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Abstract 
 

Purpose: Uncorrected visual acuity is the only variable measured in vision screening programs in 
many countries worldwide. The aim of this study was to calculate the sensitivity, specificity, and 
predictive value of the uncorrected visual acuity in the screening programs for the diagnosis of 
refractive errors. 

Methods: In this cross-sectional study, of 4,157 students in the first year of primary school who 
were selected from seven cities of Iran through multistage cluster sampling, 3,675 
students participated in the study. In each school, measurement of corrected and uncorrected 
visual acuity, cycloplegic and non-cycloplegic refraction, and cover test were performed for all 
students by an optometrist. Refractive errors obtained by cycloplegic refraction were considered 
gold standard and the validity of uncorrected visual acuity measured in the screening program for 
the diagnosis of refractive error was calculated. 

Results: In students with visual acuity of 20/20, the prevalence of myopia, hyperopia and astigmatism 
was 1.14%, 8.07% and 11.11%, respectively. The sensitivity of uncorrected visual acuity in the 
screening program for the diagnosis of myopia, hyperopia, astigmatism, and ametropia was 
25.33%, 12.81%, 14.34%, and 12.64%. The area under the ROC curve of uncorrected visual 
acuity by optometrist and the screening program only showed a significant difference in myopia 
(p=0.013).  

Conclusion: The measurement of visual acuity in screening programs is not useful per se in the 
diagnosis of refractive errors and has a high percentage of false negative results. Adding refractive 
error examinations to the protocol of screening programs can increase their efficacy. 
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Introduction 

Amblyopia is suggested as the primary cause 
of unilateral visual impairment in childhood 
and even later in life.1-3 The diagnosis of 
amblyopia is the most important target of 
visual screening programs worldwide.4,5 
Subjective and objective tests are now 
performed in visual screening programs to 
diagnose this disorder during childhood.6-9 
Measurement of visual acuity with an E chart 
is a very routine examination in vision 
screening programs.7,10-13 Due to the 
importance of vision screening, many studies 
have evaluated them worldwide.13-19 Review of 
the literature in this area shows great 
variations in the sensitivity of such programs 
around the world. In recent years, the use of 
subjective methods of measuring visual 
acuity, like photorefraction, has increased the 
validity of screening programs.20,21 

Visual screening programs are not 
sensitive enough and available evidence 
shows that in some countries like Iran, their 
sensitivity is even less than 50%.13,22,23 In 
addition, another major weak point of 
screening programs in most parts of the world 
is the lack of refractive error examination. 
Refractive errors are the most prevalent cause 
of amblyopia24-27 and the most common cause 
of visual impairment,28 which may lead to 
amblyopia in children if uncorrected in 
childhood. 

The distance E chart, which is now 
routinely used in visual screening programs, 
has a high sensitivity in detecting the cases of 
myopia; however, it is not sensitive enough for 
detecting the cases of hyperopia and 
astigmatism29 although they are very prevalent 
in children.30,31 On the other hand, it has been 
shown that if they are not corrected in 
childhood, they can lead to amblyopia and 
even strabismus. Moreover, some studies32 
have shown that hyperopia in children can 
decrease educational performance due to its 
effect on the near vision. O’Donoghue29 from 
Ireland evaluated the importance of 
measuring refractive errors in screening 
programs. However, due to the importance of 
this issue and since there is limited evidence 
regarding the necessity of performing 
refractive errors examinations in screening 
programs, more extensive studies are 
required worldwide. It should be noticed that 
O’Donoghue evaluated the sensitivity of 

optometrist-measured visual acuity in the 
diagnosis of refractive errors while visual 
acuity is measured by people other than 
optometrists with less than 100% sensitivity in 
most screening programs worldwide.13-15,17-19 
Therefore, it is more practical and realistic to 
show the validity of visual acuity measured in 
screening programs for the diagnosis of 
refractive errors. Furthermore, it can also 
reveal the shortcomings of vision screening 
programs in the diagnosis of refractive errors. 
Due to the importance of refractive errors in 
children and since they are not properly 
assessed in vision screening programs, our 
study was designed and conducted to 
evaluate the validity of uncorrected visual 
acuity in the screening program (UVASP) for 
the diagnosis of different types of refractive 
errors. 
 

Methods 

This cross-sectional study was performed in 
2013. In this study, the target population was 
the children aged 6-7-year-old who lived in 
urban areas of Iran. The participants were 
selected from the students in the first year of 
primary school who had received screening 
for visual problems. 
 
