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Purpose: To determine the prevalence of refractive errors in Yazd, central Iran.
Methods: This population-based study was performed in 2010-2011 and targeted 
adults aged 40 to 80 years. Multi-stage random cluster sampling was applied to select 
samples from urban and rural residents of Yazd. Manifest refraction, visual acuity 
measurement, retinoscopy and funduscopy were performed for all subjects. Myopia, 
hyperopia, astigmatism and anisometropia were defined as spherical equivalent (SE) 
<-0.50 diopters (D), SE >+0.50 D, cylindrical error >0.5 D and SE difference ≥1 D 
between fellow eyes, respectively.
Results: From a total of 2,320 selected individuals, 2,098 subjects (90.4%) participated 
out of which 198 subjects were excluded due to previous eye surgery. The prevalence 
(95% confidence interval) for myopia, hyperopia, astigmatism, anisometropia, -6 D 
myopia or worse, and 4 D hyperopia or worse was 36.5% (33.6-39.4%), 20.6% (17.9-
23.3%), 53.8% (51.3-56.3%), 11.9% (10.4-13.4%), 2.3% (1.6-2.9%) and 1.2% (0.6-1.8%), 
respectively. The prevalence of hyperopia, astigmatism and anisometropia increased 
with age. The prevalence of myopia was significantly higher in female subjects. The 
prevalence of with-the-rule, against-the-rule and oblique astigmatism was 35.7%, 13.4% 
and 4.6%, respectively. The prevalence of against-the-rule astigmatism increased with 
age (P<0.001); with-the-rule astigmatism was more common in women (P=0.038).
Conclusion: More than half of the study population had refractive errors; the prevalence 
of myopia and astigmatism was higher than earlier studies in Iran. Since refractive 
errors are a major cause of avoidable visual impairment, their high prevalence in this 
survey is important from a public health perspective.
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INTRODUCTION
Uncorrected refractive errors are the leading 
cause of low vision and the second cause of 

blindness worldwide.1 One hundred and fifty-
three million individuals are visually impaired 
due to refractive errors, of whom 8 million are 
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blind.1 Smith et al demonstrated that refractive 
errors impose a huge financial burden on human 
societies.2 Refractive errors affect people of all 
ages and have been reported in more than 60% of 
subjects over 40 years of age3-6 and in more than 
20% of students7-9. There are new reports released 
each year on the prevalence of refractive errors 
and their possible causes, yet, our knowledge on 
their pattern of distribution and affecting factors 
is scarce. While it has already been revealed 
that the prevalence of myopia is particularly 
high in East Asian countries10-12, there is no 
recognized region as a reference when referring 
to hyperopia. Roles of genes and environmental 
factors such as near work have already been 
explained for uprising myopia; however results 
have been inconsistent regarding the association 
between near work and myopia in more recent 
studies.13-16 Despite the availability of numerous 
surveys on refractive errors, due to their high 
prevalence, further studies are still necessary in 
different parts of the world.

In the past decade, a number of studies have 
been conducted among students and elderly 
subjects in Iran showing hyperopia to be more 
prevalent than myopia.6,17-20 Nevertheless, to 
come up with the hypothesis that Iran is an 
accumulation spot for hyperopia, more surveys 
should be performed in different parts of the 
country. Regarding the fact that the elderly are at 
higher risk of visual impairment, they comprise 
the priority group for performing these studies.

The current cross-sectional population 
based survey was performed in 2010-2011 
on the elderly population of Yazd; earlier 
reports on design study and protocol and the 
prevalence of glaucoma have been published 
elsewhere.21,22 Herein, we report age- and sex-
adjusted prevalence rates for myopia, hyperopia, 
astigmatism and anisometropia.

METHODS

This cross-sectional study was performed in 
2010-2011 on 40 to 80 year-old inhabitants of 
Yazd which is one of the central districts in 
Iran. The study was approved by the Ethics 
Committee at Shahid Beheshti University of 
Medical Sciences.

