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Abstract
● AIM: To assess the proportion of refractive errors in the 
Mexican population that visited primary care optometry 
clinics in fourteen states of Mexico. 
● METHODS: Refractive data from 676 856 patients aged 
6 to 90y were collected from optometry clinics in fourteen 
states of Mexico between 2014 and 2015. The refractive 
errors were classified by the spherical equivalent (SE), 
as follows: sphere+½ cylinder. Myopia (SE>-0.50 D), 
hyperopia (SE>+0.50 D), emmetropia (-0.50≤SE≤+0.50), and 
astigmatism alone (cylinder≥-0.25 D). A negative cylinder 
was selected as a notation.
● RESULTS: The proportion (95% confidence interval) among 
all of the subjects was hyperopia 21.0% (20.9-21.0), 
emmetropia 40.7% (40.5-40.8), myopia 24.8% (24.7-24.9) 
and astigmatism alone 13.5% (13.4-13.5). Myopia was the 
most common refractive error and frequency seemed to 

increase among the young population (10 to 29 years old), 
however, hyperopia increased among the aging population 
(40 to 79 years old), and astigmatism alone showed a 
decreasing trend with age (6 to 90y; from 19.7% to 10.8%). 
There was a relationship between age and all refractive 
errors (approximately 60%, aged 50 and older). The 
proportion of any clinically important refractive error was 
higher in males (61.2%) than in females (58.3%; P<0.0001). 
From fourteen states that collected information, the 
proportion of refractive error showed variability in different 
geographical areas of Mexico.
● CONCLUSION: Myopia is the most common refractive 
error in the population studied. This study provides the 
first data on refractive error in Mexico. Further programs 
and studies must be developed to address the refractive 
errors needs of the Mexican population.
● KEYWORDS: refractive errors; hyperopia; myopia; astigmatism
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INTRODUCTION

R efractive error is recognized as one of the most important 
causes of correctable visual impairment[1-4] and affects 

people of all ages, socio-economic statuses and ethnic 
groups. The World Health Organization (WHO) estimated 
that, globally, 285 million people were visually impaired, 
of whom 39 million were blind. According to the data from 
2010, 80% of visual impairment, including blindness, is 
avoidable (it can be prevented or cured)[5]. Approximately 90% 
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of visually impaired people live in developing countries[6]. 
Vision impairment has been defined based on distance visual 
acuity only. Globally the major causes of visual impairment 
are: uncorrected refractive errors 43% (myopia, hyperopia or 
astigmatism alone), unoperated cataract 33% and glaucoma 
2%[6]. 
Refractive error occurs when there is failure of the eye to 
correctly focus rays of light from an object onto the retinal 
plane. The resultant image perceived by the individual is 
blurred, and refractive correction is required to see clearly. 
Refractive error can be divided into myopia (short or near-
sightedness), hyperopia (long or far-sightedness) and 
astigmatism (irregularly curved cornea)[7]. Refractive errors are 
not preventable but can easily be treated with corrective eye 
glasses, contact lenses or in some cases, corrective surgery. 
Visual impairment from uncorrected refractive errors can have 
immediate and long-term consequences in children and adults, 
such as lost educational and employment opportunities; lost 
economic gain for individuals, families and societies; and 
impaired quality of life[6].
The global magnitude of refractive error is not reliably known, 
as there is great variation in groupings according to age, 
definitions of blindness, and examination methods[5,8-10]. 
However, specific data on refractive error prevalence in 
some countries are not available. For example, data on the 
prevalence of visual impairment in Mexico are lacking[11-15], as 
a national survey of blindness and visual impairment has not 
yet been conducted. For this reason, this study was conducted 
to determine the proportion of visual impairment attributable to 
refractive error in people from fourteen states of Mexico who 
attended at the optometry clinics of Salud Digna Para Todos, 
I.A.P. between 2014 and 2015. The outcome, following an 
assessment of the visual status of the population, could provide 
reliable information on the refractive error proportion in 
Mexico. To our knowledge, this is the first report of refractive 
error in a Mexican population in several settings.
SUBJECTS AND METHODS
Design  A cross-sectional study was conducted in patients who 
visited the Clinic of Salud Digna Para Todos, I.A.P (in fourteen 
states of Mexico), which offers laboratory services, X-ray and 
eye care services (visual examination services and spectacles). 
Patients who came for any laboratory service or visual 
examination were invited to participate in this study between 
2014 and 2015. The selection of individuals was conducted 
using a non-probability sampling[16] with information on the 
refraction studies: a total of 676 856 subjects were selected 
and ranged in age from 6 to 90y of both genders. Each patient 
obtained and completed a consent and use of information 
authorization form during the registration process. Ethical 
approval was obtained from the Ethics Committee of the 
School of Medicine, Autonomous University of Sinaloa.

