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Abstract
Background Uncorrected refractive errors and amblyopia are reported as the two main causes of childhood visual 
impairment and blindness worldwide. Our purpose was to evaluate refractive status, ocular alignment and effective 
refractive error coverage (eREC) of school-aged children from low-income areas of Sao Paulo city, Brazil.

Methods Data from the “Ver na Escola” Project were used for the current study. Children enrolled in the selected 
schools had an ophthalmic exam including eye alignment assessed by cover test, automatized and subjective 
dynamic and static refraction. The associations of demographic variables with occurrence and magnitude of refractive 
errors and eREC were investigated by multiple logistic regressions and multilevel mixed effect models.

Results A total of 17,973 children (51.12% females) with mean ± sd age 8.24 ± 3.54 years old examined from July 2018 
to July 2019, were included in the study. Most of the participants (73%) showed orthoposition of the visual axis for 
both distance and near. Heterophoria was found in about 25% of participants (N = 4,498), with 71.7% of them (N= 
3,222) classified as exophoria. Less than 2% (N = 232) showed strabismus, most of them (N = 160) esotropia. Overall, 
1,370 (7.70%) of participants had myopia and 577 (3.24%) had hyperopia. Age was found to be significantly associated 
with increasing static subjective refraction spherical equivalent (Coefficient: -0.18; 95% Confidence Interval (CI): -0.21 
to -0.16; p < 0.001). Female sex (Odds Ratio (OR) = 1.13; 95%CI: 1.01–1.27; p = 0.027) and older age (OR = 1.17; 95%CI: 
1.16–1.19; p < 0,001) were significantly associated with myopia diagnosis. Older age decreased the odds of hyperopia 
(OR = 0.95; 95%CI: 0.93–0.98; p < 0.001). The overall effective refractive coverage was 51.76% and was significantly 
associated with age group, ranging from 32.25% in children aged 3 to 7 years to 61.35% in children aged 8 to 12 years.

Conclusions Most children have shown eye alignment for both distance and near assessments and no refractive 
error. Myopia was observed in 7.70% of the population and it was associated with older age and female sex. 
Hyperopia was observed in 3.24% and was associated with younger age. The overall eREC was 51.76%, significantly 
associated with age.
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Background
Accurately estimating the prevalence of visual impair-
ment and blindness in children is challenging due 
to methodological difficulties and large sample sizes 
required for studying conditions with low frequency in 
the population [1, 2]. Recent studies indicate that the 
prevalence of blindness ranges from 0.2 to 7.8 per 10,000 
children in low and middle-income countries, and about 
6 per 10,000 children in developed countries for the 
under-15 age group [3]. The primary causes of child-
hood visual impairment and blindness are uncorrected 
refractive errors and amblyopia [4]. Additionally, there 
are notable differences in other underlying conditions: 
congenital cataract and infectious diseases are more 
common in low-income countries, while retinopathy of 
prematurity is more frequent in high-income countries 
[4].

Refractive errors can be classified into myopia, hypero-
pia, and astigmatism. Myopia is a condition usually asso-
ciated with the elongation of the axial length and it is 
often referred as far vision impairment as distant objects 
appear indistinct while close objects appear clear [5]. 
Currently, 30–50% of adults in Europe and United States 

are myopic, and the condition can affect as many as 90% 
of high school students in East Asia [6–8]. Myopia has 
shown a significant increase in prevalence over the last 
two decades and the number of people affected by myo-
pia worldwide is expected to increase from 1.4  billion 
to 5  billion by 2050, affecting approximately 50% of the 
world’s population [9].

An increasing body of evidence highlights the poten-
tial of visual health initiatives to advance the Sustainable 
Development Goals (SDGs), contributing to objectives 
such as poverty reduction, zero hunger, good health and 
well-being, quality education, gender equality, and decent 
work. Notably, uncorrected refractive error stands out 
as a primary global cause of vision loss. Therefore, the 
World Health Organization (WHO) has incorporated 
the effective refractive coverage (eREC) indicator as a 
key parameter for assessing progress toward achieving 
the 2030 SDGs [10]. eREC is defined as the percentage of 
individuals in need of refractive error services, including 
spectacles, contact lenses, or refractive surgery, who have 
received these services and achieved positive outcomes.