The methodology of this survey has been 
discussed in another report21, nevertheless, 
herein we briefly explain the applied sampling 
method. Subjects were selected through multi-
stage random cluster sampling. Proportionate 
to urban and rural non-institutionalized 
populations based on the national 2006 census, 58 
clusters including 52 urban and 6 rural clusters 
were selected. Six trained interviewers invited 
subjects to participate in the study at their 
residence. Selected subjects were interviewed 
face to face to record certain demographics 
including age, gender, education, and drug and 
medical histories. Written informed consent was 
obtained from those willing to participate in the 
study prior to enrollment.

All participants underwent manifest 
refraction, uncorrected and best corrected 
visual acuity measurement, retinoscopy and 
funduscopy. Visual acuity measurement was 
performed by an optometrist using a NIDEK 
chart projector (CP-670 20/10- 20/400; Nidek 
Co, Gamagori, Japan) with tumbling E letters at 
a distance of 4 meters. Refraction was measured 
by an optometrist using a Topcon automated 
refractometer (Topcon KR 8000, Topcon Corp., 
Tokyo, Japan). The results were used as a 
starting point for a full subjective and manifest 
refraction. If autorefraction was not possible, 
manual manifest and subjective refraction were 
tried. Subjects with history of eye surgery were 
excluded from the current analysis.

Spherical equivalent (SE) was applied to 
define refractive errors in this study and was 
described as sphere power plus half cylinder 
power. Similar to previous studies,5,10,23,24 
myopia and hyperopia were defined as SE 
of worse than -0.50 diopters (D) and +0.50 D, 
respectively. SE of -0.50 D to +0.50 D was defined 
as emmetropia while astigmatism was defined 
as cylinder power exceeding 0.5 D. In order to 
demonstrate the severity of refractive errors, 
myopia of -6.00 D or worse and hyperopia of 4.00 
D or worse were also reported. The prevalence of 
refractive errors was reported both binocularly 
and monocularly for all participants. In order to 
be considered as a subject with refractive error, 
the participant had to have a refractive error 
in at least one eye. In cases with one myopic 
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and a fellow hyperopic eye, the refractive 
error of the eye with larger absolute SE was 
taken into account. Astigmatism was classified 
according to the 30 degree axis rule,25-26 negative 
cylinder axes within 0±30 degrees and 90±30 
degrees were considered as with-the-rule and 
against-the-rule astigmatism, respectively; other 
axes were categorized as oblique astigmatism. 
Anisometropia was defined as a difference 
of at least 1D in SE between fellow eyes.27-29. 
SE difference in subjects with two myopic/
hyperopic eyes was defined as anisomyopia/
anisohyperopia.

Statistical Analysis

Prevalence rates for myopia, hyperopia, 
astigmatism and anisometropia were reported 
with 95% confidence intervals (95%CIs). The 
design effect of cluster sampling was considered 
in calculating the standard error and 95%CIs. 
Age- and sex- standardized prevalence values 
based on the 2006 National Census were also 
reported. Logistic regression analysis using 
STATA V11 software was applied for evaluating 
the relationship between risk factors and 
refractive errors. Relationships among all risk 

factors were analyzed by backward multiple 
logistic regression model. Significance level 
was set at 5%.

RESULTS

From a total of 2,320 invited individuals, 2,098 
subjects participated in the survey (response rate 
of 90.4%) consisting of 994 (47.4%) male subjects. 
A total of 198 (9.4%) subjects were excluded due 
to previous ophthalmic surgeries. Mean age of 
the participants was 53.2±9.54 years and mean 
SE was 0.53D (95%CI, 0.39-0.66D).

Myopia

Binocular and monocular myopia was observed 
in 25.2% (95%CI: 22.7-27.7%) and 11.6% (95%CI: 
10.1-13.2%) of the study population, respectively; 
the prevalence of myopia in at least one eye 
considering an SE of ≤-0.5 was 36.5% (95%CI: 
33.6-39.4%).