Refractive Error Criteria  The refractive assessment was 
based on objective and subjective refraction with visual acuity 
assessment using a AKR700 autorefractor and APH 500 
phoropter (Essilor Instruments, USA), respectively, according 
the manual of the National health and nutrition examination 
survey-CDC[17]. The target viewed by the subjects was 
initially an out of focus 20/40 line of letters, followed by a star 
pattern that is blurred during readings by the autorefractor. 
The last image viewed by the subject is a 20/40 line of letters 
that appears again at the end of the measurements[18]. The 
refractive errors were classified by the spherical equivalent 
(SE): sphere+½ cylinder. Myopia was classified as a spherical 
equivalent >-0.50 D, hyperopia as a spherical equivalent 
>+0.50 D, and emmetropia as a spherical equivalent between 
-0.50 and +0.50. Astigmatism alone was equal to or higher 
than 0.25 D in minus cylinder form[19]. All of the refractive 
errors were obtained at the time of the visitusing a APH 500 
phoropter (Essilor Instruments, USA) with a range from 
-20.00 D to +20.00 D and cylinder range -0.25 to -6.00 D. 
Because the refractiveerror between the right and left eye 
was similar (r=0.87; P>0.05), the right eye was selected for 
analysis. When necessary, patients with latent hyperopia were 
referred for consultation with or treatment by another health 
care provider or ophthalmologist. Patients with a documented 
history of cataract extraction (pseudophakiaora phakia), 
refractive surgery or other corneal/ocular surgery, amblyopia 
or any ocular disease were excluded from thestudy. 
Statistical Analysis  Descriptive statistics was used for data 
analysis. The proportion data are presented in tables, adopting 
95% confidence intervals (CI) and P-values (significant at the 
P<0.05 level). Proportion differences between age groups and 
gender were analyzed using the Chi-square test. The statistical 
analysis program SPSS V20 (SPSS Inc, Chicago, IL, USA) 
was used to perform the calculations.
RESULTS
Proportion of Refractive Errors by Age and Sex  The sample 
distribution by age and sex is shown in Table 1. The distribution 
of refractive errors among the total population (from 6 to 
90 years old) revealed that 24.8% (95% CI, 24.7-24.9) had 
myopia, 21.0% (95%CI, 20.9-21.0) had hyperopia and 13.5% 
(95% CI, 13.4-13.5) had astigmatism alone. The proportion of 
emmetropia among the total population was 40.7% (95% CI, 
40.5-40.8). Figure 1 shows the distribution of refractive errors 
(myopia, hyperopia and astigmatism alone) by age group. 
With increasing age, there was an increase in the proportion 
of hyperopia. Myopia decreases during aging with a small 
increase at 70. The proportion of astigmatism alone showed a 
significant decreasing trend with age (6 to 90y; from 19.7% to 
10.8%) (P<0.0001). The drop in the proportion of astigmatism 
alone was most pronounced in ages from 60-69y (8.8%). The 
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proportion of any clinically important refractive error (myopia, 
hyperopia, and astigmatism alone) was higher for those 
between the ages of 60-69 (64.9%) and 50-59 (63.5%) than 
between the ages of 6-9y (48.5%; P<0.0001) (Table 1).
The proportion of myopia was more common in males 
(27.5%) than females (23.4%) (P<0.0001, Table 1). Hyperopia 
was more frequent in females (21.9%) than males (19.3%; 
P<0.0001). Astigmatism alone was more frequent in males 
(14.4%) than females (13.0%) (P<0.0001). Emmetropia 
was more frequent in females (41.7%) than males (38.8%) 
(P<0.0001, Table 1). In general, the proportion of any clinically 
important refractive error was higher in males (61.2%) than in 
females (58.3%; P<0.0001).
Proportion of Refractive Error in Different Geographical 
Areas of the Country  Myopia was most prevalent in 
Aguascalientes (42.5%), Mexico city (36.0%) and Puebla state 
(35.6%), compared with Sinaloa (18.6%), Nayarit (18.7%) 
and Sonora state (20.6%) (Table 2, Figure 2). The proportion 
of hyperopia was higher for Sinaloa (29.2%), Sonora (26.9%) 
and Nayarit state (26.4%) than for Mexico state (8.8%), 
Guanajuato (10.9%) and Puebla (13.5%). The proportion of 
astigmatism alone varied little by state. However, astigmatism 
alone was more prevalent in Aguascalientes (20.4%), Puebla 
(18.9%) and Queretaro state (18.6%) than in Sinaloa (11.0%), 
Nayarit (11.7%) and Coahuila state (12.3%). Emmetropia 
was most prevalent in Guanajuato (47.6%), Jalisco (47.4%) and 
Michoacan state (46.8%), compared with Aguascalientes (22.5%), 
Mexico city (30.8%) and Puebla states (32.0%).The proportion 
of any clinically important refractive error was highest for 
Aguascalientes (77.5%), Mexico city (69.2%) and Puebla 
states (68.0%), and it was lowest for Guanajuato (52.4%), 
Jalisco (52.6%) and Michoacan state (53.2%). The proportion 

