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Background: Refractive errors are the second and third leading cause of visual impairment
and blindness in Ethiopia, respectively. The situation is worse where accessing spectacles, which
are the only management option in developing countries, is a major issue. Gondar University
Hospital Tertiary Eye Care and Training Center is the only referral eye care center, and it lacks
published evidence on the prevalence and degrees of refractive errors (myopia and hyperopia).
Obijective: The purpose of this study was to determine the prevalence and degrees of myopia
and hyperopia at Gondar University Tertiary Eye Care and Training Center.

Materials and methods: Records of 1,921 patients presented to refraction service at Gondar
University Hospital Tertiary Eye Care and Training Center from January 2010 to January 2014
were reviewed. All cases of refractive errors (with visual improvement of at least one line) were
converted into spherical equivalents (SE = sphere + % cylinder). Myopia was defined as SE <
—0.25 D and hyperopia > +0.25 D.

Results: The study comprised of 61.1% males and 38.9% females; the patients had an aver-
age age of 40+17 years. The overall prevalence of refractive errors (myopia and hyperopia)
was 76.3% (95% confidence interval: 75%—77%). Myopia was present in 34.5% patients and
hyperopia in 38.3%. Low-degree hyperopia (86%) and low-degree myopia (49.5%) were the
most frequent refractive errors.

Conclusion: Myopia and hyperopia are major reasons for patients to visit Gondar University
Hospital Tertiary Eye Care and Training Center. Low-degree myopia and hyperopia were the
most common refractive errors. Stocking appropriate power lenses is needed at this tertiary eye
care center in order to alleviate this problem in Ethiopia.
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Introduction

Uncorrected refractive error has been recognized as a major public health problem
because of the high rates of low vision and blindness it causes compounded by the
poor accessibility of spectacles.!?

Globally, it is estimated that more than 2.3 billion people suffer from poor vision
due to uncorrected refractive error.! Among people having refractive errors, only
1.8 billion have access to adequate eye examination and affordable corrections, leaving
behind 500 million people, mostly in developing countries.’ In 2007, 158.1 million
cases of visual impairment resulted from uncorrected or undercorrected refractive
error, of whom 8.7 million were blind.*

Uncorrected refractive error has social, psychological, and economic impacts on
individuals and communities at large.*® In the last few years, due attention has been
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given to the contribution of refractive errors as a global
cause of visual impairment and blindness. This is because
of the realization that burden of refractive errors based on
best-corrected visual acuity underestimated the contribution
of refractive errors.’

International organizations including the global initia-
tive for the Elimination of Avoidable Blindness are working
relentlessly to avoid the impacts of preventable blindness,
which of course requires both governments and private sec-
tors commitment to allocate more budget to improve the
provision and uptake of eye care services.’!!

In addition, effective management of visual impairment
caused by refractive errors requires the establishment of
proper service structures to match the magnitude of the
problem.! The lack of affordable refractive correction mea-
sures such as availability of spectacles in poor countries is
one of the primary reasons for the millions of people across
the globe suffering from poor vision.* It is time to develop
and implement efficient, effective, and sustainable service
delivery models for the correction of visual impairment due
to uncorrected refractive errors.

Refractive error is correctable with eyeglasses, contact
lenses, or laser surgery. However, spectacles are the most
cost-effective corrective interventions, especially in countries
where other options are scarce.®!?

There is a visible disconnection between eye care and
refractive services, especially in accessing the appropriate
power for the specific refractive error. For example, because
of lack of appropriate lens power prescribed for patients
presented to hospitals, they are only given a prescription and
are forced to purchase spectacles from the private sector,'
which is likely to be costly.

In Ethiopia, refractive errors account for 33.4% of the
causes of low vision and 7.7% of blindness (followed by
cataract, 49.9%, and trachomatous corneal opacity 11.5%).'
Yet, there is no published evidence on the magnitude and
degree of refractive errors.

The purpose of this study was to determine the prevalence
and degrees of myopia and hyperopia. The findings from the
study help for appropriate planning and stocking of most
demanded lenses.

Materials and methods
Study design and setting

A hospital-based descriptive cross-sectional study was car-
ried out on the records of patients who visited Gondar Univer-
sity Tertiary Eye Care and Training Center from 2010 to 2014.
Gondar University Tertiary Eye Care and Training Center is
situated in Gondar town, Northwest Ethiopia, 730 km from

the capital, Addis Ababa. The eye care center is the major
public facility providing eye care services for the population
within and around the catchment treating an approximate
14 million people. The eye care center provides different
specialty eye care services and training for ophthalmology
and optometry. The specialty areas in the eye care center
include major and minor operation theater, general outpatient
departments, refraction service with optical workshop where
lenses are fit, and glaucoma, pediatric, anterior segment, and
retinal clinics.

