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ABSTRACT
Purpose: The aim of this study was to establish the frequency of refractive errors 
in children and adolescents aged between 8 and 17 years old, living in the me-
tropolitan area of Bucaramanga (Colombia).
Methods: This study was a secondary analysis of two descriptive cross-sectional 
studies that applied sociodemographic surveys and assessed visual acuity and 
refraction. Ametropias were classified as myopic errors, hyperopic errors, and mixed 
astigmatism. Eyes were considered emmetropic if none of these classifications were 
made. The data were collated using free software and analyzed with STATA/IC 11.2.
Results: One thousand two hundred twenty-eight individuals were included in 
this study. Girls showed a higher rate of ametropia than boys. Hyperopic refractive 
errors were present in 23.1% of the subjects, and myopic errors in 11.2%. Only 0.2% 
of the eyes had high myopia (≤-6.00 D). Mixed astigmatism and anisometropia were 
uncommon, and myopia frequency increased with age. There were statistically 
significant steeper keratometric readings in myopic compared to hyperopic eyes.
Conclusions: The frequency of refractive errors that we found of 36.7% is mode-
rate compared to the global data. The rates and parameters statistically differed 
by sex and age groups. Our findings are useful for establishing refractive error rate 
benchmarks in low-middle-income countries and as a baseline for following their 
variation by sociodemographic factors.
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RESUMO
Objetivo: O objetivo deste estudo foi estabelecer a frequência de erros refrativos em 
crianças e adolescentes com idade entre 8 e 17 anos, residentes na região metropolitana 
de Bucaramanga (Colômbia). 
Métodos: Este estudo foi uma análise secundária de dois estudos descritivos trans-
versais que aplicaram levantamentos sociodemográficos e avaliaram a acuidade 
e a refração visuais. As ametropias foram classificadas como erros miopicos, erros 
hipermetrópicos e astigmatismo misto. Os olhos eram considerados emétropes se 
nenhuma dessas classificações fosse feita. Os dados foram coletados usando software 
livre e analisados com STATA/IC 11.2. 
Resultados: Mil e duzentos e vinte e oito indivíduos foram incluídos neste estudo. As 
meninas mostraram uma maior taxa de ametropia do que os meninos. Erros refrativos 
hipermetrópicos estavam presentes em 23,1% dos indivíduos e erros miópicos em 11,2%. 
Apenas 0,2% dos olhos apresentavam miopia alta (≤-6,00 D). O astigmatismo misto e 
a anisometropia eram incomuns e a frequência de miopia aumentava com a idade. 
Houve leituras queratométricas mais acentuadas estatisticamente significativas em 
míopes em comparação com os olhos hipermétropes. 
Conclusões: A frequência de erros de refração que encontramos em 36,7% é moderada 
em comparação com os dados globais. As taxas e os parâmetros diferiram estatisti-
camente por sexo e grupos etários. Nossas descobertas são úteis para estabelecer 
padrões de referência de erro de refração em países de baixa renda média e como 
base para seguir sua variação por fatores sociodemográficos.

Descritores: Erros de refração; Miopia; Hipermetropia; Astigmatismo; Anisometropia; 
Criança
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INTRODUCTION
In recent decades, the prevalence of myopia has significantly 

in creased, especially in some Asian countries(1). In the last 6 years, 
studies from Taiwan, China, and Korea have reported very high rates 
of myopia, between 80.7 and 96.5%, in older adolescents and young 
adults(2-4). Increases in the prevalence of myopia have also been 
identified in children from other countries, including Australia and 
India(5,6). If these trends continue, according to the findings of a recent 
meta-analysis by Holden et al., by 2050, almost half of the world’s 
population will have myopia (spherical equivalent [SE] of ≤-0.50 
diopters [D]) and almost 10% will have high myopia (SE of ≤-5.00 D)(7). 
Myopia is related to genetic risk factors (myopia in parents) and 
environmental factors such as extended time spent on near-vision 
activities (additionally influenced in recent years by increased use of 
technologies such as electronic tablets and smartphones), shorter 
distance from text to the eyes, less time spent outdoors, and living 

in urban areas(6,8-10). Additionally, some researchers have suggested 
that diet may play a role in the increased prevalence of myopia(8,11,12). 