Recently, an initiative from the São Paulo city gov-
ernment in partnership with a local non-governmental 
organization, the so-called project named “Projeto Ver 
na Escola” was launched aiming to offer visual screening 
and free-of-charge glasses to children enrolled in public 
schools of the city. A previous report has presented the 
frequency and causes of visual impairment and blindness 
in the study population [11].

The purpose of the current study is to determine 
refractive and eye alignment status and effective refrac-
tive error coverage of school-aged children from low-
income areas of Sao Paulo city, Brazil.

Methods
“Ver na Escola” project
Our data was derived from the “Ver na Escola” Proj-
ect, a Sao Paulo city government program in partner-
ship with Institute Verter that offers visual screening to 
children enrolled in public schools of the city. Besides 
the visual screening, those with identified visual impair-
ment are examined by an ophthalmologist in the school, 
and actions, including spectacles provision, are offered 
free-of-charge. The project was carried out in public 
educational institutions mainly Unified Educational Cen-
ters (CEUs), and reached all regions of the Municipality 
of São Paulo, Brazil. The city had 46 CEUs with 79,192 
children aged 3 to 17 years old enrolled in the year 2018. 
According to the Paulista index of social vulnerability 
(IPVS), an index that measures the socioeconomic profile 
of each censorial sector in the Sao Paulo state, the Ver na 
Escola Project selected 22 CEUs distributed in different 
locations, including the south, east, center-east, west and 
north regional boards, as shown in Fig.  1. The current 

Fig. 1 Map of Sao Paulo with regions north (green), south (red), east 
(pink), west (purple), and center-east (orange), indicating the locations of 
the 22 educational centers selected to the Ver na Escola Project through-
out the entire city
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study include data collected in the Project from July 2018 
to July 2019.

Ethical approval and informed consent
This study was approved by the Research Ethics Com-
mittee of the Hospital de Olhos Paulista (H.OLHOS) and 
was conducted in accordance with the tenets of the Dec-
laration of Helsinki.

Prior to the testing, the children’s guardians were asked 
to sign a consent form to participate in the current study. 
Only children whose guardians authorized participation 
were included.

Screening tests
Screening tests included presenting distance visual 
acuity (PVA) measured with currently used specta-
cles if participant was wearing them, ocular alignment 
assessed by cover/uncover test followed by alternate 
cover test at 33  cm and 4  m, and dynamic (i.e. non-
cycloplegic) automatized refraction (KR 7000  S Topcon 
autorefractor).

Visual acuity was measured by experienced ophthalmic 
technologists using printed tumbling E logMAR charts at 
a four-meter distance. Visual acuity was measured from 
each eye separately and was recorded as the smallest line 
read with one or no errors. Testing for counting fingers, 
hand movement, and light perception were performed 
on those unable to read the top line at a one-meter dis-
tance. All the tests were performed in rooms with similar 
dimensions and standardized light sources ensuring con-
sistency on the lightening conditions during the tests.

Ocular alignment was classified as orthoposition, het-
erophoria, manifest heterotropia, or intermittent hetero-
tropia. Misalignment was determined as eso, exo and/or 
vertical. The presence of nystagmus was noted. The eval-
uation was performed with spectacles if the participant 
presented with them or without them if the participant 
was not wearing any correction.

The criteria for referral to the ophthalmologist exam 
were PVA worse than 0.2logMAR (20/32) in either eye 
and/or detection of manifest or intermittent strabismus 
and/or nystagmus. Participants not referred to the oph-
thalmologist were sent back to the classroom and the 
parents were reported about the child’s healthy visual sta-
tus and the importance of yearly evaluations.

Ophthalmological exam
Children referred for the complete ophthalmological 
evaluation have received one drop of tropicamide 1% and 
one drop of cyclopentolate 1% with an interval of 5 min 
between them. Pupillary reflexes were evaluated after 
30 min from the first drop. Automatized and subjective 
static  (i.e. cycloplegic) refraction, slit lamp examination, 
and indirect binocular fundoscopy were performed in all 

participants. Slit lamp examination included eyelid, cor-
nea, conjunctiva, iris and lens evaluation.

