, 
strabismus, and spectacle wear were 12.4% (CI: 10.9 
– 13.9), 2.2% (CI: 1.6 – 2.9), and 6.9% (CI: 5.7 – 8.0), 
respectively. At the same time, 108 (5.6%, CI: 4.6 – 
6.6) children with decreased visual acuity and 25 
(1.3%, CI: 0.8 – 1.7) children with strabismus was 
newly recognized.
 Although no difference among gender was found 
according to strabismus, the prevalence of decreased 
visual acuity and spectacle wear was significantly 
higher in girls compared to boys (Table-II).
 The highest ratio of decreased visual acuity was 
detected in children aged 7, 8, and 9 years old. 
Therefore, the participants were assigned to three 
age groups for comparison as 5-6 (Group 1), 7-9 
(Group 2), and 10-13 years old (Group 3).
Comparisons of prevalence rates according to the 
age groups: The prevalence of decreased visual 
acuity in Group 1, Group 2, and Group 3 was 
found to be 8.4% (n=40), 15.3% (n=135), and 11.4% 
(n=66), respectively (p < 0.001). The post hoc 
analysis revealed that Group 2 had a significantly 
higher prevalence of decreased visual acuity in 
comparison to Group 1 (p < 0.001) and Group 3 (p = 
0.036). However, there was no significant difference 
between Group 1 and Group 3 (p = 0.123). 
 The prevalence of strabismus in Group 1, Group 
2, and Group 3 was calculated as 2.7% (n=13), 2.4% 
(n=21), and 1.6% (n=9), respectively. There was no 
significant difference among groups (p = 0.392).

 The prevalence of spectacle wear was significantly 
higher in Group 2 (n=88, 10.0%, CI: 8.0 – 12.0) than 
Group 1 (n=16, 3.4%, CI: 1.7 – 4.9) and Group 3 
(n=29, 5.0%, CI: 3.2 – 6.8) (p < 0.001).
Decreased visual acuity in children with spectacle: 
Among 133 children declared to wear spectacle, 
of 106 children were evaluated with their own 
spectacles, and of 27 were evaluated without 
spectacle because they have not spectacle along at 
the time of the vision screening. There was a visual 
acuity decrease in 33 of 106 (31.1%) children despite 
wearing own spectacle. Twelve of 27 (44%) children 
who were assessed without spectacle during the 
examination had a decreased visual acuity.

DISCUSSION

 The present study demonstrated the prevalence 
of decreased visual acuity that was detected in 
children with 5-13 years of age to be 12.4%. This data 
of the present study is consistent with the result of 
the similar studies in which decreased visual acuity 
prevalence in the same age range of the children 
was found as 9-25.7%.12-15 Some of the differences 
in prevalence between countries are known to be 
caused by ethnicity.16 In particular, higher rates of 
refractive error in Chinese and Hispanic populations 
have been demonstrated in a study comparing 
six ethnic structure.17 However, apart from these 
reports, very low value of prevalence rate can also 
be found in the literature, such as Unsal et al. have 
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Table-I: Prevalence rates and gender distribution by age and gender, n (%).
   Gender Decreased visual acuity Strabismus Spectacle wear
Age Total   Female Male Prevalence   Newly Prevalence    Newly Prevalence
     recognized  recognized

5 75 (3.9) 39 (52.0) 36 (48.0) 3 (4.0) 1 (1.3) 1  (1.3) 1 (1.3) 2 (1.5)
6 401 (20.7) 202 (50.4) 199 (49.6) 37 (9.2) 23 (5.7) 12  (3.0) 6 (1.5) 14 (10.5)
7 350 (18.1) 163 (46.6) 187 (53.4) 47 (13.4) 24 (6.9) 6  (1.7) 4 (1.1) 23 (17.3)
8 277 (14.3) 132 (47.7) 145 (52.3) 43 (15.5) 14 (5.1) 9  (3.3) 6 (2.2) 29 (21.8)
9 255 (13.2) 143 (56.1) 112 (43.9) 45 (17.6) 9 (3.5) 6  (2.4) 3 (1.2) 36 (27.1)
10 147 (7.6) 62 (42.2) 85 (57.8) 12 (8.2) 5 (3.4) 1  (0.7) 1 (0.7) 7 (5.3)
11 149 (7.7) 70 (47.0) 79 (53.0) 18 (12.1) 11 (7.4) 2  (1.3) 0 (0.0) 7 (5.3)
12 138 (7.1) 70 (50.7) 68 (49.3) 18 (13.0) 10 (7.2) 2  (1.4) 1 (0.7) 8 (6.0)
13 146 (7.5) 59 (40.4) 87 (59.6) 18 (12.3) 11 (7.5) 4  (2.7) 3 (2.1) 7 (5.3)
Total 1938 940 (48.5) 998 (51.5) 241 (12.4) 108 (5.6) 43  (2.2) 25 (1.3) 133 (6.9)