There is little information on the frequency of refractive errors in 
children in Colombia and in Latin America in general, and the quality 
of the information in some of the few published articles is not opti-
mal(13-21). It is striking, however, that one of the studies with an ade-
quate study design carried out in Monterrey, Mexico, in 1999, found 
a high prevalence of myopia in at least one eye (44%) among 1,035 
children aged 12-13 years old(18). Another study performed in the city 
of Nezahualcóyotl (part of the Mexico City Metropolitan Area) in 2001 
also showed a high rate of myopia (33%) in children between 6 and 
15 years of age(19). The aim of the present study was to establish the 
rate of refractive errors in children and adolescents living in an urban 
area (the metropolitan area of Bucaramanga, Colombia), as well as its 
distribution according to different sociodemographic characteristics. 
The analysis included the health services affiliation; the Colombian 
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health system includes the so-called “contributory” and “special” 
schemes. Both public and private companies operate as insurers 
and administrators, and are responsible for hiring health service 
providers. In these schemes, the affiliate (or the company hiring that 
person) makes a monthly direct payment. The third system is called 
the “subsidized scheme,” the aim of which is to provide coverage for 
poor and vulnerable populations; in this scheme, the affiliate does 
not make any payments. A small percentage of the population does 
not have any health affiliation. 

METHODS
Design anD sample characteristics

A secondary analysis of the study population in two descriptive 
cross-sectional studies was conducted. These studies were “Asso-
ciation between cardiorespiratory and muscular capacity with 
metabolic risk factors in Colombian children” (known by its acronym 
in Spanish, ACFIES) and “Determination of the prevalence of myopia 
and its association with environmental influences in Colombian 
urban and rural population” (known by its acronym in Spanish,  
MIOPUR). The information was taken from the databases construc-
ted in those two previous cross-sectional studies, which had similar 
methods of sample selection and data collection. The ACFIES study 
was performed between April and September 2013, and MIOPUR (in 
Bucaramanga) between September 2013 and February 2014. The age 
groups included in the two studies were similar (8 to 17 years old). All 
the participants were living in the metropolitan area of Bucaramanga 
(Colombia).

In Colombia, there is an official national social classification of houses 
and properties by strata, in an attempt to categorize the inhabitants 
of these houses according to their socioeconomic status. The criteria 
include characteristics of the dwelling such as whether or not it has a 
garage, a front yard, a backyard, and also the quality of the neighborhood 
in general. There are six strata: level one is lower-low, two is low, three 
is upper-low, four is medium, five is medium-high, and six is high. 
Children from all six different socioeconomic strata of the city were in-
cluded, and were chosen by non-probabilistic sampling by intention. 
At the time of arriving in each neighborhood, members of the studies’ 
fieldwork team tried to contact the children of the neighborhood by 
various means, to ask them to attend the screening tests. We selected 
a non-probabilistic sampling design in both original studies (ACFIES 
and MIOPUR) because there was no list of the population of children 
in each area; further, these studies were considered as exploratory 
research to find out the magnitude of a problem not previously stu-
died in the population of Bucaramanga, namely, the refractive errors 
among children, in a quick and inexpensive manner. We applied the 
convenience sampling technique because it was the easiest method 
for the time and resources available for the studies.

information collection

A questionnaire was administered to each participant to collect 
demographic and socioeconomic data, including information regar-
ding their health services affiliation (schemes with and without direct 
payment by the user) and the mean monthly household income, 
taking as reference point one minimum legal salary in Colombia 
(about USD201). Data collection was conducted from April 2013 to 
February 2014.

refractive status anD keratometry Determination 
Visual acuity, using a Snellen chart at 6 m, noncycloplegic retinos-

copy (asking the patient to fixate on a target set at a distance of 6 m in 
order to relax the accommodation reflex, i.e., so-called static retinos-
copy), and subjective manifest refraction evaluation were performed 
by optometrists. An autorefractor was not used for the refraction 
evaluation. Keratometry was performed using an auto-keratometer 
(ARK-530A; Nidek, Tokyo, Japan).

ACFIES and MIOPUR were declared minimal risk investigations, 
and were approved by the CEI-FOSCAL Research Ethics Committee. 

inclusion criteria

Children were included in the present study if static retinoscopy, 
manifest refraction, and keratometry could be properly performed 
(i.e., those who did not present with corneal irregularity or media 
opacity to prohibit these tests from being performed) and if their 
corrected VA was better than 20/40. These criteria were decided on 
to ensure that the subjective manifest refraction results were reliable. 
In addition, eyes with a history of ocular surgery or corneal disease 
(including evident keratoconus) were excluded.

refractive errors classification

The refractive status of each eye was classified into four groups 
as follows:
	 •	 Emmetropia:	 SE	 greater	 than	 -0.50	D	 and	 less	 than	+0.50	D,	

provided that the absolute value of the cylinder was less than 
or equal to 0.75 D.

