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Introduction

According to World Health Organization (WHO) 
report in 2004, refractive errors are the second leading 
cause of Years Lost due to Disability (YLD) in low- and 
middle-income countries (1). There have been numerous 
population surveys all over the world in the last 20 years 
(2-22), showing the prevalence of refractive errors in adults. 
However, only one population-based study of refractive 

error is currently available in Argentina (23). As refractive 
errors are among the most frequent reasons for demand of 
eye-care services, prevalence data are important for public 
health care planning, in order to improve vision-specific 
quality of life. The paper by Barrenechea et al. showed that 
the prevalence of severe visual impairment and blindness in 
subjects older than 50 years old in Argentina was 2.5% and 
uncorrected refractive errors were the main cause of visual 
impairment. 
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The country’s last census [2010] showed that Argentina 
had a population of 40,117,096 inhabitants (51.3% females) 
and 35.25% were older than 40 (54% females). The literacy 
rate in older than 10 years old was 98%. Ninety two [92] 
percentage of the population lived in urban areas.

Villa Maria City, in the province of Córdoba, Argentina 
is located in the southeast of the province and has 93,819 
inhabitants according to the 2008 Provincial Census 
(INDEC). It is an urban area, located in the central rural 
areas of the Argentinian plains, which represent about 60% 
to 70% of the entire country. It was chosen to perform 
this study since is representative of the rest of the country 
regarding exhibiting an important economic development 
that preclude emigration and has a high percentage of 
population older than 45 years. In this study, we report 
the prevalence of cycloplegic refractive errors in the adult 
population aged ≥40 years of Villa Maria, Argentina.

Methods

The study was developed in Villa Maria City, in the 
province of Córdoba, Argentina from May 2008 to 
November 2009. A simplified general method for cluster-
sample size surveys of health in developing countries 
(probability proportion to size, PPS) was used (24). The 
sample size was calculated from the size of the population 
for a confidence interval of 5% to obtain a confidence level 
of 95% (24,25). Eleven districts were randomly selected 
from Villa Maria City. Two stage cluster design were used. 
First stage sampling was fractions selection. All the fractions 
available were used (5 fractions). On the second stage 
two districts inside each fraction were randomly selected. 
We also added one district from Villa Nueva. These 
randomized districts were selected by censal-ratio methods, 
defined according to the concentration of the Villa Maria 
population given by the 2001 Provincial Census. Household 
were randomly selected (Kish Grid) from each ratio and all 
the adults >40 years of age were targeted. A local University 
helped in promoting the study. 

The tenets of the Declaration of Helsinki were followed 
and the study was approved by the Institutional Ethics 
Committee Oulton-Romagosa Joint Committee on 
Clinical Investigation (C.I.E.I.S. Oulton Romagosa). All 
concerned volunteers were briefly informed about the 
scope and purpose of the study. Subjects were ensured 
strict confidentiality, and then informed consent was taken 
from each of the participants before procedure. Skilled 
interviewers approached 40+ year-old members of the 

targeted households, who explained the characteristics 
of the study, completed the preliminary data forms and 
performed a demographic interview at the household. 
This interview included information about education 
achievement and family income. Then the subjects were 
invited to have a complete eye examination at peripherals 
centers (11 state outpatient clinics). This last exam day was 
scheduled on Saturdays to avoid losing subjects due to work 
responsibilities. Only subjects aged 40+, who had good 
cooperation for the eye examination were included in the 
analysis.

A team of 13 trained ophthalmologists of the Centro 
Privado de Ojos Romagosa (Fundación VER) performed 
the eye examinations at the peripheral center scheduled for 
that visit. The tasks were distributed according to the field 
of expertise of each trained doctors (glaucoma specialist, 
retinal specialist, etc.). Visual acuity was obtained with an 
ETDRS chart (Sloan Letter Folding Eye Chart 10 ft/3 m, 
Good Lite Company, USA) for each eye at a distance of  
3 m. After tonometry, two drops of a commercially available 
combination of 5% phenylephrine +0.5% tropicamide 
(Fotorretin, Poen Laboratories, Argentina) were instilled  
5 minutes apart, and after 30 minutes rest, with the 
objective of obtaining a rapid, persistent and maximum 
possible dilatation for the fundus examination. Auto 
refraction was performed in both eyes with a Canon 
R-10 auto refractor (Canon, USA). The mean of five 
measurements was registered. The eye examination was 
then completed with biomicroscopy of the cornea and 
lens, applanation tonometry and fundus examination. Lens 
opacity was graded using the Lens Opacities Classification 
System II (LOCS II) (26). The spherical equivalent was 
calculated based on the mean auto refraction outcome, 
adding half of the cylinder value to the recorded sphere. 
Myopia was defined as a spherical equivalent more negative 
than −0.50 diopters (D) and hyperopia was defined as a 
spherical equivalent greater than +0.50 D. Anisometropia 
was defined as a difference of more than 1 D in spherical 
equivalent between both eyes. Four age groups were 
defined with intervals of 10 years. For those with 
astigmatism greater than 1 D, the axis of the astigmatism 
was classified to be with-the-rule when the minus cylinder 
was at the 0º±15º, and to be against-the-rule when the 
minus cylinder was at the 90º±15º. Other astigmatisms 
were registered as oblique.