of refractive error presented here (Table 2, Figure 2) shows 
variability among the proportions of emmetropia, myopia, 
hyperopia and astigmatism in different geographical areas of 
the country.
DISCUSSION
Refractive errors are the most common cause of visual impairment 
worldwide, and their proportions are known to vary among 
societies with these differences being partly attributable to the 
genetic background and partly to environmental factors[20]. 
Recently, numerous studies have examined the prevalence 
of different refractive errors in wide-ranging countries and 
societies, in relation to age, educational variables, or ethnic 
groups[6-7,10,21-25]. We determined the proportion of refractive 
conditions in the Mexican population that visited primary care 

Table 1 Proportion of refractive errors in the population of Mexico by age and sex                                                          % (95% CI)

Parameters n Emmetropia Myopia Hyperopia Astigmatism alone

Age
6-9 29710 51.5 (50.9-52.1) 19.5 (19.0-19.9) 9.3 (8.9-9.6) 19.7 (19.2-20.1)

10-19 106602 39.6 (39.3-39.9) 40.9 (40.6-41.2) 3.7 (3.6-3.8) 15.7 (15.5-15.9)

20-29 99509 38.5 (38.2-38.8) 43.4 (43.1-43.7) 2.1 (1.9-2.1) 16.0 (15.8-16.2)

30-39 79384 44.3 (44.0-44.6) 33.4 (33.1-33.7) 6.8 (6.6-7.0) 15.4 (15.1-15.6)

40-49 112129 45.7 (45.3-45.9) 19.6 (19.4-19.8) 20.5 (20.2-20.6) 14.3 (14.0-14.4)

50-59 123598 36.5 (36.2-36.7) 10.7 (10.6-10.9) 42.3 (42.0-42.5) 10.4 (10.2-10.5)

60-69 79940 35.1 (34.7-35.4) 8.9 (8.7-9.1) 47.2 (46.8-47.5) 8.8 (8.6-9.0)

70-79 36148 41.5 (41.0-42.0) 13.3 (13.0-13.7) 35.3 (34.8-35.8) 9.8 (9.4-10.0)

80-90 9836 50.5 (49.5-51.4) 16.3 (15.6-17.0) 22.3 (21.5-23.1) 10.8 (10.2-11.4)

Gender

F 444953 41.7 (41.5-41.8) 23.4 (23.1-23.5) 21.9 (21.7-22.0) 13.0 (12.9-13.1)

M 231903 38.8 (38.6-39.0) 27.5 (27.3-27.6) 19.3 (19.0-19.4) 14.4 (14.2-14.5)
Total 676856 40.7 (40.5-40.8) 24.8 (24.7-24.9) 21.0 (20.9-21.0) 13.5 (13.4-13.5)

Myopia (≤-0.75 D), hyperopia (≥+1 D) and astigmatism alone (≥-0.25 D).

Figure 1 Proportion of refractive error by age groups  Frequency of 
hyperopia increases with aging, with a small decrease at approximately 
70 years of age. Myopia decreases during aging, with a small increase 
at 70 years of age.
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optometry clinics in fourteen states of Mexico. Refractive 
errors are common conditions affecting the ocular health of the 
Mexican population, involving children, young adults, middle-
aged persons, and older adults of all ethnicities and from 
different regions of Mexico. For our study, a total of 676 856 
subjects were selected, and they ranged in age from 6 to 90y. 