Individuals were classified as presenting emmetropia, 
hyperopia, or myopia according to international guide-
lines [12–16]. Myopia was defined as spherical equivalent 
(SE) refractive error of at least − 0.50 D and hyperopia as 
+ 2.00 D or more. Children were considered myopic if one 
or both eyes were myopic and hyperopic if one or both 
eyes were hyperopic, so long as neither eye was myopic.

Statistical analysis
Statistical analyses were performed using Stata/SE Sta-
tistical Software, Release 14.0, 2015 (Stata Corp, College 
Station, Texas, USA). Data cleaning was conducted to 
verify potential inaccuracies. Frequency tables were used 
for descriptive analysis. Chi-Square test was used to com-
pare frequencies among groups.

We used the refractive data to calculate the spherical 
equivalent (SE) through the formula SE = spherical com-
ponent + (cylindrical component / 2), and it was analyzed 
on a per-eye basis by multilevel mixed-effects mod-
els adjusted for sex and age with a random intercept to 
account for intra-subject correlation.

The refractive error coverage was calculated consider-
ing the ratio of individuals who presented with spectacles 
and whose PVA was ≥ 20/40 in the better eye (met need) 
by the sum of the individuals who presented with spec-
tacles for distance and whose PVA was < 20/40 in the 
better eye improving to ≥ 20/40 with adequate refraction 
(undermet need) and those with PVA < 20/40 in the bet-
ter eye who did not have correction and who improved to 
≥ 20/40 on refraction (unmet need) [10]. Type of refrac-
tive error and met/unmet status were evaluated on a per-
individual basis by multiple logistic regression analysis. 
For all tests, P values ≤ 0.05 were considered statistically 
significant.

 
REC =

metneed

met need + undermet need + unmet need

Results
A total of 17,973 children (51.12% females), with ages 
ranging from 3 to 17 years old [mean ± standard deviation 
(SD) = 8.24 ± 3.54 years] were included in the study. When 
considering the total of students aged 3 to 17 years old 
enrolled in all the CEUs in the city, the study sample rep-
resents 22.69% of the total population.

Vision screening
Most children (N = 16,661; 92.70%) were not wearing 
any refractive correction at the moment of the exam. 
For those using it (N = 1,312; 7.30%), the mean spherical 
equivalent was − 1.04 ± 3.00 spherical diopters (SD).
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Table  1 shows the ocular alignment status in all the 
participants at near and distance evaluations.

For both distance and near, most of the participants 
had orthoposition of visual axes. About one quarter of 
cases presented a phoria, and most cases were exophoria. 
Less than 2% presented a tropia; most of which were eso-
tropia. Nystagmus was noted in 55 (0.31%) individuals.

Dynamic automatized refraction was performed in 
17,783 (98.95%). The mean spherical equivalent was 
− 0.24 ± 1.56 SD (median: 0.00D) and it ranged from 
− 19.75D to + 16.00D. The multilevel mixed effects 
model analysis showed a statistically significant influ-
ence of female sex (coefficient: -0.0968; 95%CI: -0.1409 
to -0.0527; p < 0.001) and older age (coefficient: -0.0876; 
95%CI: -0.0938 to -0.0814; p < 0.001) on decreasing 
dynamic automatized refraction spherical equivalent. 
Figure  2 shows the dynamic automatized refraction 
according to sex and age.

A total of 3,645 (20.28%) children were referred for 
complete evaluation by the ophthalmologist. 3,273 chil-
dren were referred due to PVA < 20/32 in either eye, 175 
due to eye alignment disorders, and 197 due to both 
reasons.

Ophthalmic examination
Most of the referred children were females (54.49%), 
and the mean age was 8.93 ± 3.74 (range 3 to 17 years 
old). Multiple logistic regression for referral showed 
that girls were more likely to be referred than boys (OR: 
1.17; 95%CI: 1.08–1.26; p < 0.001), and the odds of being 
referred increased with age (OR: 1.07; 95%CI: 1.06–1.08; 
p < 0.001).