The significance of the differences in percentages of 
prevalence was obtained with chi square test. One-way 
ANOVA was used to compare means of spherical equivalent 
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by age groups. In addition to descriptive analyses, odds 
ratios (OR) with 95% confidence interval (95% CI) were 
calculated with univariate logistic regression analysis. 
Univariate logistic regression models were performed 
with myopic, hyperopic and astigmatic refractive error 
as dichotomous dependent variables, adding age, sex, 
nuclear cataract, education, and annual family income as 
the independent variables. All P values less than 0.05 were 
considered statistically significant. Data analyses were 
performed with statistical software (SPSS version 15.0, 
SPSS Inc., Chicago, IL, USA).

Results

There were 1,192 eligible participants from Villa Maria. 
Three hundred eighteen subjects (26.7%) cooperated 
only for the household interview and did not attend the 
eye examination. Therefore, only 874 subjects reached 
the health centers for the exam. Nevertheless refractive 
examinations were performed just in 646 subjects (total 
sample size of the study) for the following reasons: refusal 
to dilate (190 subjects, 15.9%), wearing contact lenses 
(7 subjects, 0.6%) or pseudophakic status at the time of 
examination (31 subjects, 2.6%). Thus, response rate for 
those that had refractive exam was 73.9%, who represented 
54.2% of the original eligible individuals. Participants 
who only cooperated for the interview were more likely 
to be older (mean age: 70.3 years old), reported lower 
income (66.7% less than 377 US dollars), and had fewer 
years of formal education (90.4% less than 12 years of 
study). On the other hand, participants who had the eye 
examination but incomplete refractive error data had similar 
characteristics except that they were more likely to be males 
(54.5% males).

The study population consisted of 646 subjects with 
complete cycloplegic refraction data. The sample included 
patients over the age of 40 up to 90, with a mean age of 
59.6±10.3 years old. Seventy-one point five percent (71.5%) 

were females. The level of education of the studied subjects 
was low, having 28.3% of them incomplete primary school 
and only 5.2% reaching a university level of more than 
12 years of study. Only 28% had a family income that 
reached more than 377 US dollars per month (Table 1).

The spherical equivalent was very similar and highly 
correlated for both eyes (r=0.81, P<0.001) so only data of 
the right eyes are presented. The mean spherical equivalent 
was +0.719±2.41 D (range, −22.00 to +8.25 D, kurtosis 
21.16, skewness −3.38) and its distribution is shown in 
Figure 1.

In our sample, hyperopia (greater than +0.50 D) was 
the most common condition at all ages, with a mean 
of 61.6% (95% CI, 57.8–65.4), compared with 24.9 % 
for emmetropia and only 13.5% for myopia (95% CI, 
10.9–16.1). There were significant differences between the 
distributions of refractive errors according to age (Table 2). 
Although the most frequent refractive error was hyperopia 
greater than +0.50 D, emmetropes were more prevalent in 
the youngest age group (40 to 49 years old) while hyperopia 
was more prevalent in older subjects (Table 2, P<0.001). 
The mean spherical equivalent was similar for both genders 
(+0.896 D for men and +0.649 D for women, P=0.24, 
Student t-test). The spherical equivalent was also lower 
in the younger group (Figure 2). When this analysis was 
stratified by gender, it was clear that the tendency for more 
hyperopic refractive error with age was more prevalent in 
women (Figure 3 and Table 2). 

The general prevalence of myopia was lower in men 

Table 1 Monthly income in Villa Maria

Monthly income %

Less than 125 US dollars 12%

125 to 250 US dollars 32%

250 to 376.6 US dollars 28%

377 US dollars or more 28%

−10.00              −5.00               0.00                5.00

Spherical equivalent OD
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Figure 1 Leptokurtic distribution of right eyes spherical equivalent. 
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(9.8% vs. 14.9%) but this difference was not statistically 
significant (chi2 =3.03, P=0.202). The prevalence of high 
myopia, defined as a spherical equivalent over −6 D, 
was 2.0% (95% CI, 0.9–3.1). Myopes showed a similar 
distribution in all age groups. Accordingly, the mean 
spherical equivalent changed with age, with participants 
becoming more hyperopic after age 60 (Figures 2,3, 
P<0.001). There were no significant differences in myopia 
prevalence according to tertiles of years of study in this 
population (Table 3).

