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ABSTRACT 

Aim : To estimate and determine the prevalence of refractive errors in persons 40 years and older at the 

north suburbs of Athens-Greece. 

Method and material: The sample studied consisted of 1500 residents aged 40–77 living in the north 

suburbs of Athens-Greece. Refractive error was measured in a population-based sample composed of 

adults age 40 or older residing at the north suburbs of Athens. The participants were measured with an 

auto-refractometer (NIKON Speedy-1) and then the final prescription was tested with subjective refraction 

using a Snellen test chart in order to achieve 6/6 visual acuity. Aphakic eyes or eyes undergone cataract 

surgery, were excluded from analysis. Also eyes found to be < ± 0.50 Ds or having mixed astigmatism ± 

0.25 Dc were considered to be emmetropic having 6/6 or 6/6 (-) visual acuity. 

Results: Prevalence rates were determined for myopia 42.67%, hypermetropia 14.40%, and emmetropia 

42.33%. Myopia was categorized as low myopia (-0.50 D to -3.00 D) with 28.60% prevalence, as moderate 

myopia (-3.00 D to -6.00 D) with 13.47% prevalence and high myopia (>-6.00 D) with 1.20% prevalence. 

Hypermetropia categorized as low hypermetropia (+0.50 D to +2.00 D) with 9.60% prevalence, as 

moderate hypermetropia (+2.00 D to +4.00 D) with 3.27% prevalence and high hypermetropia (> +4.00 

D) with 1.53%. 

Conclusions: Refractive errors affect approximately 57% of the population (40 years or older) at the north 

suburbs of Athens. Also the mean refractive error (Spherical Equivalent) is for the right eye – 0.6907 D 

(95% CI, - 0.7888 to – 0.5926 D) and for the left eye - 0.7458 D (95% CI, - 0.8464 to - 0.6453 D), 

respectively. 
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INTRODUCTION 

efractive error may be defined as a 

state in which the optical system of 

the non-accommodating eye fails to 

bring parallel rays of light to focus on the R 
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fovea. In myopia the optical system of 

the eye brings parallel rays of light into 

focus anterior to the fovea while in 

hyperopia the optical system of the eye 

brings parallel rays of light into focus 

posterior to the fovea, both resulting in 

blurred vision. 1-5 

It should be noticed that in mild to 

moderate hyperopia, blurred vision can 

be overcome by accommodation in 

youth and early adulthood, with the 

result that low degrees of hyperopia 

often are not noticed until the onset of 

presbyopia in middle adulthood. Myopia 

results in blurred vision at all ages. Most 

usually all types of ametropias can be 

corrected with spectacles, contact lenses, 

or refractive surgery.1-5 

Despite the fact that refractive error is 

one of the most frequent reasons that 

people go for consulting at an eye care 

practitioner (ophthalmologist or 

optometrist) and though refractive error 

is the most common cause of reduced 

vision, there have been few population-

based studies of refractive error in older 

populations worldwide and actually non-

in Greece. Previous ophthalmic 

epidemiological studies have 

demonstrated a variability in refractive 

error between different ethnic groups. 

The majority of the early studies have 

been conducted in European or 

American populations1–13 but recently, 

large-scale population-based studies 

have provided data about refractive 

errors in certain Asian regions.14–22 These 

studies have generally found high rates 

of myopia across Asia21-22 particularly in 

the younger population. 

The aim of the present study was to 

estimate and determine the prevalence of 

refractive errors in persons 40 years and 

older at the north suburbs of Athens-

Greece. 

 

Method_and material  

Data for the present study were obtained 

from a population-based survey 

conducted in four optometric practices 

based in the north suburbs of Athens and 

monitored by TEI of Athens department 

of Optics & Optometry, during the 

period 2006-09. The sample of 

participants was randomly selected from 

residents of the north suburbs of Athens 

Greece. A total of 1500 (633 men 42% 

and 867 women 58%) individuals 

participate in this survey.  As part of our 

standardized examination, an automated 

objective refraction test was performed 

on each participant with an 

AutoRefractor (NIKON Speedy-1). Visual 

acuity was then measured with a Snellen 

test chart at 5 meters under standard 

lighting conditions, and measured 

initially using any corrective spectacles 

the participants were currently using. If 
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the participant was unable to read the 

1.0 equivalent line (6/6), subjective 

refraction was performed using the 

results of the objective refraction as a 

starting point. The best-corrected visual 

acuity was found, and both the derived 

refractive data and the visual acuity were 

recorded. When the presenting acuity of 

the participant was 1.0, the final 

refraction was recorded as the subject’s 

refractive data. The spherical equivalent 

(sphere + ½ cylinder) was used to 

calculate the refractive error. Because of 

the age of our study population, 

cycloplegia was not used. Myopia was 

defined as the spherical equivalent of < - 

0.50 diopters (D). Also myopia was 

categorized as low myopia (-0.50 D to -

3.00 D), moderate myopia (-3.00 D to -

6.00 D) and high myopia (> -6.00 D). 

Hypermetropia was defined as the 

spherical equivalent of more than +0.50 

D, and emmetropia was defined as the 

spherical equivalent of < ± 0.25 D. 