The prevalence of different types of 
refractive errors are summarized in table 1. 
Logistic regression analysis revealed that the 
odds of being myopic was significantly higher 
in women (odds ratio [OR]=1.23, 95%CI: 1.03-

Number
Myopia*
% (range)

Hyperopia*
% (range)

Astigmatism*
% (range)

Anisometropia*
% (range)

Age group
40 to 49 780 39.0 (35.2-42.8) 8.7 (6.5-10.9) 46.3 (42.3-50.3) 8.1 (6.2-10.0)
50 to 59 656 34.4 (30.5-38.2) 23.2 (19.6-26.8) 52.3 (48.4-56.2) 10.2 (8.0-12.5)
60 to 69 290 33.1 (27.8-38.5) 33.8 (27.7-39.9) 66.6 (60.4-72.7) 16.2 (11.7-20.7)
70 to 80 172 39.5 (31.7-47.4) 42.4 (33.6-51.3) 72.7 (65.4-79.9) 28.5 (21.6-35.4)

Gender
female 995 38.8 (35.0-42.6) 18.6 (15.4-21.8) 54.9 (51.7-58.0) 11.7 (9.7-13.6)
male 905 34.0 (30.7-37.2) 22.8 (19.5-26.1) 52.6 (49.0-56.2) 12.2 (9.9-14.4)

Place
urban 1686 35.8 (32.9-38.7) 19.9 (17.1-22.7) 53.0 (50.3-55.7) 11.4 (10-12.9)
rural 214 41.8 (31.3-52.3) 25.8 (16.7-35.0) 59.8 (56.4-63.3) 15.4 (8.8-22.0)

Education
illiterate 338 37.0 (32.3-41.7) 32.2 (26.3-38.2) 65.1 (60.1-70.1) 18 (13.7-22.4)
primary 789 38.2 (34.4-42.0) 17.4 (13.9-20.9) 56.4 (52.6-60.2) 10.5 (8.2-12.8)
secondary 221 29.9 (23.4-36.3) 21.3 (14.5-28.1) 45.7 (39.4-52.0) 10.0 (6.0-13.9)
diploma 320 35.9 (29.7-42.2) 16.6 (12.8-20.3) 46.9 (41.2-52.6) 10.0 (6.7-13.3)
academic 218 37.2 (30.9-43.4) 19.3 (12.8-25.8) 45.4 (39.6-51.3) 11.0 (6.6-15.5)

Total prevalence
crude 1900 36.5 (33.6-39.4) 20.6 (17.9-23.3) 53.8 (51.3-56.3) 11.9 (10.4-13.4)
age sex standardized 36.3 (33.3-39.2) 18.8 (16-21.5) 52.2 (49.5-54.9) 11.3 (9.8-12.8)

Table 1. Prevalence of myopia, hyperopia, astigmatism and anisometropia with a CI of 95% in the study population.

*All values are reported with a confidence interval of 95%
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1.47, P=0.023). The prevalence of myopia did 
not significantly vary in different age groups 
(P=0.106). Regarding 40-49 year-old subjects as 
our reference group, the odds of being myopic 
among 50-59 (P=0.061) and 60-69 (P=0.056) year-
old subjects were marginally lower than that 
of 40-49 year-old individuals (Table 1). There 
was no significant difference in terms of myopia 
among different levels of literacy (P=0.234). 
Table 2 presents logistic regression results on 
myopia and education. Logistic regression 
analysis revealed that location of residence 
had no significant relationship with myopia 
(P=0.269), neither did nuclear cataracts (P=0.426).

After analyzing the variables (age, gender, 
nuclear cataracts, literacy level and residence) 
in a multiple logistic model, it was clarified that 
female gender has a significant relationship with 
myopia. Figure 1 demonstrates the severity of 
myopia and hyperopia. The prevalence of 6 D 
or worse myopia was 2.3% (95%CI: 1.6-2.9%) in 
the current study.