There were 141 subjects (21.8%, 95% CI, 18.6–25.0) 

with anisometropia greater than 1 D. The power of the 
cylinder was on average −0.869±0.91 D (range, 0 to −6.50 D). 
There were 168 subjects (26, 0%, 95% CI, 22.6–29.4) with 
astigmatism greater than 1 D and 60 subjects (9.3%, 95% 
CI, 7.0–11.5) with astigmatism greater than 2 D and only 22 
subjects (3.4%, 95% CI, 2.0–4.8) with astigmatism greater 
than 3 D. The prevalence of with-the-rule astigmatism was 
53.6%, against-the-rule 25.6% and oblique 20.8%. The axis 
of the astigmatism changed with age, being more frequently 
with-the-rule in younger subjects and against-the-rule in 
older subjects (Table 4, chi square: 15.94, P<0.001). 

Univariate logistic regression analyses were performed 
for the different refractive error groups: for myopic 
refractive error the univariate logistic regression analysis 
showed that independent variables such as age, sex, 
nuclear opacity, years of schooling and family income were 
individually not significantly associated with this refractive 
error. On the other hand, when hyperopic refractive error 
was considered as the dependent variable, patients with 
mild lens opacities were significantly more likely of being 
hyperopic than those with advanced opacity (OR =2.702; 
95% CI, 1.135–6.433; P=0.025), and this was the only 
independent variable associated with this refractive error. 
As regard astigmatism, younger were also more likely to 
have astigmatism than older (OR =1.040; 95% CI, 1.022–
1.058; P=0.001). Compared with advanced opacity, patients 
with clear lens or mild lens opacities were significantly 
more likely of being astigmatic (OR =0.225; 95% CI, 
0.093–0.548; P=0.001 and OR =0.377; 95% CI, 0.158-0.900; 
P=0.028 respectively). Sex, income and education were non-

Table 2 Prevalence of refractive error according to age groups, stratified by gender

Age groups 40–49 (%) 50–59 (%) 60–69 (%) >70 (%) All ages (%)

Males (n) 31 55 63 35 184

Myopia <−0.50 D 6.5 10.9 7.9 14.3 9.8

Emmetropia (−0.50 to +0.50 D) 38.7 21.8 25.4 28.6 27.2

Hyperopia >+0.50 D 54.8 67.3 66.7 57.1 63.0

Total 100 100 100 100 100

Females (n) 92 158 127 85 462

Myopia <−0.50 D 16.3 17.1 9.4 17.6 14.9

Emmetropia (−0.50 to +0.50 D) 30.4 32.3 15.7 14.1 24.0

Hyperopia >+0.50 D 53.3 50.6 74.8 68.2 61.0

Total 100 100 100 100 100
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Figure 2 Means and 95% confidence interval (95% CI) of the 
right eyes spherical equivalent according to age groups.
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significant variables for astigmatism.

Discussion

The Villa Maria Eye Study is a population-based, cross-
sectional study of prevalence of refractive errors in the 
adult population aged ≥40 years of Villa Maria, Argentina. 
Refractive errors are the principal cause of ocular disease 
around the world. Moreover, according to the paper by 

Barrenechea et al., in Argentina refractive errors are the first 
and second causes of moderate and severe visual impairment 
respectively (23).

This study reports the prevalence of refractive errors 
based on cycloplegic auto refraction. This method is not 
frequently used in refractive errors studies that include 
adults older than 40 years old, which are generally performed 
with non-cycloplegic auto refraction. Nevertheless, it has 
been reported that pharmacologic cycloplegia is required 

Figure 3 Means and 95% confidence interval (95% CI) of right eyes spherical equivalent according to gender.
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Table 3 Education by age groups and prevalence of myopia (n=516)

Age groups 40–49 (%) 50–59 (%) 60–69 (%) >70 (%) All ages (%) Myopia prevalence (%)

Less than 6 years of education 13.6 28.1 28.4 42.1 28.3 13.0

From 6 to 12 years of education 79.5 63.5 69.7 54.7 66.5 12.2

From 13 to 18 years of education 6.8 8.4 1.9 3.2 5.2 14.8

Table 4 Percentage of the different types of astigmatism with age

Age groups 40–49 (%) 50–59 (%) 60–69 (%) >70 (%) All ages

n 54 110 95 80 339

Against the rule 5.6 20.9 26.3 33.8 23.0

Oblique 57.4 54.5 56.8 58.8 56.6

With the rule 37.0 24.5 16.8 7.5 20.4

Total 100 100 100 100 100
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for epidemiological studies of refractive errors up to at 
least the age of 50 (27). In studies without cycloplegia, 
hyperopic subjects with borderline refractive error status 
could perhaps conceal hyperopia because of the remaining 
accommodation still present above 40 years.