Source and study population

The source population was all patients who had visited the
refraction clinic of Gondar University Hospital Tertiary Eye
Care and Training Center from 2010 to 2014. All the records
were retrieved for review, and those records with complete
information for the purpose of the study were included for
analysis.

Inclusion and exclusion

All patients who visited the refraction clinic for refraction
(or those suspected for refractive error) were included in the
study, except in cases where lenses did not improve vision
(at least one line) or where details of the refractive findings
were not recorded. All records with complete information
on subjective refraction result were included. Patients with
refractive errors not corrected with spectacles were excluded
from the study.

Definitions used for the study

Refractive errors were considered based on the spherical
equivalent (SE) as follows: “myopia” of SE < —-0.25 D;
“hyperopia” of SE > +0.25 D, low myopia (< —3.00 D),
moderate myopia (SE —3.00 to —6.00 D), high myopia (SE
< —6.00 D), low hyperopia SE > +0.25 to +2.75 D, moder-
ate hyperopia SE +3.00 to + 5.00 D, and high hyperopia >
+5.00 D. Subjects aged 16 years or younger were considered
as children and those older than 16 years were considered
adults. The subjective refraction result for both eyes was col-
lected and changed into its SE by using the formula: SE =
sphere + ' cylinder.

Data collection tools and methods

Records of 1,921 patients were reviewed by practicing optom-
etrists using a standardized checklist. SE for the subjective
refraction for each eye was calculated. All spherical results
with an SE of £0.25 or more were included for analysis.
Myopia and hyperopia were classified into high, medium,
and low degree for right and left eye after the SE was
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obtained. Those SEs with a “plano value” were considered
as “emmetropia.” Data quality was ensured via training of
data collectors, supervision, and cross checking of 5% of the
records by the principal investigator.

Data management and analysis

The Statistical Package for Social Sciences version 16.0
software (SPSS Inc., Chicago, IL, USA) for Windows was
used to enter and analyze data. The refractive data from
each eye were used separately for analysis. Chi-square and
independent ¢-tests were applied for categorical and continu-
ous comparison tests as appropriate. p<0.05 with 95% confi-
dence intervals (CIs) were considered statistically significant.

Ethical considerations

Ethical clearance was obtained from the research commit-
tee of Gondar University Hospital Tertiary Eye Care and
Training Center. Permission was obtained from the hospital
chief executive office to retrieve patient records. Medical
confidentiality was assured by keeping data with password
protection in a computer that was used only by the princi-
pal investigator. Demographic data such as age and sex of
patients were collected in a standardized data compilation
format. Written informed consent was deemed not necessary
by the research committee of Gondar University Hospital
Tertiary Eye Care and Training Center due to the retrospec-
tive nature of this study.

Results
Sociodemographic characteristics of the
study population

A total of 1,921 records were included in the analysis. One
thousand and one hundred seventy three (61.9%) patients
were males and 748 (38.9%) were females. The male to
female ratio was 1.6:1. The mean age of the study population
was 40%17 years. The average age of males and females was
41£17 years and 37116 years, respectively, which was not
statistically significant (p<0.001). One hundred ten of the
patients were <16 years of age.

Overall prevalence of refractive errors

The overall prevalence of refractive errors was 76.3% (95%
CI: 75%—77%). The prevalence of either myopia or hyperopia
in the right and left eye was 72.7% (1,397) and 72.6% (1,395),
respectively. Among 1,921 study subjects, the prevalence of
refractive error in males and females was 45.8% (879) and
30.5% (586), respectively. Of the cases with refractive error
(n=1,465), 879 (60.0%) were males and 586 (40.0%) were
females (Table 1). However, this difference in refractive status

Table | Sociodemographic characteristics of study population
at Gondar University Hospital Tertiary Eye Care and Training
Center, Northwest Ethiopia, 2014 (n=1,921)

Characteristics Frequency Percent
Sex
Male 1,173 6l.1
Female 748 389
Age (years)
I-10 22 1.1
1120 304 15.8
21-30 349 18.2
3140 298 15.5
41-50 473 24.6
51-60 282 147
61-70 16 6.1
71-80 66 34
81+ I 0.6
Age category
Children 110 5.7
Adults 1,811 94.3

Table 2 Myopia and hyperopia distribution at Gondar University
Hospital Tertiary Eye Care and Training Center, Northwest
Ethiopia, 2014 (n=1,465)

Characteristics Refractive error (myopia and hyperopia)

Number Percent
Sex
Male 879 60.0
Female 586 40.0
Age group (years)
1-10 21 1.4
11-20 284 19.4
21-30 303 20.7
31-40 187 12.8
41-50 293 20.0
51-60 223 15.2
61-70 91 6.2
71-80 53 3.6
81+ 10 0.7
Age category
Children 106 72
Adult 1,359 92.8

was independent of sex ()2 =2.9, p=0.08), but dependent on
the age of the subjects (x> =2.9, p<0.001).