Hyperopia

The prevalence of binocular and monocular 
hyperopia was 12.5% (95%CI: 10.7-14.2%) 
and 8.6% (95%CI: 7.2-10.0%), respectively; the 
prevalence of hyperopia in at least one eye 
considering SE ≥0.5 D was 20.6% (95%CI: 17.9-
23.3%). The prevalence of hyperopia was lower 
in men (Table 1). Logistic regression showed that 
the odds of being hyperopic was significantly 
lower in women (OR=0.77, 95%CI: 0.62-0.96%, 
P=0.022).

The lowest prevalence of hyperopia was 
observed in 40-49 year-old subjects with a 
corresponding value of 8.7%. The prevalence 
of hyperopia increased with age (Table 1); it was 
23.2%, 33.8% and 42.4% in 50-59, 60-69 and 70-
80 year-old individuals, respectively. Each year 
of increase in age raised the odds of hyperopia 
by 7% (P<0.001).

Considering different levels of literacy, the 
highest odds of being hyperopic was observed 
among illiterate subjects (Table 1); referring to 

Myopia Hyperopia Astigmatism Anisometropia
Odds ratio

(95%CI)
P-value

Odds ratio
(95%CI)

P-value
Odds ratio

(95%CI)
P-value

Odds ratio
(95%CI)

P-value

Gender 
(Male=0, Female=1)

1.23
(1.03-1.47)

0.023 0.77
(0.62-0.96)

0.022 1.1
(0.91-1.31)

0.318 0.95
(0.73-1.25)

0.728

Area 
(Urban=0, Rural=1)

1.29
(0.82-2.02)

0.269 1.4
(0.84-2.33)

0.192 1.32
(1.1-1.58)

0.003 1.41
(0.83-2.39)

0.196

Nuclear cataract
(No=0, Yes=1)

1.67
(0.46-6.1)

0.426 0.63
(0.14-2.76)

0.533 0.88
(0.26-2.96)

0.836 2.31
(0.69-7.70)

0.168

Age (years) Not linear 1.07
(1.06-1.09)

<0.0001 1.04
(1.03-1.05)

<0.0001 1.05
(1.04-1.07)

<0.0001

40-49 1 1 1 1
50-59 0.82

(0.66-1.01)
0.061 3.16

(2.46-4.06)
<0.0001 1.27

(1.03-1.57)
0.027 1.29

(0.89-1.89)
0.175

60-69 0.77
(0.6-1.01)

0.056 5.34
(3.46-8.25)

<0.0001 2.31
(1.64-3.25)

<0.0001 2.2
(1.45-3.34)

<0.0001

70-80 1.02
(0.76-1.38)

0.877 7.72
(4.91-12.15)

<0.0001 3.09
(2.15-4.44)

<0.0001 4.53
(3.13-6.58)

<0.0001

Education
Illiterate 1 1 1 1
Primary 1.05

(0.84-1.32)
0.646 0.44

(0.31-0.62)
<0.0001 0.69

(0.53-0.92)
0.011 0.53

(0.36-0.78)
0.002

Secondary 0.73
(0.51-1.03)

0.069 0.57
(0.35-0.91)

0.019 0.45
(0.32-0.63)

<0.0001 0.5
(0.3-0.83)

0.008

Diploma 0.96
(0.7-1.3)

0.77 0.42
(0.29-0.61)

<0.0001 0.47
(0.35-0.65)

<0.0001 0.5
(0.3-0.85)

0.011

Academic 1.01
(0.73-1.38)

0.963 0.5
(0.31-0.82)

0.007 0.45
(0.32-0.62)

<0.0001 0.56
(0.33-0.96)

0.036

Table 2. Relationship among different refractive errors in a simple logistic regression model according to the studied 
variables.
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this group as a reference in logistic regression 
analysis, the prevalence of hyperopia was 
significantly lower with other levels of literacy.

It was also revealed that only age had a direct 
relationship with the prevalence of hyperopia 
(P<0.001). The prevalence of ≥4 D of hyperopia 
was 1.2% (95%CI: 0.6-1.8%).