With this cycloplegic approach, we found that hyperopia 
was the most common condition at all ages. The spherical 
equivalent was also noted to be lower in the younger group 
(Figure 2) and hyperopia was more frequent than myopia 
in this sample (61.6 % versus 13.5%, respectively). It is 
noteworthy that we choose OD to calculated prevalence 
in contrast to other studies as the Latino eye study (19) 
or the Andhra Pradesh study (5) that used the worse eye 
method to calculate prevalence, however we found only 
small differences between both methods. If we have used 
the worse eye method with the same cut point for myopia 
the prevalence would rise only to 16.5%. The analysis split 
by gender showed that this increment in hyperopia with age 
was more noticeable in women, although also present in 
men to a lower extent (Table 2).

This cycloplegic prevalence of hyperopia was found 
to increase from age 40 to 69, thus confirming previous 
findings of a larger cycloplegic population study (27,28). 
Moreover, the mentioned Tehran Eye Study showed that 
the prevalence of cycloplegic hyperopia increased from 
ages 25 to 70 (15). This is probably related to an age-
related loss of lens power, as corneal power and axial length 
seem to be stable at those ages (28). A recent prospective 
population study with biometry and lens power calculation 
has confirmed that loss of lens power is the main cause of 
these age related hyperopic shifts and that this phenomenon 
is greater in magnitude in women (29). 

The myopia prevalence found in this study was very low. 
Table 5 shows the prevalence of myopia with a −0.50 D cut 
point in the principal population-based studies performed 
in the last 20 years. The graph shows that Villa Maria 
has the lowest prevalence of myopia, along with locations 
such as Barbados, Mongolia, India, Bangladesh, and the 
American Latino population. On the other hand, the 
prevalence of myopia in the same age group reaches 40–
50% in well-developed populations, like those of Singapore 
or American Caucasians from the NHANES, Baltimore or 
Beaver Dam studies. Moreover, the prevalence of myopia 
reaches 70–80% in younger generations of Indians, Malays 
and Chinese in Singapore (30,31). However, one recently 
published study suggests that in rural China the prevalence 
of myopia can be as low as the percentage found by us in 
Villa Maria (32,33).

The present study compares well with the Latino Eye 
Study (19), which reported the prevalence of myopia in a 
Mexican Hispanic population. For the age range 40–50, 
with a similar cut-off point of −0.50 D, that study reports 
19.6% myopia for men and 22.3% for women. In that 
population, 36% (901/2,472) of males had more than 
12 years of education, so their academic achievement was 
somehow higher than that of Villa Maria subjects and this 
could be the cause of higher myopia prevalence in US 
Latinos.

The prevalence in both studies is low compared to that 
of East Asian urban environments (30), in which subjects 
have very high academic achievement and low outdoor 
exposure. The prevalence of high myopia (cut-off point 
of −5 D) was very low in both Hispanic studies (2.4% for 
Latino Eye Study and 2.17% for the present one). This 
prevalence of high myopia in low academic environments 
with high outdoor exposure probably represents the cases 
with genetic background for myopia. The Latino Eye Study 
has not presented data of spherical equivalent or hyperopia 
prevalence so studies cannot be compared in that sense. 
It is noteworthy that according to recent genetic analysis 
in Argentineans, 78.9% of the mean ancestry components 
come from European descent, 15.8% from Amerindian and 
only 4.15% from African descent (34). A recent publication 
from the European Eye Epidemiology Consortium with a 
similar population, when compared to our study, showed 
that the prevalence of myopia with a cut point of −0.75 D 
was 40.2% in subjects aged 40–44. This higher prevalence 
of myopia may be possibly due to the different academic 
achievement and outdoor exposure of people living in 
Argentina compared to Europe (35). Another study 
on refractive errors in our country (36), based on non-
cycloplegic refractions in an unselected sample of office-
workers coming for a general health checkup aged 25–65, 
with high academic degrees (mean of 6 years of University 
study), showed a prevalence of myopia of 32.9% for subjects 
aged 40–50 (with the same cut point), much higher than 
the results obtained in our report (13.5%). This greater 
prevalence of myopia in the study by Cortinez et al. (36) 
could be related to greater academic achievement of that 
sample, as it was shown in other studies (30,31). In the 
present study, the low prevalence of myopia goes along with 
the lack of academic achievement (90% less than 12 years 
of studies), and very low income (66.7% less than 377 US 
dollars). The low prevalence of myopia is in accordance 
with recent data from Iran in Shahroud (37), where 
the prevalence has been low in similarly aged subjects. 
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Considering nuclear opacity, only 3.6% of the sample had 
advanced nuclear opacity, which has been related to the 
development of myopic shifts in refraction (38,39), however, 
the involved numbers were very low to reach significance. 
As the number of hyperopic subjects was greater, we found 
that clear lenses were significantly related to hyperopic 
refractive error.