We found that the proportion of refractive error presented here 
showed variability in different geographical areas of Mexico. 
Myopia was the most common refractive error, and the 
proportion seemed to increase among the younger population 
(10 to 29 years old), but hyperopia increased among the aging 
population (40 to 79 years old). 

Table 2 Proportion of refractive error in different geographical areas of the country                                                       % (95% CI)

State n Emmetropia Myopia Hyperopia Astigmatism alone

Sinaloa 148914 41.3 (41.0-41.5) 18.6 (18.3-18.7) 29.2 (28.9-29.4) 11.0 (10.8-11.1)

Baja California 133133 37.2 (36.9-37.4) 26.8 (26.5-27.0) 21.7 (21.5-21.9) 14.3 (14.0-14.4)

Jalisco 83142 47.4 (47.1-47.7) 21.2 (20.8-21.4) 18.0 (17.7-18.2) 13.4 (13.1-13.6)

Sonora 74598 40.1 (39.7-40.4) 20.6 (20.3-20.9) 26.9 (26.5-27.2) 12.4 (12.1-12.6)

Guanajuato 58162 47.6 (47.1-47.9) 28.5 (28.1-28.8) 10.9 (10.6-11.1) 13.1 (12.8-13.3)

Mexico city 41747 30.8 (30.3-31.2) 36.0 (35.5-36.4) 15.8 (15.4-16.1) 17.4 (17.0-17.7)

Coahuila 34017 45.4 (44.8-45.9) 26.4 (25.9-26.9) 15.8 (15.4-16.2) 12.3 (11.9-12.6)

Mexico state 26225 44.4 (43.8-45.0) 31.0 (30.4-31.5) 8.8 (8.4-9.1) 15.7 (15.3-16.1)

Nayarit 24343 43.2 (42.5-43.8) 18.7 (18.2-19.2) 26.4 (25.8-26.9) 11.7 (11.2-12.0)

Aguascalientes 18762 22.5 (21.9-23.0) 42.5 (41.7-43.1) 14.6 (14.1-15.1) 20.4 (19.8-21.0)

Queretaro 13531 33.7 (32.8-34.4) 32.8 (32.0-33.6) 14.9 (14.3-15.5) 18.6 (17.9-19.2)

Durango 8868 45.7 (44.6-46.7) 26.1 (25.1-27.0) 15.2 (14.4-15.9) 13.0 (12.2-13.6)

Puebla 8127 32.0 (30.9-32.9) 35.6 (34.5-36.6) 13.5 (12.8-14.2) 18.9 (18.0-19.7)

Michoacan 3287 46.8 (45.1-48.5) 23.7 (22.2-25.1) 14.5 (13.3-15.7) 15.0 (13.7-16.2)

Total 676856 40.7 (40.5-40.8) 24.8 (24.7-24.9) 21.0 (20.9-21.0) 13.5 (13.4-13.5)