Out of the total participants referred to the ophthal-
mologist evaluation, 3,264 (89.55%) performed auto-
mated static refraction. Their mean dynamic automatized 
refraction spherical equivalent performed at screening 

was − 1.12 ± 2.90 SD (median: -1.00D), ranging from 
− 20.00D to + 16.00D. Their mean static automatized 
refraction spherical equivalent was 0.02 ± 2.64 SD 
(median: -0.25D), ranging from − 24.25D to + 15.50D. The 
multilevel mixed effects model analysis showed a statis-
tically significant influence of age (coefficient: -0.1924; 
95%CI: -0.2154 to -0.1694; p < 0.001) on increasing static 
automatized refraction spherical equivalent.

Figure 3 shows the static automatized refraction mea-
sured in the evaluation with the ophthalmologist in com-
parison to the dynamic automatized refraction measured 
at screening, according to age.

A total of 3,434 participants performed static subjec-
tive refraction, and the mean spherical equivalent was 
− 0.15 ± 2.56 SD (median: -0.25), ranging from − 20.00D 
to + 16.75D. The multilevel mixed effects model analysis 
showed a statistically significant influence of age (coef-
ficient: -0.1854; 95%CI: -0.2084 to -0.1623; p < 0.001) 
on increasing static subjective refraction spherical 
equivalent.

Table 2 shows the refractive status classification of par-
ticipants according to the WHO guidelines.

Overall, 1,370 (7.70%) of participants had myopia, 
and 577 (3.24%) had hyperopia. Multiple logistic regres-
sion showed a statistically significant influence of female 
sex (OR = 1.13; 95% CI: 1.01–1.27; p = 0.027) and older 
age (OR = 1.17; 95% CI: 1.16–1.19; p < 0.001) on myopia 
diagnosis. For hyperopia, in the other hand, no sex influ-
ence was observed (p = 0.633) and older age decreased 
the odds of hyperopia (OR = 0.95; 95% CI: 0.93–0.98; 
p < 0,001).

Effective refractive error coverage
The eREC was calculated as the ratio of the 1,102 individ-
uals who presented with spectacles and whose PVA was 
≥ 20/40 in the better eye (met need) divided by the sum 
of these 1,102 individuals plus the 164 individuals who 
present with spectacles for distance and whose PVA was 
< 20/40 in the better eye but who improved to ≥ 20/40 on 
refraction (undermet need) plus the 856 individuals with 
PVA < 20/40 in the better eye who did not have correc-
tion and who improved to ≥ 20/40 on refraction (unmet 
need). Table 3 shows the results according to sex.

Multiple logistic regression showed a statistically sig-
nificant influence of age on eREC. Individuals aged 3 to 
7 years old are 3.31 times more likely to have an under-
met or unmet need than those aged 8 to 12 years old 
(OR = 3.31; 95% CI: 2.64–4.14; p < 0.001), and individuals 
aged 13 to 17 years old are 1.40 times more likely to have 
an undermet or unmet need than those aged 8 to 12 years 
old (OR = 1.40; 95% CI: 1.14–1.71; p = 0.001).

Table 1 Ocular alignment status
Near Distance
n (%) n (%)

Orthoposition 13,111 (72.95) 13,114 (72.96)
Heterotropia 227 (1.26) 230 (1.28)
 Eso 158 (69.60) 160 (69.56)
 Exo 63 (27.76) 63 (27.39)
 Vertical 6 (2.64) 7 (3.05)
Heterophoria 4,495 (25.01) 4,480 (24.93)
 Eso 1,273 (28.31) 1,268 (28.30)
 Exo 3,222 (71.68) 3,212 (71.70)
 Vertical 0 (0.00) 0 (0.00)
Intermittent 117 (0.65) 116 (0.64)
 Eso 30 (25.64) 29 (25.00)
 Exo 87 (74.36) 87 (75.00)
Undetermined 23 (0.13) 33 (0.18)
Total 17,973 (100.00) 17,973 (100.00)
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Discussion
Our group evaluated a large population school-aged chil-
dren from low-income areas of Sao Paulo city, Brazil with 
visual screening and comprehensive eye exam. Our data 
showed that most children have eye alignment for both 
distance and near assessments and that 7.70% presented 
myopia while hyperopia was observed in 3.24%. We 
found a low overall eREC of 51.76%, significantly associ-
ated with age.