Sampling method 
In this study, seven Iranian cities from 
different geographic locations were randomly 
selected through multistage cluster sampling. 
In each city, in the first step, a number of boys 
and girls from primary schools were randomly 
selected in equal numbers. Then, in each 
school, all students in the first year were 
selected for sampling. 

After determining the schools and 
coordination with the authorities of the Ministry 
of Education, consent forms were delivered to 
the schools to be completed and signed by 
parents. 

The students entered the study based on 
the first letter of their family name in Persian 
alphabet. Moreover, demographic data such 
as the parents’ education and occupation was 
extracted from the students’ health profiles in 
the first step. Furthermore, UVASP was 
retrieved from the health profiles, as well. 
Then, the students entered the stage of 
optometric examination. 
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Examination 
After the interview, the student entered the 
examination room and received  
non-cycloplegic refraction with an auto 
refractometer (Topcon RM8800, Topcon 
Corporation, Tokyo, Japan) by an experienced 
optometrist, and the results were recorded 
and attached to the student’s profile. After 
that, the students entered the next stage. In 
this stage, if the student used glasses, visual 
acuity with current glasses was measured with 
an “E” Snellen chart at 6 m and the result was 
recorded. Then, lensometry was performed 
(Topcon LM 800, Topcon Corporation, Tokyo, 
Japan) and the power of the glasses and time 
of prescription was recorded. In the following 
step, uncorrected visual acuity was measured 
for all students, if uncorrected visual acuity 
was less than 20/25 in a student, subjective 
refraction was performed and the results of 
subjective refraction with best corrected visual 
acuity were documented. Finally, all students 
received cycloplegic refraction with 
cyclopentolate 1%. 
 
Definitions 
According to the UK National Screening 
Committee,29 we considered the specificity 
and sensitivity of UVASP worse than 0.2 
logMAR (20/32) in the diagnosis of refractive 
errors. It should be mentioned that this cut 
point is used to refer the students to the 
optometrist in the screening programs in Iran, 
as well. Refractive errors were determined 
based on cycloplegic refraction similar to other 
studies on children. The spherical equivalent 
(SE) was used for calculation of refractive 
errors. Similar to previous studies,33,34 myopia 
was defined as SE≤-0.5 D, hyperopia was 
defined as SE≥+2 D, and astigmatism was 
defined as cylinder power worse than 0.5 D. 
Ametropia was defined as an eye that has 
refractive error. 
 
Statistical analysis 
Considering the aim of the study which was to 
show that refractive errors are missed in 
vision screening programs conducted at the 
start of primary education, the prevalence of 
the refractive errors with 95% confidence 
interval was determined in students whose 
uncorrected visual acuity was reported 20/20 in 
the screening program. Then, to determine 
the validity of the examinations, sensitivity, 

specificity, and predictive value of distance 
visual acuity measured in the screening 
program for the diagnosis of myopia, 
hyperopia, and astigmatism were evaluated. 
Moreover, Receiver Operating Curves (ROC) 
were used to show the best cut point in the 
current situation and the area under the curve 
was separately calculated for each refractive 
error. The Youden index was used to show 
the best cut point. 

The index was suggested by Youden as a 
way of summarising the performance of a 
diagnostic test.  
 

Results 

In this study, 4,157 students were selected 
from seven cities in Iran of whom 3,675 
students participated in the study (response 
rate=88.4%). 53.3% (n=1,919) of the 
participants were male. Cycloplegic refraction 
was not performed on 26 students due to 
contraindication or lack of cooperation; 
therefore, final analysis was performed on 
3,649 students of whom 52.3% (n=1,907) 
were male. Based on the examinations in the 
students’ health profiles, visual acuity was 20/20 
in 2,468 (67.6%) students. 

According to the results of the present 
study, after regarding the weight of each city, 
the prevalence of myopia, hyperopia, and 
astigmatism was 1.14% (95%CI 0.70-1.58), 
8.07% (95%CI 5.07-11.07), and 11.11% 
(95%CI 9.00-13.22) in students with 
uncorrected visual acuity 20/20, respectively. In 
total, 18.53% (95%CI 14.94-22.13) of the 
students had at least one refractive error 
(ametropia). 