As regard astigmatism, we found a prevalence of 26.0%, 
which is comparable with studies that used a similar 
methodology as our study showing a range between 
18.5–29.6% (12,15,40). On the other hand, the prevalence 
is much higher in studies that use a >0.50 D criterion to 
define astigmatism (40-42). In spite of a majority of with-

the-rule astigmatism found in our sample, there was a 
tendency to increase to against-the-rule astigmatism 
with age (Table 4). This tendency has already been 
described in other studies (14-20,41). A possible cause 
of this finding could be changes in lens opacity or more 
probably due to corneal modifications as other studies 
have suggested (42-45).

In spite of the randomly selected sites according to the 
local population census, some variables could be biased 
due to different factors. In this report there was a higher 
participation of women. This result was probably linked 
to the voluntary nature of the examination that may 
reflect factors like time availability and major possibility of 

Table 5 Prevalence of myopia in 40–50 years old for different studies

Study Age range n
40–50 years old 

participants
Myopia definition Cycloplegia Prevalence (%) Reference

Villa Maria Eye Study 40–90 646 123 <−0.50 Yes 13 –

Mongolia ≥40 1,617 609 <−0.50 No 15 (17)

Latino Eye Study* ≥40 5,927 2,337 ≤−1.00 No 16 (19)

Bangladesh ≥30 11,189 2,947 <−0.50 No 16 (14)

India (rural) >39 2,508 1,456 <−0.50 No 16 (16)

Barbados Study 40–84 4,709 1,235 <−0.50 No 17 (6)

India (Andra Pradesh) >0 2,321 382 <−0.50 No 18 (5)

China (Handan) ≥30 6,491 1,295 <−0.50 No 20 (22)

Iran (Tehran) ≥5 4,354 631 ≤−0.50 Yes 21 (15)

Beijing Eye Study* 40–90 4,342 1,449 <−0.50 No 22 (18)

Australia (Victoria) ≥40 4,532 1,236 <−0.50 No 24 (8)

Blue Mountains  
Study (Australia)

49–97 3,174 465 <−0.50 No 25 (7)

Indonesia (Sumatra) ≥21 1,043 184 ≤−0.50 No 29 (12)

Iceland (Reykjavik) ≥50 1,045 212 <−0.50 No 30 (10)

Norway 20–45 3,137 1,889 ≤−0.50 No 30 (11)

Framingham Study 23–78 1,585 581 ≤−1.00 No 38 (4)

Beaver Dam Study 43–84 4,275 1,468 <−0.50 No 42 (2)

Baltimore (Caucasian) ≥40 2,659 531 <−0.50 No 42 (3)

Japan 40–79 2,168 – ≤−0.50 No 42 (13)

Singapore (Chinese) 40–81 1,113 275 <−0.50 No 48 (9)

USA (NHANES) ≥20 12,010 3,776 ≤−0.50 No 50 (21)

*, the data of the Beijing Eye Study and the Latino Eye Study are for all participants older than 40.
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awareness about the campaign, cultural factors that make 
women more predisposed to assist. Many similar studies 
also showed a higher enrolment of women (7,15,19,46). 
Other concern is the low participation rate in this study, 
probably related to the fact that the demographic interview 
was scheduled first and the eye examination in a different 
visit (26.7% failed to return). Future studies in our country 
could improve this participation rate if scheduled as only 
1-day visit for the whole procedure.

In summary, our work shows the prevalence of refractive 
error in an adult population of Hispanic residents in 
Argentina. The prevalence of myopia was very low when 
compared with the hyperopic refractive defect that was 
found in the studied participants. Refractive errors are 
an important cause of vision impairment in Córdoba, 
Argentina. We believe that this study shows that there is a 
great need of eye-care services and spectacle distribution 
to help improving visual-specific quality of life. Since our 
study data were collected several years ago, further studies 
are needed to report the trends on refractive error or 
current situation in the province, to evaluate if new policies 
or interventions are required currently.
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