Table-II: Vision disorders and spectacle wear by gender, n (%) [Confidence Interval].
 Female Male p

Decreased visual acuity 135 (14.4) [12.1 – 16.6] 106 (10.6) [8.7 – 12.5] 0.013
Strabismus 20 (2.1) [1.2 – 3.1] 23 (2.3) [1.4 – 3.2] 0.878
Spectacle wear 78 (8.3) [6.5 – 10.0] 55 (5.5) [4.1 – 7.0] 0.019
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notified the prevalence of decreased visual acuity 
in children aged 6-17 years to be 1.7% in Turkey.18 
In their study, different from the present study, 
they had accepted cut-off value of decreased visual 
acuity score for referral in children aged 6-17 years 
as <5/10. But this cut-off value is known to be 
appropriate for the diagnosis of low visual acuity 
in children 48–60 month-old age group.19 Pan et al. 
have revealed the proportionally increase in cut-
off values for decreased visual acuity in children 
aged 30 to 60 months corresponding to 20/63 to 
20/40 Snellen equivalent (3/10 to 5/10), and they 
attributed the determination of the cut-off value for 
decreased visual acuity according to age-groups 
to cooperation level, improvement of cognitive 
abilities, or to maturation of visual function itself.9 
On the basis of this suggestion, while evaluating the 
low visual acuity in childhood, it would be better 
if cut-off value of decreased visual acuity was 
adjusted with taking age groups into consideration. 
Therefore, in the present study, a cut-off value of 
5/10 for 5-aged children was used, that is different 
from the older children whose cut-off value was 
established as 8/10.
 Visual acuity in children aged 5-13 was 
investigated in accordance with the age rather 
than age groups in related studies.13,20 In two of 
these studies, it was shown that the prevalence 
of myopia, which is closely associated with low 
visual acuity, was demonstrated to increase 
proportionally with age. In a previous study 
conducted by Zhao et al., initiation of myopic 
refractive error has been suggested to occur in 
children aged 8 years old.20 Moreover, Chung et al. 
reported the rate of referred myopic children aged 
9-10 years old as 42%.13 Similar with these studies, 
in the present study, the prevalence of decreased 
visual acuity was detected at the highest rate in 
children aged 7, 8, and 9 years old which were 
accepted as limit ages for treatment of amblyopia. 
So that, determining the children with refractive 
error in ages between 7-9 years old appears to be 
beneficial for preventing amblyopia.
 The current study also revealed a higher rate of 
spectacle wear in Group 2 (7-9 years old) when 
compared with Group 1 (5-6 years old) and Group 
3 (10-13 years old). To the best of our knowledge, 
there are no studies evaluating the ratio of spectacle 
wear in children according to age groups, thus this 
study could be one of the first in this context. The 
studies investigating the rate of spectacle wear in 
children are limited in the literature.16 However, 
Aldebasi et al. performed a study in the similar age 

group (6-13 years old), they determined the rate 
of spectacle wear as 5.5% during vision screening, 
however different from the present study, and they 
did not query the presence of physician-prescribed 
spectacle in overall children with low visual acuity 
in their study.21 The cause of lower detection rate 
of spectacle wear in the present study may be 
related to many situations linked with barriers like 
appearance, being teased by peers, costs etc for 
non-compliance reported by Sharma et al.16

 The prevalence of strabismus in children has 
been reported to vary between 2% and 4%.15,22-25 
Inconsistent with these results, the prevalence of 
strabismus was found to be 2.2% in the current 
study. As it was previously suggested in the study 
of Lanca et al., the prevalence of strabismus did not 
differ according to age groups in the present study.15 
In another study, Kvanström et al. retrospectively 
examined the children from birth to ten years of age, 
and they demonstrated the peak age of strabismus 
as 4 years old, along with the detection of very few 
cases in children above 4 years old.22

 The strengths of the study are the considerable 
sample size and efforts of the children and 
their parents, the professional support of the 
ophthalmologist to gather accurate ophthalmic 
data and the usage of the proper cut-off values.