Because the spherical equivalents in the 

right and left eyes were highly correlated 

(Pearson Correlation Coefficient: 0.9881) 

data was presented at the beginning for 

both the right and left eye, but the rest 

of the statistics (astigmatism prevalence, 

age and gender distribution) are 

presented for the right eye only. 

Results 

Among the randomly selected 1500 

subjects, all are residents at the north 

suburbs of Athens-Greece during the 

screening period. The gender ratios (men 

to women) were 633/867 (42% men and 

58% women) for participants. This is 

seen in Figure 1. The mean age of the 

1500 participants was 55.14 years, 

(standard deviation = 10.42).  

The age distribution amongst the 

sample-population was 40-49 years 37%, 

50-59 years 31%, 60-69 years 25%, >70 

years 7% (Figure 1). The mean age of the 

633 men participants was 54.32 years, 

(standard deviation = 10.11). The age 

distribution amongst men of the sample-

population was 40-49 years 38%, 50-59 

years 33%, 60-69 years 24%, >70 years 

5% (Figure 1). The mean age of the 867 

women participants was 55.74 years, 

(standard deviation = 10.61). The age 

distribution amongst the women of the 

sample-population was 40-49 years 37%, 

50-59 years 31%, 60-69 years 25%, >70 

years 7% (Figure 1). 

Taking in to account the results for the 

entire sample-population, the mean 

refractive error (Spherical Equivalent) in 

the right and left eyes averaged – 0.6907 

D (95% CI, - 0.7888 to – 0.5926 D, 

standard deviation SD = 1.9369) and - 

0.7458 D (95% CI, - 0.8464 to - 0.6453 

D, standard deviation SD = 1.9855), 

respectively.  
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The distribution curve of spherical 

refractive error was normally distributed 

(Kolmogorov-Smirnov test showed no 

evidence against normality) but was 

slightly skewed to the myopic end 

(Figure 2). Table 1 shows the statistical 

analysis for the right eyes of the 

participants. Because the spherical 

equivalent was highly correlated between 

the right and left eyes (Pearson R = 

0.9881, P < 0.001, only the results from 

the right eyes are taking into account 

and presented to the rest of the 

statistical analysis. 

In the entire study population prevalence 

rates were determined for myopia 

43.27%, (95% CI, 41.44 to 45.30%), 

hypermetropia 14.40%, (95% CI, 12.57 

to 16.43%), and emmetropia 42.33% 

(95% CI, 40.50 to 44.36%), (Figure 3). 

Myopia was categorized as low myopia (-

0.50 D to -3.00 D) with 28.60% 

prevalence, as moderate myopia (-3.00 D 

to -6.00 D) with 13.47% prevalence and 

high myopia (> -6.00 D) with 1.20% 

prevalence. Hypermetropia categorized 

as low hypermetropia (+0.50 D to +2.00 

D) with 9.60% prevalence, as moderate 

hypermetropia (+2.00 D to +4.00 D) 

with 3.27% prevalence and high 

hypermetropia (> +4.00 D) with 1.53% 

(Figure 4). 

In the entire study population prevalence 

rates of astigmatism were determined in 

61.60% (95% CI, 62.04 to 61.99%) of the 

population (Figure 5) the mean 

astigmatic error in the right eye averaged 

0.7297 D (95% CI, 0.7027 to 0.7566 D, 

standard deviation SD = 0.4172). Table 2 

shows the statistical analysis for the 

right eyes of the participants for 

astigmatic error. The distribution curve 

of astigmatic refractive error is presented 

in Figure 6. 

Regarding to gender (men/women) and 

age, the prevalence rates are presented in 

Figure 7. 

It is understood that refractive errors 

prevalence differs as age increases where 

participants become more hyperopic 

especially after 70 years old.  From the 

graph it is understood that the results 

between the two genders are more about 

the same regardless age. 

 

Discussion 

This study provides the first population-

based data on the prevalence and 

distribution of refractive errors in 

persons 40 years and older at the north 

suburbs of Athens-Greece. Also provides 

an opportunity to compare the 

prevalence of refractive errors with other 

ethnic populations in similarly aged 

elderly groups.  

The mean refractive error (Spherical 

Equivalent) for both eyes checked 

averaged 0.7182 D myopic which was 
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same as the mean astigmatic error 

0.7297 D. Refractive errors affect 

approximately 57% of the population (40 

years or older) at the north suburbs of 

Athens. The frequency for myopia was 

43.27%, hypermetropia 14.40%, and 

emmetropia 42.33%, which findings are 

not similar to those found in other USA 

and Asian surveys. Only in an 

epidemiological study presented in 2004 

the results for the Western Europe3 

population were similar to ours that is 

43.70% for myopia, 11.60% for 

hypermetropia and 44.70% for 

emmetropia.  

In the present study  the age groups 

between 50 to 69 years old, for both 

genders, had results within the 

confidence limits of the entire 

population, while for the age group of 40 

to 49 years old the participants were 

more myopic again for both genders 

(males were 2% more than women). For 

the elderly group of people over 70 years 

old the results presented a remarkable 

shift to the hyperopic side reducing the 

percentages of myopia approximately 

half of the result for the entire 

population.   