	 •	 Myopia:	SE	less	than	or	equal	to	-0.50	D,	and	sphere	value	less	
than or equal to zero. Therefore, the myopia group included 
those with myopia and simple and compound myopic astig-
matisms (eyes were included in the subgroup of high myopia: 
if they had an SE ≤-6.00 D).

	 •	 Hyperopia:	SE	greater	than	or	equal	to	+0.50	D,	sphere	greater	
than or equal to zero, and an absolute value of the cylinder less 
than or equal to the absolute value of the sphere. This group 
included those with hyperopia and simple and compound 
hyperopic astigmatisms.

	 •	 Mixed	 astigmatism:	 Sphere	 value	 greater	 than	 zero,	 absolute	
value of the cylinder greater than or equal to 1.00 D, and ab-
solute value of the cylinder greater than the absolute value of 
the sphere.

Participants were classified as emmetropes when emmetropia was 
found in both eyes. If at least one eye had ametropia, the participants 
were classified according to the identified refractive error. When both 
eyes differed regarding ametropia, the patient was included in the 
anisometropia group.

statistical analysis

We described the sample using counts, percentages, and 95% 
con fidence intervals (95% CI), with their means and standard devia-
tion (SD), for discrete and continuous variables, respectively. Associa-
tions between independent variables and refractive errors were eva-
luated with the chi-square test for categorical variables and analysis 
of variance (ANOVA) for continuous variables. We used a two-sided 
significance level of 5%, and the analysis was performed using STATA/
IC 11.2 statistical package (StataCorp, College Station, TX, USA). 

RESULTS
The study included 1228 participants, with 616 (50.2%) girls. The 

age range was 8 to 17 years (mean 11.4 ± 2.1 years), and 691 (56.3%) 
were affiliated to a contributory or special health system. Further, 781 
(63.6%) had a mean monthly household income of higher than one 
minimum legal salary for Colombia. 

The rates of refractive errors with respect to sex, age group, 
health affiliation system, and monthly household income are shown 
in table 1. 

The rate of ametropia, taking into account the whole group of 
children from 8 to 17 years old, was 36.7% (95% CI: 34.0-39.4). We 
found statistically significant differences in the frequency of refractive 
errors by sex and age groups, but not by health affiliation system or 
monthly household income. Girls had higher rates of both hyperopic 
and myopic errors. Additionally, the rate of myopic errors increased 
with age, whereas hyperopic errors diminished with age.



Galvis v, e t  a l .

361Arq Bras Oftalmol. 2017;80(6):359-63

Figure 1 shows the rates of refractive errors by age and their 
respective intervals. Hyperopia was the most common refractive 
error until 13 years of age, peaking at 10 years of age, at 31.4% (95% 
CI: 25.4-27.5). Between 14 and 17 years of age, myopia was the most 
common refractive error, with its highest frequency found among 
16-year-olds, at 15% (95% CI: 10.6-39.4) (Figure 1 and Table 1).

The correlation between the SE of the right and left eyes was 
0.887 (p<0.001). Therefore, the SE of the right eye was taken as the 
reference in figure 2, which shows the distribution of the SE in the 
entire study population. Six hundred forty-one (11.4%) eyes had a 
myopic SE (≤-0.50 D), two (0.2%) eyes had high myopia (≤-6.00 D), 
and	276	(22.5%)	eyes	had	a	hyperopic	SE	(≥+0.50	D).

The correlation between the mean keratometry of the right and 
left eyes was r=0.973 (p<0.001). Therefore, the right eyes of the children 
were taken as the reference for the keratometry analysis. When com-
paring the mean keratometries of the four groups (emmetropes, 
myopes, hyperopes and eyes with mixed astigmatism), a statistically 
significant difference was observed between hyperopic and myopic 
eyes after applying Bonferroni correction (p=0.022) (Table 2). 

DISCUSSION
Various transverse and longitudinal studies in schoolchildren have 

shown an increase in the frequency of myopic defects and a corres-
ponding decrease in the rate of hyperopia as age increases(1,5,22-24).  
We observed the same trend in these frequencies in our study.