Figure 2 The proportion of refractive error in different states of Mexico from 2014-2015  Pie charts summarize the per-state average 
proportions of refractive errors. The national average of refractive errors was 24.8% for myopia (red color), 40.7% for emmetropia (gray color), 
21% for hyperopia (green color) and 13.5% for astigmatism alone (blue color). SON: Sonora; SIN: Sinaloa; NAY: Nayarit; AGS: Aguascalientes; 
JAL: Jalisco; GTO: Guanajuato; MICH: Michoacan; MEX: Mexico state; B.C.: Baja California; DGO: Durango; COAH: Coahuila; CDMX: 
Mexico city; QRO: Queretaro; PUE: Puebla. Astigmatism and myopia were more prevalent in AGS, and hyperopia was higher for SIN.
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There are only a few publications regarding the proportion of 
refractive errors in Mexico. For example, the first study on 
the prevalence of refractive errors was presented by Ramos[14] 
as early as 1890, although he did not state his definition of 
myopia or other refractive errors. Baz Iglesias et al[11] reported 
the prevalence of refractive errors among a selected Mexican 
population visiting an optician in the 80’s, and Espinosa[26] 
analyzed a sample of college students for refractive errors. 
However, no author reported data necessary to compareto 
the current prevalence. Villarreal et al[15] in 2003 reported 
the prevalence of refractive errors, mainly myopia (44%), 
hyperopia (6%) and astigmatism (9.5%), among a total of 
1035 schoolchildren from 12 to 13 years old in a metropolitan 
setting in Monterrey, Mexico. We detected similar data in 
this study from 10 to 19-year-old regarding myopia (40.9%), 
hyperopia (3.7%) and astigmatism (15.7%).
It is well known that both refractive errors and spherical and 
astigmatic errors change with age after maturity in males and 
females. A decrease in myopia and an increase in hyperopia 
with increasing age are commonly reported[19,23,27-29]. In this 
study, with increasing age, there is an increase in the proportion 
of hyperopia and myopia decreases during aging with a small 
increase at 70. The peak proportion of myopia was identified 
in the 20-29 age-group. In older individuals, the proportion of 
myopia was lower in those 60-69 years old. This may reflect 
the rising proportion of myopia in younger generations, or 
the known hyperopic shift in aging[23,30]. Astigmatism rates 
were fairly constant (8.8%-19.7%) across cross-sectional 
age categories but were lower after the age of 60, across all 
age groups. We identified moderately more astigmatism in 
men (for example 13.0% in women and 14.4% in men). This 
finding contrasts with other studies, where persons 60y or older 
were less likely to have astigmatism than younger persons[31]. 
Data from a Brazilian population showed that the main 
refractive error was astigmatism (59.7%), followed by 
hyperopia (33.8%) and myopia (25.3%)[27]. Similarly, Korean[32] 
and Puerto Rican[19] populations identified astigmatism as the 
main refractive error in those populations (63.7% and 69.6%), 
followed by hyperopia (41.8% and 51.5%) and myopia (20.5% 
and 14.7%), respectively. In contrast, we report myopia as the 
main refractive error in our population (24.8%), followed by 
hyperopia (21.0%) and astigmatism (13.5%).
In the present report, we identified that the proportion of 
any clinically important refractive error was higher for those 
between the ages of 50-59 (63.5%) and 60-69 (64.9%) than 
between the ages of 6-9 (48.5%). This finding has been 
observed in other studies[33-34]. Approximately 65% of all people 
who are visually impaired are aged 50 and older while this age 
group comprises approximately 20% of the world's population. 
With an increasing elderly population in many countries, more 

people will be at risk of visual impairment due to chronic eye 
diseases and ageing processes. The number of children below 
age 15 that are visually impaired is estimated to be 19 million. 
Of these, 12 million children are visually impaired due to 
refractive errors, a condition that could be easily diagnosed and 
corrected[6]. The association of gender with refractive errors 
has not been well established. Some studies have reported that 
the prevalence of myopia is higher in men than in women[35-36]. 
In other studies, however, this trend was not observed[31,37-38]. 
In this study, clinically important refractive errors were more 
common in males than in females. The underlying cause of 
this gender variation should be explored further. In our sample 
of 676 856 subjects from fourteen States, we found that the 
refractive error proportion in Aguascalientes state was higher 
than the proportion in other states. The underlying cause of this 
geographic variation should be explored further (prevalence, 
distribution and demographic associations).
The World Health Organization’s Global Action Plan for 2014 
to 2019 has identified human resources for refractive error as 
a priority to reduce avoidable blindness globally[5,21]. Current 
challenges include the uneven distribution of refraction 
training institutions and a lack of standardization, which makes 
it difficult to maintain the quality of services. In Mexico, 
for example, competing eye health priorities also mean 
that providers of the health care system sometimes neglect 
refractive error services. In Mexico, it is necessary to provide 
refractive services at all levels of the health care system, 
especially at the primary level, where services are provided in 
the community. 
The limitations of the current study included that the selection 
of individuals was conducted using non-probability sampling 
and the lack of a cycloplegic examination. Thus, despite 
possible limitations, a large national sample of patientswho 
came for any laboratory service or visual examination from 
fourteen states (676 856 people with 40.6% emmetropia) was 
used for the examination of refractive errors, which ensures 
some representation of our population. Furthermore, the 
overall prevalence of visual impairment due to uncorrected 
refractive error in adults and children has not been previously 
studied in Mexico. To our knowledge, this is the first report 
of refractive error in the Mexican population from several 
settings. The major strengths of our study are the large sample 
size, which contributed to the proportion estimates, and that all 
of the participants had the same eye examinations, providing 
a unique opportunity to estimate the burden of refractive 
error in younger, middle and older aged individuals across 
Mexico. There are inherent differences in the included studies 
in terms of the study design, refraction technique and cohort 
sampling, together with inter-region differences at the levels 
of urbanization, economy, education and climate, which may 
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influence refractive error. Such information is crucial for 
resource allocation, planning, and the development of health 
and educational policy interventions to ameliorate the burden 
of visual impairment in the population.
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