Limitations of the study: This study is limited by 
the lack of best corrected visual acuity and thus do 
not report amblyopia rates.

CONCLUSION

 Decreased visual acuity and strabismus affects 
one in eight children aged 5 to 13 years old.  Our 
results highlights that 7-9 years of age is a significant 
period in children for observing visual impairment.  
Almost half of children with physician-prescribed 
spectacle may not have sufficient visual acuity. 
More researches are needed to assess children 
according to age groups for vision problems to 
investigate new strategies.

REFERENCES
1. Hagan JF, Shaw JS, Duncan P, eds. Bright Futures: guidelines 

for health supervision of infants, children, and adolescents. 
3rd Edi. Pocket Guide. Elk Grove Village, IL: 2008. Available 
at: https://brightfutures.aap.org/bright%20Futures%20
Documents/BF3%20pocket%20guide_final.pdf (Accessed 
May 10, 2016)

2. Village EG. 2014 Recommendations for Pediatric Preventive 
Health Care. Pediatrics 2014;133:568–70. doi:10.1542/
peds.2013-4096

Is 7-9 years of age a threshold for visual impairment?

https://brightfutures.aap.org/bright%20Futures%20Documents/BF3%20pocket%20guide_final.pdf
https://brightfutures.aap.org/bright%20Futures%20Documents/BF3%20pocket%20guide_final.pdf


3. Kelly NR. Screening tests in children and adolescents. Up-
To-Date n.d. Available at: http://www.uptodate.com/
contents/screening-tests-in-children-and-adolescents?sour
ce=preview&language=en-US&anchor=H14&selectedTitle
=3~150#H14 (accessed November 20, 2015).

4. Nye C. A child’s vision. Pediatr Clin North Am 2014;61:495–
503. doi:10.1016/j.pcl.2014.03.001

5. Holmes JM, Clarke MP. Amblyopia. Lancet 
2006;22:367(9519):1343-51. doi:10.1016/S0140-
6736(06)68581-4

6. Atkinson J, Braddick O, Robier B, Anker S, Ehrlich D, 
King J, Watson P, Moore A. Two infant vision screening 
programmes: prediction and prevention of strabismus and 
amblyopia from photo- and videorefractive screening. Eye 
(Lond). 1996;10(Pt 2):189-98. doi:10.1038/eye.1996.46

7. Powell C, Wedner S, Richardson S. Vision screening for 
correctable visual acuity deficits in school-age children and 
adolescents. Cochrane Database Syst Rev 2005:CD005023. 
doi:10.1002/14651858.CD005023.pub2

8. Wright KW. Visual development and amblyopia. In: Wright 
KW, Spiegel PH, editors. Pediatr Ophthalmol Strabismus, 
New York, NY: Springer, New York; 2003, p. 157–8. 
doi:10.1007/978-0-387-21753-6

9. Pan Y, Tarczy-Hornoch K, Cotter SA, et al. Multi-Ethnic 
Pediatric Eye Disease Study Group. Visual acuity norms in 
pre-school children: the MultiEthnic Pediatric Eye Disease 
Study. Optom Vis Sci. 2009;86(6):607-612. doi:10.1097/
OPX.0b013e3181a76e55

10. Tingley DH. Vision screening essentials: screening today 
for eye disorders in the pediatric patient. Pediatr Rev. 
2007;28(2):54-61. doi:10.1542/pir.28-2-54

11. American Academy of Ophthalmology Pediatric 
Ophthalmology/Strabismus Panel. Preferred Practice 
Pattern® Guidelines. Amblyopia. San Francisco, CA: 
American Academy of Ophthalmology; 2012. Available 
at: http://www.aao.org/preferred-practice-pattern/
amblyopia-ppp--september-2012. (Accessed May 10, 2016)

12. Tezcan S, Aslan D. A review on the prevalence of refractive 
errors and other visual disturbances in some primary 
schools of Ankara between 1991-1999. J Turgut Özal Med 
Center. 2000:7(3):194-200.