With	a	cut-off	of	 the	SE	of	+2.00	D	or	higher	 for	significant	hy-
peropia, we found that 1.1% of our sample population had this 
con  dition (in at least one eye), which is similar to the rate found 
in Malaysia(25). In India, a higher frequency of 7.7% was found(23). 
Similarly, in children aged 10-13 years in Saudi Arabia, a higher 
hyperopia rate of 9% was reported, compared to our findings in this 
age group (1.3%)(26). In a group of 12-year-old children of diverse 
ethnic	origin	living	in	Australia,	2.4%	had	hyperopia	of	+2.00	D	or	
more; interestingly, while the rate of this condition was 3.0% in 
Caucasian, the frequency was 0% in Asian children. In 17-year-olds, 
the overall rate was 1.5%: 2.0% in Caucasians and 0.9% in Asians(5). 
The rate of hyperopia in 17-year-olds in our study was 0%. In Chile, in 

1998,	a	7.5%	prevalence	of	+2.00	D	hyperopia	or	greater	was	found	
in children aged 14-15 years(17). In this age group, we found a 0.9% 
rate of this condition. In all those studies reporting on hyperopia, 
the researchers, unlike us, used the cycloplegic refraction method.

In 2000, the prevalence of myopia in children in Taiwan was 
found to be 21% and 61% in 7- and 12-year-olds, respectively(1). More 
recently, in 2015, the prevalence of myopia in Shanghai, China, was 
found to be 16.3%, 49.6%, and 75.5% in 8-, 12-, and 16-year-olds, res-
pectively(24). Lower rates of 9.4% and 29.4% were reported in a study 
performed in the UK among 6-7- and 12-13-year-olds, respectively(27). 
In Malaysia, myopia rates of 13.6% and 23% were reported in 8- and 
12-year-olds, respectively(25). Further, in a group of 12-year-old Aus-
tralian children, the frequency of myopia was reported to be 18.9%; 
however, this frequency differed between Caucasian and Asian 
children, with rates of 8.6% and 52.5%, respectively(5). In our study 
group, the frequency of myopic errors in 12-year-olds was 10.8%. 
A previous study showed a 46% rate of myopic refractive errors in 
10-13-year-olds in Saudi Arabia(26); we found a rate of 10% in the same 
age group. Recently, a prevalence of 80.7% in 16-18-year-olds was re-
ported in Mainland China(3). In a group of 17-year-olds from Australia, 
a prevalence of 30.8% was found; however, the prevalence differed 
between Caucasians and Asians, at 17.7% and 59.1%, respectively(5). 
We found much lower rates in our study population: 25% and 21% in 
16- and 17-year-olds, respectively. A recent report from India found a 
prevalence of 15.3% in 11-15 year-olds(6). In 1998, in Chile, a myopia 
prevalence of 12.5% was found in children aged 14-15 years(17). In our 
study, the rates for these age groups were 9.6% and 16.2% in children 
aged 11-13 and 14-15 years, respectively. 

Two studies in India showed lower rates in rural communities 
than those found by us and those reported in children living in cities. 
For 8-year-olds, these rates were 2.9% in rural areas and 5.7% in urban 
areas; for 12-year-olds, these rates were 4.8% and 9.7%, respecti vely; 
and for 15-year-olds, these rates were 6.7% and 10.8%, respectively(22,23). 
We found rates of 10.5%, 10.8%, and 13.9% in 8-, 12-, and 15-year-olds 
living in urban neighborhoods.

A study performed in 1999 in Mexico showed a high frequency 
of myopia of 44% in a group of 12-13-year-old children(18). In 2009, 
another group of researchers found a prevalence of myopia of 33% in 

Table 1. Frequency of refractive errors by the characteristics of the participants

Characteristics of participants n

Emmetropia Hyperopia Myopia Mixed astigmatism Anisometropia

p value*n % 95% CI n % 95% CI n % 95% CI n % 95% CI n % 95% CI

Total 1,228 777 63.3 60.6-66.0 284 23.1 20.8-25.5 138 11.2 09.5-13.0 21 1.7 -1.0-2.4 8 0.7 -0.2-1.1

Sex <0.026

Boys 611 413 67.6 63.9-71.3 122 20.0 16.8-23.1 062 10.1 07.7-12.5 09 1.5 -0.5-2.4 5 0.8 -0.1-1.5

Girls 617 364 59.0 55.1-62.9 162 26.3 22.8-29.7 076 12.3 09.7-14.9 12 1.9 -0.9-3.0 3 0.5 -0.1-1.0

Age group <0.001

8-10 years 420 262 62.4 57.7-67.0 105 25.0 20.8-29.2 043 10.2 07.3-13.1 08 1.9 -0.6-3.2 2 0.5 -0.2-1.1