Astigmatism

The prevalence of bilateral and unilateral 
astigmatism was 31.4% (95%CI: 29.3-33.6%) 
and 22.4 (95%CI: 20.3-24.4%), respectively; the 
prevalence of astigmatism in at least one eye 
was 53.8% (95%CI: 51.3-56.3%) which was not 
significantly (P=0.318) different in men and 
women, (Tables 1 and 2). The prevalence of 
astigmatism increased significantly with age 
(OR=1.04, 95%CI, 1.03-1.05, P<0.001).

The prevalence of astigmatism was 
significantly higher among illiterates as 
compared to other levels of literacy (Table 1 and 
2). Multiple regression analysis revealed a direct 
relationship between age and astigmatism; in 
addition, the prevalence of astigmatism was 
significantly lower in people with high school 
diploma or higher levels of education as 
compared to illiterates (Table 2).

The prevalence of astigmatism was 
significantly higher in people living in rural 

areas (P=0.003). The prevalence of against-the-
rule, with-the-rule and oblique astigmatism was 
35.7%, 13.4% and 4.6%, respectively.

Figure 2 demonstrates the prevalence of 
different types of astigmatism among different 
age groups; the prevalence of against-the-rule 
astigmatism increased from 27.6% in 40-49 
years old subjects to 55.2% in 70-80 years old 
individuals (OR=1.044, 95%CI, 1.034-1.054, 
P<0.001). However, with-the-rule astigmatism 
did not have a significant relationship with age 
(P=0.510).

The prevalence of against-the-rule 
astigmatism was 34.1% and 37.6% in women 
and men, respectively (P=0.112). Yet, with-the-
rule astigmatism was significantly higher in 
women (P=0.038); corresponding values were 
15% and 11.7% in women and men, respectively. 
The prevalence of oblique astigmatism was 
also significantly higher in women than 
men (5.8% versus 3.3%, P=0.010). Regarding 
the relationships among different types of 
astigmatism, age and gender, multiple model 
findings were similar to the simple model.

Anisometropia

Anisometropia of 1 D or higher was observed 
in 11.9% (95%CI: 10.4-13.4%) of the study 
population. There was no significant relationship 

Figure 1. Severity of myopia and hyperopia by gender in the elderly population of Yazd district, Iran.
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between anisometropia and gender (P=0.728), 
however the odds of being anisometropic 
increased by about 5% for each year of increasing 
age (P<0.001). The prevalence of anisometropia 
was significantly higher after the age of 59 
compared to 40-49 year-old subjects (Table 2). 
There was no significant difference between 
urban and rural populations regarding the 
prevalence of anisometropia (P=0.196). The 
prevalence of anisometropia was significantly 
higher among illiterates as compared to other 
levels of literacy (Table 2). Anisometropia did 
not have a significant relationship with nuclear 
cataracts (P=0.168).

DISCUSSION

The prevalence of different types of refractive 
errors in the Iranian population has already 
been studied in various surveys during the past 
decade.6,17-20 While most of these studies were 
related to student populations,17,19 refractive 
errors among the elderly have also been 
reported in Tehran and Mashhad surveys.6,20 
Nevertheless, the latter two reports had 
limitations in addressing refractive errors in 
elderly population; they had lower sample sizes 
as compared to the current study and reported 
a high prevalence of hyperopia in the Iranian 
population which should be confirmed by 
further studies. This study evaluated individuals 

aged 40 to 80 years of age and in order to make 
a precise comparison with other reports,5,10,23,24,30 
emmetropia was defined as SE from -0.5 to +0.5 
D.