We have previously published a frequency of visual 
impairment of 14.55% considering PVA which decreased 
to 1.30% when considering BCVA (best corrected visual 
acuity) in this population. We also found that 91% of 
all participants with initial visual impairment in PVA 
showed improvement after refractive correction provi-
sion. In this previous report on frequencies and causes 
of visual impairment and blindness, we showed that the 
main causes of vision impairment in this population 

were uncorrected refractive errors (96.77%), amblyopia 
(0.88%), and retinal abnormalities (0.37%) [11]. We fur-
ther explored our data to investigate the refractive status 
and the effective refractive error coverage (eREC) hereby 
reported.

Strabismus was diagnosed in 1.28% of the evaluated 
children, a frequency similar to those observed in previ-
ous studies conducted in Brazil (1.40%) [17] and Japan 
(1.28%) [18]. Our values were lower than those reported 
in other regions such as Iran (2.02%) [19], United King-
dom (2.40%) [20], Australia (2.80%) [21], Chile (9.86%) 
[22], and Ethiopia (17.96%) [23]. The variability among 
regions can be explained by the demographic profile of 
the population under study in terms of age.

Myopia was observed in 7.70% of participants and 
was statistically associated with female sex and older 
age. Previous studies performed in Brazil have shown 
frequencies of myopia ranging from 5.46% in children 

Fig. 2 Mean dynamic automatized refraction in spherical equivalent (SE) according to sex and age. Error bars show respective standard errors
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aged 11–14 years old in Sao Paulo to 9.64% in children 
aged 5–18 years old in Campinas [15, 24]. Global reports 
reveal a significant variation in myopia prevalence based 
on geographic location. East Asian countries, including 
Hong Kong, China, Singapore, and Taiwan, record the 
highest myopia rates among pediatric populations, with 

approximately 70–90% affected by age 18 [25]. Recent 
studies indicate that nearly 60% of children in the United 
States within this age group experience myopia [26]. In 
contrast, European and Australian children exhibit lower 
myopia rates, with 12% of Australian 11- to 15-year-olds, 
18% of Irish 12- to 13-year-olds, and 29% of British 12- 
to 13-year-olds being myopic [27–29]. Our findings align 
with those observed in Africa, where prevalence remains 
below 10% [25, 30]. Notably, a separate study found that 
only 0.8% of Laotian children were myopic, and these 
rates varied between rural and urban environments [31]. 
Regardless of the region, myopia has shown a notable 
increase in prevalence over the past two decades, and 
the number of individuals affected by myopia globally 
is expected to rise from 1.4  billion to 5  billion by 2050; 
when it will affect approximately 50% of the world’s pop-
ulation [9].

We found myopia occurrence and magnitude to be 
associated with age. These findings are in accordance 
with the literature, and it is likely explained by the eye 
elongation during the development progress. Previous 
studies in humans and animal models have shown the 
natural axial length increase associated with the aging 
progress [32–34]. Eye growth was found to be consider-
ably slower between ages 12 to 22 years-old (0.04  mm/
year) when compared to between ages 6 to 16 years-old 
(0.12  mm/year) [33]. Recent studies point the influence 
of light exposure on eye elongation rates and the conse-
quent myopia progression. It has been shown that the 

Table 2 Frequency of refractive status according to WHO 
guidelines for classification

Participants who went 
through subjective refrac-
tion N = 3,434

All the participants
N = 17,793

n (%; 95%CI) n (%; 95%CI)
Emmetropia 1,487 (43.30; 41.65–44.97) 15,846 (90.06; 

88.70–91.61)
Myopia 1,370 (39.89; 38.27–41.54) 1,370 (7.70; 7.24–8.02)
Hyperopia 577(16.80; 15.59–18.09) 577 (3.24; 2.96–3.48)