The use of non-cycloplegic auto-

refraction is a point in our study that 

someone might be against it and criticize 

it. Because in our study population the 

participants were over 40 years old, we 

did not expect excessive residual 

accommodation to become a problem 

and alter our results. Although that the 

use of auto-refraction, in previous 

studies have shown an overestimate 

refractive error, a previous validation 

study showed that the auto-refractor 

measured an average refractive error of 

0.28 D more “plus” compared with 

subjective refraction.23  

It should be noted that this study 

probably does not show the prevalence 

of refractive errors in the entire country. 

The sample of participants is not 

representative for the population of 

Greece due to the fact that they belong 

to the upper class of the country and this 

study did not link refractive error with 

other factors such as environmental, 

occupational (nearwork-related), 

education level, living standards 

(income) and general health. 

 

Conclusions 

The results indicate that refractive errors 

affect approximately more than half of 

the population (40 years or older) at the 

north suburbs of Athens. Myopia 

prevailed in 43.27%, with the majority 

being low (≤ - 2.00), while hypermetropia 

prevailed in 14.40%, also with the 

majority being low (≤ + 2.00) of the 

entire sample population.   Refractive 

errors prevalence differs with age, where 
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hypermetropia prevails especially after 

70 years old. Also the results showed 

that there is no significant difference 

between the two genders. These data on 

the prevalence of refractive errors can be 

useful for the planning of refractive eye-

care services. 
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ANNEX 

 

Figure 1. Distribution of age and gender amongst the sample population 
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Figure 2. Distribution of spherical equivalent refractive error among the sample-
population for both right and left eye analyzed 

 

Figure 3. Distribution of hypermetropia, emmetropia and myopia in the sample-
population analyzed for the right and left eye 
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Table 1. Statistics on refractive errors for the right eye of the sample-population 

Alpha value (for confidence 

interval) 0,05                                                                             

Right Eye    

Count                                 1500 Skewness                              -0,99375 

Mean                                  -0,69067 Skewness Standard Error               0,06314 

Mean LCL                              -0,78877 Kurtosis                              7,183049 

Mean UCL                              -0,59257 Kurtosis Standard Error               0,126028 

Standard Deviation                    1,936917 Alternative Skewness (Fisher's)       -0,99474 

Standard Error (of Mean)              0,050011 Alternative Kurtosis (Fisher's)       4,201037 

Minimum                               -11 Coefficient of Variation              -2,80442 

Maximum                               6,25 Mean Deviation                        1,278924 

Range                                 17,25 Second Moment                         3,749146 

Sum                                   -1036 Third Moment                          -7,21397 

Sum Standard Error                    75,01647 Fourth Moment                         100,9656 

Total Sum Squares                     6339,25 Median                                -0,25 

Adjusted Sum Squares                  5623,719 Median Error                          0,001618 

Geometric Mean                        0,92153 Percentile 25% (Q1)                   -1 

Harmonic Mean                         -1,23432 Percentile 75% (Q2)                   0,25 

Mode                                  -0,25 IQR                                   1,25 

Variance                              3,751647 MAD                                   0,5 
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Figure 4. Distribution of the refractive error Spherical equivalent in the hole sample-
population according to low myopia (-0.50 D to -2.00 D), moderate myopia (-2.00 D to -
6.00 D), high myopia (> -6.00 D), low hypermetropia (+0.50 D to +2.00 D), moderate 

hypermetropia (+2.00 D to +4.00 D) and high hypermetropia (> +4.00 D). 

 

 

Figure 5. Prevalence of astigmatism in the entire population-study 
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Figure 6. Distribution of astigmatism in the hole sample-population 

 

Table 2. Statistics on astigmatic error for the right eye of the sample-population 

Alpha value (for 

confidence interval) 0,05                                                                             

Astigmatism   

Count                                 924 Skewness                              2,784148 

Mean                                  0,729708 Skewness Standard Error               0,080365 

Mean LCL                              0,70277 Kurtosis                              13,06706 

Mean UCL                              0,756646 Kurtosis Standard Error               0,160209 

Standard Deviation                    0,417237 Alternative Skewness (Fisher's)       2,788677 

Standard Error (of Mean)              0,013726 Alternative Kurtosis (Fisher's)       10,12828 

Minimum                               0,5 Coefficient of Variation              0,571786 

Maximum                               3,5 Mean Deviation                        0,279925 

Range                                 3 Second Moment                         0,173898 

Sum                                   674,25 Third Moment                          0,201899 

Sum Standard Error                    12,68291 Fourth Moment                         0,395156 

Total Sum Squares                     652,6875 Median                                0,5 

Adjusted Sum Squares                  160,682 Median Error                          0,000566 

Geometric Mean                        0,658214 Percentile 25% (Q1)                   0,5 

Harmonic Mean                         0,614288 Percentile 75% (Q2)                   0,75 

Mode                                  0,5 IQR                                   0,25 

Variance                              0,174087 MAD                                   0 
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Figure 7. Distribution of refractive error according to gender & age  
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