In contrast to other reports from Iran,6,18,20 
the prevalence of myopia was higher than 
hyperopia in the current study with almost 
36.5% of the study population being myopic. 
The prevalence of myopia among subjects older 
than 50 years was 23% and 27.2% in Tehran6 
and Mashhad20 surveys, respectively. Their rates 
were lower as compared to the same age groups 
in our study; one point should be borne in mind 
that subjects with SE of -0.5 D were considered 
myopic in the two above-mentioned studies. In 
other words, although the cutpoints of defining 
myopia in Tehran6 and Mashhad20 studies were 
lower than ours, myopia was still more prevalent 
in the current study.

Prevalence of myopia more than -0.5 D in 
people aged 40 years or older in Myanmar3 
(51%), Japan10 (41.8%), Singapore5 (35%) and 
India29 (34.6%) were higher than or equal to 
our study. Meanwhile, the prevalence of myopia 
was higher in the current study as compared to 
studies conducted in India24 (27%), Singapore23 
(30.7%), Beaver Dam31 (26.2%), China32 (19.4%), 
Mongolia33 (17.2%) and Austrailia34 (17%). 
According to previous Iranian studies6,18,20, we 
did not expect a high prevalence of myopia 
in middle-aged or elderly subjects. However, 

Figure 2. Prevalence of astigmatism in different age groups in the elderly population of Yazd district, Iran.
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not only was the prevalence of myopia higher 
as compared to previous Iranian studies6,18,20, 
but was also higher than many other surveys 
carried out in different parts of the world like 
China31, India24 and Singapore23 which are 
known places with a high prevalence of myopia. 
This is difficult to explain; nevertheless since 
race, gender, genes and environmental factors 
may affect myopia35,36, our finding could be 
due to racial and genetic differences among 
this particular group of Iranian population. We 
should consider the fact that Yazd population is 
more homogeneous in terms of genetic and racial 
characteristics than Tehran6 and Mashhad20.

The prevalence of hyperopia was rather low 
in our study, especially among 40-50 year-old 
subjects. The prevalence of hyperopia was 58.6% 
and 51.6% in Tehran6 and Mashhad20 studies, 
respectively. Findings of these two studies in 
terms of hyperopia were considerably different 
from our study despite the fact that the definition 
of hyperopia (SE of 0.5 D or higher) was similar 
to ours in Mashhad study. Although subjects 
with SE of 0.5 D were enrolled as hyperopic 
cases in the Tehran study6, the prevalence of 
hyperopia was so high that could not be justified 
by different definitions only. There are different 
studies worldwide such as the Blue Mountains37 
(57%), Barbados38 (46.9%) and Beaver Dam31 
(49%) in which the prevalence of hyperopia was 
considerably higher than our study. Considering 
the inverse relationship between hyperopia and 
myopia, it seems that the same reason for a high 
prevalence of myopia in our study has led to 
a low prevalence of hyperopia. In fact, since 
cycloplegic refraction is more valid than non-
cycloplegic refraction in all age groups,39 a lower 
prevalence of hyperopia, especially as compared 
to Tehran6 study, can partly be explained by the 
use of non-cycloplegic refraction in our study.

Surprisingly, astigmatism was present 
in more than half of our study population. 
Astigmatism was observed in more than 60% and 
70% of individuals aged 60-69 and 70-80 years, 
respectively. The prevalence of astigmatism was 
reported to be 37.5% in Mashhad20 study while 
the Shahroud40 study reported the prevalence 
of astigmatism to be high (49%). Rates of 
astigmatism in both of these two studies were 

lower than ours. The highest prevalence of 
astigmatism has been reported from Indonesia4 
(77%) and Taiwan32 (74%) in subjects aged above 
50 and 65 years, respectively; the lowest rate 
has been reported in subjects over 40 years of 
age in Myanmar3 (30.6%) and Blue Mountain37 
(37%). One of the most important reasons for the 
higher prevalence of astigmatism in the current 
study as compared to previous Iranian studies 
is the dry and hot climate of Yazd. Dry weather 
in that region may have caused an increase in 
ophthalmic reactions resulting in eye rubbing 
giving rise to astigmatism. Shahroud, where the 
prevalence of astigmatism is also high, has a 
dry climate too. Our findings demonstrate that 
the prevalence of against-the-rule astigmatism 
is significantly higher than other forms of 
astigmatisms. The prevalence of against-the-
rule astigmatism in Shahroud40, Singapore23, 
Bangladesh41 and Chinese residents of Taiwan32 

was reported to be higher in elderly population. 
As will be further discussed, the prevalence of 
against-the-rule astigmatism is expected to be 
high in elderly populations while that of with-
the-rule astigmatism is low.