Table 1 presents the results of this study 
with regards to refractive error based on 
cycloplegic refraction as gold standard and 
UVASP worse than 0.2 logMAR. Table 2 
shows the sensitivity, specificity, predictive 
value, likelihood ratio, accuracy, and efficacy 
of the screening program for the diagnosis of 
refractive errors. According to Table 1, the 
sensitivity of UVASP worse than 0.2 logMAR 
for the diagnosis of myopia, hyperopia, and 
astigmatism was 25.33%, 12.81%, and 
13.34%, respectively. Moreover, the sensitivity 
of this cut point was 12.64% for the  
diagnosis of ametropia. The highest 
positive likelihood ratio was seen in myopia 
and the lowest was seen in hyperopia. 
Moreover, according to table 2, the highest 
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positive predictive value was for astigmatism 
and the lowest was for myopia. 

The accuracy of UVASP worse than 0.2 
logMAR for the diagnosis of myopia, 
hyperopia, astigmatism, and at least one 
refractive error was 93.58%, 87.11%, 83.37%, 
and 76.76%, respectively. Figure 1 depict the 
ROC curve of UVASP and uncorrected visual 
acuity measured by the optometrist for the 
diagnosis of each refractive error separately.   

Table 3 presents the area under the ROC 
curve of UVASP and uncorrected visual acuity 
measured by the optometrist for detecting 
different types of refractive errors. For all 
refractive errors, the area under the ROC 
curve was significantly different from 0.5 
(p<0.001). Moreover, comparison of the area 

under the curve of UVASP and uncorrected 
visual acuity by optometrist (UVAO) showed a 
significant difference only in myopic patients 
(p=0.013). 

Table 2 demonstrates the sensitivity, 
specificity, and likelihood ratioof different cut 
points of UVASP for detecting myopia, 
hyperopia, astigmatism, and ametropia. 
Moreover, according to the maximum of 
Yuden index, a cut point of equal to or worse 
than 0.18 LogMAR for uncorrected visual 
acuity has the best sensitivity and specificity 
for the diagnosis of myopia in the screening 
program. The results of Yuden index showed 
that this cut point was 0.05 logMAR for 
astigmatism and hyperopia.   

 

Table 1. Validity of uncorrected visual acuity cut-off of poorer 0.2 logMAR (
20

/32) to diagnosis myopia, hyperopia, 

astigmatism and ametropia 

 
Myopia Hyperopia Astigmatism Ametropia 

 
% 95%CI % 95%CI % 95%CI % 95%CI 

Sensitivity 25.33 15.99 to 36.70 12.81 9.56 to 16.66 14.34 11.57 to 17.48 12.64 10.51 to 15.04 

Specificity 95.01 94.25 to 95.70 95.42 94.65 to 96.11 96.23 95.49 to 96.87 96.86 96.15 to 97.48 

Likelihood Ratio+ 5.08 3.36 to 7.69 2.80 2.05 to 3.81 3.80 2.90 to 4.97 4.03 3.08 to 5.29 

Likelihood Ratio- 0.79 0.69 to 0.90 0.91 0.88 to 0.95 0.89 0.86 to 0.92 0.9 0.88 to 0.93 

Predictive Value 9.64 5.91 to 14.65 23.86 18.07 to 30.45 41.41 34.46 to 48.63 55.84 48.59 to 62.91 

Predictive Value 98.38 97.90 to 98.77 90.72 89.70 to 91.67 85.79 84.58 to 86.94 77.96 76.54 to 79.33 
 

Likelihood Ratio is not percentage 

 
 

Table 2. Sensitivity, specificity, likelihood ratio and Youden's index of uncorrected visual acuity based on different cut 

pointsfor the diagnosis of  myopia, hyperopia, astigmatism and ametropia 

UCVA 
(logMAR) 

Myopia  Hyperopia 

Sensitivity (%) Specificity (%) YI LR+ LR-  Sensitivity (%) Specificity (%) YI LR+ LR- 

≥0.05 64.21 68.49 32.70 2.04 0.52  46.83 68.86 15.69 1.5 0.77 

≥0.1 62.11 71.44 33.55 2.17 0.53  42.96 71.71 14.67 1.52 0.8 

≥0.18 43.16 92.77 35.93 5.97 0.61  19.37 92.78 12.15 2.68 0.87 

≥0.2 22.11 96.54 18.65 6.39 0.81  12.32 96.76 9.08 3.8 0.91 

≥0.3 13.68 97.16 10.84 4.82 0.89  10.21 97.47 7.68 4.04 0.92 

≥0.4 7.37 97.66 5.03 3.16 0.95  9.15 98.1 7.25 4.81 0.93 

≥0.48 7.37 97.92 5.29 3.54 0.95  7.39 98.22 5.61 4.15 0.94 

≥0.6 1.05 98.59 -0.36 0.75 1  4.58 98.87 3.45 4.05 0.97 

≥0.7 0 99.94 -0.06 0 1  0.35 99.97 0.32 11.85 1 

UCVA 
(logMAR) 