11-13 years 623 384 61.6 57.8-65.5 166 26.6 23.2-30.1 060 09.6 07.3-12.0 08 1.3 -0.4-2.2 5 0.8 0.1-1.5

14-15 years 111 080 72.1 63.7-80.5 009 08.1 03.0-13.2 018 16.2 09.3-23.1 03 2.7 -0.3-5.7 1 0.9 -0.9-2.7

16-17 years 074 051 68.9 58.3-79.5 004 5.4 00.2-10.6 017 23.0 13.3-32.6 02 2.7 -1.0-6.4 0 0.0 - - -

Health affiliation system <0.076

Not affiliated or subsidized 485 306 63.1 58.8-67.4 115 23.7 19.9-27.5 049 10.1 07.4-12.8 11 2.3 -0.9-3.6 4 0.8 -0.0-1.6

Contributory or special 626 391 62.5 58.7-66.3 151 24.1 20.8-27.5 075 12.0 09.4-14.5 05 0.8 -0.1-1.5 4 0.6 -0.0-1.3

Unknown 117 080 68.4 59.9-76.9 018 15.4 08.8-22.0 014 11.9 06.1-17.9 05 4.3 -0.6-7.9 0 0.0 - - -

Mean monthly household income <0.002

≤1 minimum salaries 403 255 36.3 58.6-68.0 095 23.6 19.4-27.7 045 11.1 08.1-14.2 04 0.1 -0.0-2.0 4 1.0 -0.0-2.0

>1 minimum salaries 703 440 62.6 59.0-66.2 170 24.2 21.0-27.4 080 11.4 09.0-13.7 09 1.3 -0.4-2.1 4 0.6 -0.0-1.1

Unknown 122 082 67.2 58.8-75.6 19 15.6 09.1-22.0 013 10.7 05.2-16.1 08 6.5 -2.1-11.0 0 0.0 - - -

*= Chi-square test. 
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Figure 1. Frequency of refractive errors by age.

Figure 2. Percentage distribution by spherical equivalent (right eye).

Table 2. Refraction and keratometry according to refractive error (right eyes)

Refraction and keratometry Emmetropia Hyperopia Myopia Mixed astigmatism p value

Spherical equivalent (diopters) Mean 00.02 00.71 0-1.49 0-0.26 <0.001**

SD 00.13 00.58 -01.50 -00.61

Keratometry* (diopters) Mean 43.20 42.95 -43.42 -43.11 <0.015**

SD 01.46 01.43 -01.41 -01.51  

*= this value was obtained from the average of the steepest and flattest corneal meridians of each eye.

**= analysis of variance (ANOVA).

6-15-year-olds also living in Mexico(19). In contrast, the prevalence of 
myopia in a group of children aged 10-15 years in Brazil in 2007 was 
very low, at only 3.4%(20). Additionally, an extremely low frequency of 
myopia of 1.2% was reported in a group of Mennonite schoolchildren 
of European descent in Paraguay(21). However, the authors did not 
clearly indicate the myopic children’s age (they only stated that children 
were aged 5-16 years), and therefore, it is not possible to make specific 
comparisons with our results

Recently, Rudnicka et al. performed a meta-analysis on 143 studies 
from 42 countries, and found that East and Southeast Asian children 
had the highest rates of myopia, reaching 69% in 15-year-olds (a rate of 
86% was found among Chinese children in Singapore at that age). 
Black children in Africa showed the lowest prevalence in 15-year-olds, 
at 5.5%(10). In our group of Colombian children and adolescents living 
in an urban area, the frequency of myopia among 15-year-olds was 
moderate, at 13.9%.

Regarding high myopia (-6.0 D or greater), in 2000, rates of 3.4%, 
13%, and 21% were found in 12-, 15-, and 18-year-olds in Taiwan, 
respectively(1). Further, in young adults aged 19 years in South Korea, 
a rate of 21.6% was reported in 2010(4). In 12-, 15-, and 17-year-olds 
in our study, we found much lower rates of high myopia (0.6%, 0%, 
and 0%, respectively).