We observed a prevalence of 11.9% for 
anisometropia in our study. The prevalence 
of anisometropia according to a cutpoint of 
1 D or higher has been variable in middle-
aged and elderly populations; the prevalence 
of anisometropia in the elderly population of 
Tehran27 and Mashhad20 was 30.0% and 10.7%, 
respectively. In Tehran27 study, subjects older than 
65 years of age did not show a great difference 
with the same age group in the current study. The 
prevalence of anisometropia has been reported 
to range from 9.9% in Singaporeans23 aged 40 
to 80 years to 35.3% in subjects aged 40 to 70 
years in Myanmar28. Meanwhile, the prevalence 
of anisometropia in elderly Chinese residents 
of Singapore5, residents of Blue Mountain42 
and Mongolia33 were 15.9%, 14.7% and 10.7%, 
respectively. Anisometropia had a medium to 
low prevalence and was not considered a serious 
visual issue in the elderly population of Yazd. 
However, since anisometropia may disturb 
binocular vision, its correction especially in 
elderly subjects who also have the problem of 
presbyopia is extremely important.
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Our study revealed that, the prevalence of 
myopia had a significant relationship with female 
gender. Although most studies,20,43-46 unlike the 
current study, have found a higher prevalence 
of myopia in men, reports by Saw23, Wong5 
and Brown47 also showed a higher prevalence 
of myopia among women.

Considering apparent differences in certain 
biometric components, especially axial length, 
between the two genders,44,48 we expected the 
prevalence of myopia to be higher in men due to 
greater axial length. Nevertheless, other causes 
could have been affected by gender in our study 
population changing the prevalence of myopia.

Our results showed that a higher prevalence 
of hyperopia could be observed with increasing 
age which has previously been addressed in 
various reports.6,37,38,49,50 Age-related decline 
in accommodation has already been proposed 
as a hypothesis in the etiology of hyperopia, 
nevertheless, a hyperopic shift was observed 
with age using cycloplegic refraction in Tehran 
study.51 Therefore, structural changes in the lens 
may be a plausible theory regarding this issue; 
this was first suggested by Danders and later 
confirmed by other surveys.52,53

Similar to other studies, the prevalence of 
astigmatism significantly increased with age in 
our study.40,54 Alterations in corneal curvature as 
a result of aging is an explanation for this finding. 
The observed decreased prevalence of with-the-
rule and increased prevalence of against-the-rule 
astigmatism with age in our study have already 
been reported in other studies.26,55,56 There are 
various changes in the type of astigmatism with 
age. Read et al demonstrated that astigmatism 
varies during different stages of life.57 Age-
related weakening of palpebral muscles and a 
reduction in palpebral pressure may decrease 
with-the-rule astigmatism and cause a shift 
toward against-the-rule astigmatism.58 With-
the-rule astigmatism was more prevalent among 
women in our study; Mandel59 and Huynh60 
also showed a higher rate of with-the-rule 
astigmatism in women. Difference in palpebral 
fissure slant between the two genders may be 
one of reasons for this finding.

To conclude, in contrast to previous studies 
in Iran, the prevalence of myopia was higher 

than hyperopia in the current survey. The 
prevalence of astigmatism was not only higher 
than myopia, but also greater than other Iranian 
studies. Taking all refractive errors into account, 
we observed that more than half of the elderly 
population had at least one type of refractive 
error. Regarding the fact that refractive errors 
are one of the most important causes of vision 
impairment worldwide, recognizing and 
correcting these errors can reduce ophthalmic 
problems.
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