13. Chung KM, Mohidin N, Yeow PT, Tan LL. Prevalence of 
visual disorders in Chinese Schoolchildren. Optom Vis Sci. 
1996;73(11):695-700.

14. Nucci C, Cofini V, Mancino R, Ricci F, Martucci A, Cecilia 
MR, Ciciarelli V, et al. Prevalence and risk factors of vision 
impairment among children of employees of Telecom, Italy. 
Eur J Ophthalmol. 2015;29:0. doi: 10.5301/ejo.5000733.

15. Lança C, Serra H, Prista J. Strabismus, visual acuity, and 
uncorrected refractive error in portuguese children aged 6 
to 11 years. Strabismus. 2014;22(3):115-119. doi:10.3109/092
73972.2014.932395.

16. Sharma A, Congdon N, Patel M, Gilbert C. School-based 
approaches to the correction of refractive error in children. 
Surv Ophthalmol. 2012;57(3):272-83. doi:10.1016/j.
survophthal.2011.11.002

17. Xiao O, Morgan IG, Ellwein LB, He M; Refractive Error 
Study in Children Study Group. Prevalence of amblyopia 
in school-aged children and variations by age, gender, 
and ethnicity in a multi-country refractive error study. 
Ophthalmology. 2015;122(9):1924-31. doi:10.1016/j.
ophtha.2015.05.034

18. Unsal A, Ayranci U, Tozun M. Vision screening among 
children in primary schools in a district of western 
Turkey: An epidemiological study. Pak J Med Sci. 
2009;25(6):976-981.

19. Committee on Practice and Ambulatory Medicine, 
Section on Ophthalmology. American Association of 
Certified Orthoptists; American Association for Pediatric 
Ophthalmology and Strabismus; American Academy of 
Ophthalmology. Eye examination in infants, children, and 
young adults by pediatricians. Pediatrics. 2003;111(4 Pt 
1):902-7. doi: 10.1542/peds.111.4.902

20. Zhao J, Pan X, Sui R, Munoz SR, Sperduto RD, Ellwein LB. 
Refractive Error Study in Children: results from Shunyi 
District, China. Am J Ophthalmol. 2000;129(4):427-35. 
doi:10.1016/S0002-9394(99)00452-3

21. Aldebasi YH. Prevalence of correctable visual impairment in 
primary school children in Qassim Province, Saudi Arabia. J 
Optom. 2014;7(3):168-76. doi:10.1016/j.optom.2014.02.001

22. Kvarnström G, Jakobsson P, Lennerstrand G. Visual 
screening of Swedish children: an ophthalmological 
evaluation. Acta Ophthalmol Scand. 2001;79(3):240-244. 
doi:10.1034/j.1600-0420.2001.790306.x

23. Friedman DS, Repka MX, Katz J, et al. Prevalence of 
amblyopia and strabismus in white and African American 
children aged 6 through 71 months the Baltimore Pediatric 
Eye Disease Study. Ophthalmology 2009;116:2128–2134. 
doi:10.1016/j.ophtha.2009.04.034

24. Aring E, Grönlund MA, Andersson S, et al. Strabismus 
and binocular functions in a sample of Swedish 
children aged 4–15 years. Strabismus. 2005;13:55–61. 
doi:10.1080/09273970590922664

25. Laatikainen L, Erkkila H. Refractive errors and other 
ocular findings in school children. Acta Ophthalmologica. 
1980;58:129–136. doi:10.1111/j.1755-3768.1980.tb04576.x

Authors Contributions:

YHE, AU, SA conceived, designed and did statistical 
analysis & editing of manuscript.
YHE, MT & AU did data collection and manuscript 
writing.
YHE, SA & EMŞ did review and final approval of 
manuscript.
YHE takes the responsibility and is accountable for 
all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved.

1198   Pak J Med Sci   2016   Vol. 32   No. 5      www.pjms.com.pk

Yusuf Haydar Ertekin et al.

http://www.aao.org/preferred-practice-pattern/amblyopia-ppp--september-2012
http://www.aao.org/preferred-practice-pattern/amblyopia-ppp--september-2012