Astigmatism  Ametropia 

Sensitivity (%) Specificity (%) YI LR+ LR-  Sensitivity (%) Specificity (%) YI LR+ LR- 

≥0.05 53.05 72.17 25.22 1.91 0.65  49.16 73.04 22.2 1.82 0.7 

≥0.1 49.54 74.97 24.51 1.98 0.67  45.33 75.69 21.02 1.86 0.72 

≥0.18 21.95 94.85 16.8 4.27 0.82  19.57 95.51 15.08 4.36 0.84 

≥0.2 10.98 97.59 8.57 4.56 0.91  10.24 98.08 8.32 5.33 0.92 

≥0.3 7.77 97.9 5.67 3.69 0.94  7.42 98.26 5.68 4.27 0.94 

≥0.4 5.64 98.23 3.87 3.19 0.96  5.51 98.51 4.02 3.71 0.96 

≥0.48 4.88 98.36 3.24 2.98 0.97  4.72 98.59 3.31 3.34 0.97 

≥0.6 1.98 98.73 0.71 1.56 0.99  2.36 98.91 1.27 2.17 0.99 

≥0.7 0.3 100 0.3 1   0.22 100 0.22 1 
 

 

UCVA: Uncorrected visual acuity, LR: Likelihood ratio, YI: Youden's index 
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Table 3. ROC area: use of uncorrected visual acuity to detect type of refractive errors 

 
 

ROC area (95%CI) p 

Myopia 
Uncorrected visual acuity by optometrist 0.717 (0.658-0.776) 0.013 

Uncorrected visual acuity by screening program 0.801 (0.75-0.853) 
 

 
   

Hyperopia 
Uncorrected visual acuity by optometrist 0.596 (0.562-0.629) 0.477 

Uncorrected visual acuity by screening program 0.608 (0.58-0.637) 
 

 
   

Astigmatism 
Uncorrected visual acuity by optometrist 0.646 (0.623-0.669) 0.096 

Uncorrected visual acuity by screening program 0.667 (0.646-0.687) 
 

 
   

Ametropia 
Uncorrected visual acuity by optometrist 0.629 (0.608-0.649) 0.050 

Uncorrected visual acuity by screening program 0.650 (0.633-0.667) 
 

    

Ametropia: An eye that has refractive error is said to have ametropia or be ametropic. 

 
 

 
 

Figure 1. Roc curve: use of uncorrected visual acuity (logMAR) by screening program to detect myopia, 

hyperopia, astigmatism and ametropia 
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Discussion 

As mentioned earlier, the aim of the present 
study was to show the importance of refractive 
error examination in vision screening of the 
students of the first year of primary school. 
We used two methods to show the importance 
of refractive error examination to achieve this 
objective. In the first method, we evaluated 
refractive errors in students who had a 
uncorrected visual acuity of 20/20 in vision 
screening and showed the percentage of 
refractive errors which was missed in these 
individuals. In the second method, we 
assessed the validity of UVASP in detecting 
each refractive error. A limited number of 
studies have evaluated the importance of 
visual acuity measurement in detecting 
refractive errors.29,35,36 However, since they 
used visual acuity by optometrist, it seems 
that their results do not represent actual 
situations since screening programs are 
performed by people other than optometrists 
in most countries.17,23 

As mentioned in the results, of students 
who had visual acuity 20/20 and were not 
referred for further evaluation, 18.53% had 
ametropia, 1.14% had myopia, 11.11% had 
astigmatism, and 8.07% had hyperopia. 
Although the prevalence of myopia was lower 
than hyperopia and astigmatism, it should be 
noticed that the prevalence of myopia in less 
than other refractive errors in children.30,31 
Moreover, since distant visual acuity of 20/20 
was used to detect myopia, vision screening 
programs are expected to detect a high 
percentage of cases with myopia37 while 
according to table 1, the sensitivity of distant 
visual acuity measured in the vision screening 
programs for the diagnosis of myopia was 
about 25%. In other words, 75% of the myopic 
students cannot be detected in vision 
screening programs. In comparison, other 
studies have reported the reliability of distant 
visual acuity in detecting myopia.36,37 For 
example, Leone et al36 reported that the 
sensitivity of distant vision screening for 
detecting myopia was more than 97% in 
Australian children aged 12 years old. 
O’Donoghue et al29 reported that the 
sensitivity of distant visual acuity in detecting 
myopia was 92% in Irish children aged 12-13 
years old. This finding shows that distant 
visual acuity measurement by non-

optometrists in the vision screening program 
in Iran has a low sensitivity.  
However, the difference can be partly due to 
the different age groups of the participants 
between our study and the study performed 
by O’Donoghue.29 Since the mean age of the 
participants was higher in the study by 
O’Donoghue,29 and their responses were 
more accurate. 