Table 3 Effective refractive error coverage (eREC) by sex and age
MET UNDERMET UNMET eREC (95% confi-

dence interval)
Sex
 Male 461 68 408 49.20 (46.00 – 53.99)
 Female 641 98 453 53.78 (50.93 – 56.59)
Age
 3-7
 8-12

169
589

27
83

328
288

32.25 (28.37 – 36.39)
61.35 (58.23 – 64.39)

 13-17 344 56 245 53.33 (49.46 – 57.17)
All 1102 166 861 51.76 (49.63 

– 53.88)

Fig. 3 Dynamic versus static automatized refraction in spherical equivalent (SE) according to age. Error bars show respective standard errors
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light exposure regulates the eye growth due to effects 
of signaling molecules such as retinal dopamine and 
retinoic acid [35–37]. In that sense, public health lead-
ers have recommended controlling the number of hours 
indoors in order to avoid myopia development and 
progression.

Myopia occurrence and magnitude was also more sig-
nificantly associated with female sex, which is in accor-
dance with previous reports in the literature [38–40]. 
Ethoven et al. have recently evaluated a large cohort of 
children and attributed the differences to social/behav-
ioral aspects such as girls spending less time outdoors, 
having less sport participation, reading more books and 
having longer reading times than boys [41]. On the other 
hand, Xu et al. have shown that most of the myopia dif-
ferences across sexes are explained by girl’s early puberty, 
considering the hormonal changes and body growth [42]. 
Further studies comparing biological and behavioral 
aspects of boys and girls are needed to investigate the 
underlying reasons for the differences observed.

No global data are available for effective refractive 
error coverage in children, and there is a pressing need 
for data collection and reporting in this group [43]. The 
few individual studies with school-aged children in China 
and India have shown effective refractive error coverages 
(eRECs) of 36% and 29%, respectively, which is lower than 
the 52% observed in the current study [44, 45]. Interest-
ingly, we noticed a significant difference in eREC among 
different age groups, with children aged 8 to 12 years 
showing better coverage. This is the age group at which 
children typically start to have a higher demand for visual 
tasks in school. Therefore, those in need of refractive cor-
rection are more likely to complain to their teachers and 
parents and, consequently, obtain a recent prescription 
and spectacles. Conversely, the younger group has the 
lowest coverage, as children at that age are less likely to 
complain about visual difficulties and are more likely not 
to have had an eye examination. Finally, eREC decreases 
in older age groups, as these children are more likely to 
have outdated prescriptions.

While the study included a substantial number of 
tested children, its primary limitation lies in the fact that 
the data were obtained from a convenience sample which 
can lead to selection bias and results that are not general-
izable to the entire population. Population-based studies 
require a sampling method to select a group of individu-
als that are representative of the entire population of 
interest. However, for rare conditions like childhood 
visual impairment, achieving the necessary sample size 
for such studies typically demands a large-scale effort, 
making them both expensive and time-consuming. Still, 
this is the most complete study on refractive error profile 
and refractive error coverage available from a Brazilian 
group of school children. When interpreting the results, 

it is also important to take into account that part of the 
sample was evaluated only by non-cycloplegic automatic 
refraction which can overestimate myopia and underesti-
mate hyperopia.

In conclusion, most children have shown eye alignment 
for both distance and near assessments. We observed a 
frequency of 7.70% of myopia and 3.24% of hyperopia in 
the evaluated population. Myopia occurrence and mag-
nitude were significantly associated with female sex and 
older age, while hyperopia occurrence and magnitude 
were significantly associated with younger age. The over-
all effective refractive coverage was 51.76% ranging from 
32.25% in children aged 3 to 7 years old to 61.35% in 
children aged 8 to 12 years old. These findings are use-
ful for informing policies and interventions aimed at 
improving childhood eye health in low-income urban 
settings. Specifically, public health authorities should 
focus on targeted eye health programs, early screening 
initiatives, and the allocation of resources to address the 
timely detection and correction of refractive errors in 
this population.
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