There are few studies on the frequency of refractive errors in 
children in Colombia. In 1995, a study of schoolchildren living in an 
urban area (Medellín) showed a refractive error rate of 48% in a group 
of 17,697 children aged 5-14 years. Hyperopia of 0.25 D or greater was 
the most common refractive error (with a prevalence of approxima-
tely 33.2%), followed by astigmatism (13%) and myopia of 0.25 D or 
higher (1.4%). However, different age groups were not analyzed(13). 
A retrospective study analyzed 1502 Individual Provision of Health 
Services Records, known as RIPS (by its acronym in Spanish), collected 
from the files of a health institution in Pereira, Colombia, between 
2006 and 2007. The average age of the patients was 11 years (25-75 
percentile was 9-14 years), with myopia, hyperopia, and astigmatism 
reported in 11.45%, 50.6%, and 26.1% of the records, respectively. 
However, an analysis by age groups was not performed. Additionally, 
these types of records (RIPS) that are filled for statistical information, 
are generally unreliable in terms of the specific type of refractive 
error(14). Another study published in 2003 performed in 5-14-year-old 
schoolchildren in Bogotá, Colombia, showed that 59.2% had hypero-
pia, 28.2% astigmatism, 4% myopia, and 9% emmetropia. However, 
the authors did not specify the cut-off limits that were used to define 
the different refractive errors(15). Additionally, Figueroa et al. did not 
find any cases of myopia in a small group (n=50) of children aged 3-7 
years in Bogotá, Colombia; however, the sample was too small for any 
conclusions to be drawn(16).

Regarding keratometry, myopic eyes have been found to have 
steeper corneas. When comparing 30 emmetropic eyes with 73 
myopic eyes in young adult patients, Carney et al. reported that the 
corneas of emmetropic eyes were flatter than those of myopic eyes, 
and that as the severity of the myopia increased, the cornea became 
steeper(28). AlMahmoud et al. compared 3091 myopic with 284 
hyperopic eyes in adults, and also found that myopic eyes had a 
mean keratometry steeper than hyperopic eyes (44.02 D versus 
43.17 D)(29). We found no studies that analyzed keratometry versus 
refractive error in children. We found similar results in our sample to 
those of the abovementioned studies on adults. In addition, althou-
gh the mean corneal curvature was only slightly steeper in the myopic 
group (43.42 D) than in the hyperopic group (42.95 D), the differences 
were statistically significant. 

In this study, we decided to perform noncycloplegic static reti-
noscopy (the patients were asked to fixate on a distant target in an 
attempt to relax the accommodation reflex), and subjective manifest 
refraction as described by Marsh-Tootle & Frazier(30). However, without 
cycloplegia, it is impossible to assure that the refraction is completely 
“static.” For this reason, cycloplegic refraction is more accurate for 
determining the refractive state of eyes, especially hyperopic eyes. 
On the other hand, cycloplegia is associated with a number of di-
sadvantages, including undesirable side effects, longer testing time, 



Galvis v, e t  a l .

363Arq Bras Oftalmol. 2017;80(6):359-63

discomfort, cost, and inconvenience. In fact, in children 8 years or 
older, some experts prefer static retinoscopy, which involves asking 
the child to fixate on a high-contrast, detailed target presented at a 
specific distance under binocular conditions. An advantage of this 
method is that the accuracy of retinoscopy is improved with smaller 
pupils; further, children in this age group are old enough to cooperate 
during subjective refraction and respond better without a dilated 
pupil. We believed that this static retinoscopy technique would be 
more appropriate for our study in children aged 8 years or older. 
However, it could be considered a weakness of our study. We might 
have overestimated the frequency of myopia and underestimated 
that of hyperopia, and this could have caused some of the differen-
ces found between ours and other studies. In addition, although we 
included children from all the socioeconomic strata (1-6 according to 
the characteristics of the houses in each neighborhood), we did not 
use strict probability-based sampling; thus, we cannot generalize the 
results from our sample to the whole population. Furthermore, bia-
ses in our sample could have occurred because of the convenience 
sampling technique that we used, which could have led to under- or 
overrepresentation of particular groups of refractive errors within 
the sample. However, the information obtained on the frequency 
of refractive errors in this group of 1228 children is a good starting 
point for the possible implementation of public health measures in 
our region and for designing future population studies.

CONCLUSION
In a group of 1228 children and adolescents living in an urban 

area in Northeast Colombia, we found that the frequency of refracti-
ve errors was not influenced by health system affiliation modality or 
household income level. We found higher rates of ametropia in girls 
than in boys. Over the whole age group (8-17 years), 11.2% had myo-
pic errors, 23.1% hyperopic errors, and 1.7% mixed astigmatism. We 
also found that the frequency of myopic refractive errors increased 
with age, and myopic eyes had steeper corneas than hyperopic eyes.
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