This finding is clearly demonstrated in 
figure 1 in which the ROC curve shows that 
the area under the curve for visual acuity by 
optometrist is significantly more than the area 
under the curve of the visual acuity measured 
in the screening program. Regardless of the 
validity of visual acuity in detecting myopia, 
this finding suggests that visual acuity by 
optometrist is more valid. One of the reasons 
for the apparent difference between the 
findings of our study and other 
investigations29,36 is the person in charge of 
measuring visual acuity. 

The results of our study showed that about 
8% of students with visual acuity of 20/20 were 
hyperopic. Since distant vision is good in 
hyperopic people with the use of 
accommodation and their near vision is 
impaired, this finding was expected. 
Hyperopia is very prevalent in childhood but 
part of it is compensated with 
accommodation.30,31,38 According to the 
definition of hyperopia, SE more than 2 D was 
considered hyperopia according to cycloplegic 
refraction. In other words, the cases that were 
defined as hyperopic in this study were 
clinically important even after the 
compensation of accommodation. 

It should be noticed that hyperopic people 
have more difficulties and problems with near 
activity than myopic individuals and they 
suffered symptoms like headache as a result 
of prolonged accommodation at the time of 
the study. Moreover, hyperopic children are 
prone to amblyopia.39 However, our study 
showed that the sensitivity of visual acuity 
measured in the screening program for 
detecting hyperopia was 13%. The sensitivity 
percentage was 70% and 89% in studies 
conducted by Leone et al36 and O’Donoghue 
et al,29 respectively. It seems that one of the 
reasons for the high sensitivity in the 
diagnosis of hyperopia in the study performed 
by o’Donoghue et al29 is the definition they 
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used for hyperopia (as SE more than 3.5 D); 
therefore, most of the hyperopic cases had 
severe hyperopia which could affect distant 
vision, as well. 
Regarding astigmatism, since the sensitivity of 
detecting astigmatism was more than 
hyperopia in our study, about 11% of the 
students with visual acuity 20/20 had 
astigmatism. Astigmatism can affect daily 
activities, specially studying. Moreover, 
undetected and untreated cases of 
astigmatism can result in amblyopia in 
children. Therefore, attention to hyperopia and 
astigmatism in screening programs and 
treatment and follow-up of the affected people 
can improve their vision, their education 
performance, and even their psychological 
profile. However, the important point regarding 
hyperopia and astigmatism is that we expect 
to miss a certain percent of the cases of 
hyperopia and astigmatism when diagnosis is 
based on distant visual acuity while 
comparison of the percentage of false 
negative between our study and other 
investigations showed that in addition to the 
low validity of the measurement method, the 
validity of the examiner was also low. 
According to the studies by O’Donoghue et 
al29 and Leone  
et al,36 distant visual acuity is of no use in 
detecting hyperopia and astigmatism and is 
only useful in detecting the cases of myopia 
while our study showed different results even 
for myopia. 

Moreover, the results of the ROC curve 
analysis and the area under the curve showed 
that visual acuity measured has a low validity 
for detecting hyperopia and astigmatism, 
regardless of the examiner (optometrist or  
non-optometrist). The area under the ROC 
curve was very similar in astigmatic and 
hyperopic patients with no significant 
difference. Furthermore, the area under the 
curve was small in both methods, suggesting 
that the measurement of visual acuity alone 
has low validity in detecting astigmatism and 
hyperopia, regardless of the examiner. 
 

Conclusion 

In conclusion based on our findings, we 
suggest that cycloplegic refraction should be 
added to the vision screening program. 
Although inexpensive tests are routinely used 
in screening programs, attention should be 

paid to the sensitivity and predictive value of 
the screening programs. If cycloplegic 
refraction cannot be performed for any 
reason, near visual acuity can be used in 
vision screening to detect non-myopic cases. 
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