Prevalence and distribution of hyperopia
and myopia
Hyperopia was present in 735 right eyes, representing 38.3%
(95% CI: 37%—40%) of those with refractive error and in 729
left eyes, representing 37.9% (95% CI: 36%—40%). Similarly,
myopia was present in 664 right eyes, representing 34.6%
(95% CI: 33%—-36%) and in 663 left eyes, representing 34.5%
(95% CI: 33%-36%) of the refractive errors.

Hyperopia in the right eye was present in 58.8% (432)
and 41.2% (303) males and females, respectively, while
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myopia was present in 61.6% (409) and 38.4 (255) males
and females, respectively. However, both of these differences
were not statistically significant (p>0.05).

The mean hyperopic SE in the right eye (735) was 1.8611.98
D, ranging from +0.25 to +14.00 D. The mean SE for males
(n=432) was 1.94+2.07 D, ranging from +0.25 to +14.00 D,
while it was 1.74£1.84 D in females (n=303), with a minimum
and maximum of +0.25 to +11.00 D, respectively. However, it
was not statistically significant (z=1.35, df=733, p=0.177). The
refractive power ranged from +0.25 to +14.25 D in the right eye
and from +0.25 to +18.00 D in the left (Table 3).

The mean myopic SE in the right eye (n=662) was
—4.9144.87 D, with a minimum and maximum of —0.25 and
—26.00 D, respectively. The mean myopic SE in the right eye
in males (n=407) was —4.6614.86 D, with a range of —0.25 to
—22.00 D, while it was —5.3144.86 D in females (n=255), with
aminimum and maximum of —0.25 to —26.00 D, respectively.
However, this difference was not statistically significant
(t=1.67, df =660, p=0.095). The hyperopic and myopic mean
SE in the left eye was +1.82£1.99 D, ranging from +0.25 to
+18.00 D and —4.7714.85 D, respectively.

The distribution of hyperopic SE for males in the left eye
was right skewed with a median of +1.25 D (interquartile
range [IQR] of +0.75-2.25 D). The mean myopic SE refrac-

Table 3 Hyperopia in the right and left eye based on SE at
Gondar University Hospital Tertiary Eye Care and Training
Center, Northwest Ethiopia, 2014

Range (D) Right eye (n=735) Left eye (n=729)
Number Percent Number Percent

+0.25 to +0.75 230 31.3 229 31.4
+1.00 to +1.50 220 299 221 30.4
+1.75 to +2.25 117 15.9 132 18.1
+2.50 to +3.00 78 10.7 59 8.1
+3.25 to +3.75 23 3.1 25 3.5
+4.00 to +4.50 18 2.4 18 2.5
+4.75 to +5.25 14 1.9 6 0.8
+5.50 to +6.00 7 1.1 9 1.4
+6.50 to +7.00 2 0.4 2 0.3
+7.50 to +8.00 | 0.1 9 1.2
+8.50 to +9.00 6 0.8 5 0.6
+9.50 to 10.00 4 0.5 4 0.5
+10.50to +11.00 5 0.6 5 0.6
+11.50 to 12.00 6 0.8 4 0.5
+12.50 to +13.00 3 0.4 0 0.0
+13.50 to +14.00 | 0.1 0 0.0
+14.50 to +15.00 0 0.0 0 0.0
+16.00to +17.50 0 0.0 0 0.0
+18.00to +18.50 0 0.0 | 0.1

Abbreviation: SE, spherical equivalent.

tive error in the left eye for males (n=404) was left skewed
with a median of —2.75 D (IQR of —6.00 to —1.00 D).

The most frequent myopic refractive error was in the
range —0.25 to —0.75 D, and the least frequent observed
refractive error in the right eye was in the range of —17.50 to
—18.00 D. The distribution of hyperopia for females’ left eye
was right skewed with a median of 1.25 D (IQR of +0.75 to
+2.00 D), and the distribution of myopia was left skewed with
a median of —3.00 D (IQR of —1.00 to —8.00 D). The refrac-
tive power ranged from —0.25 to —26.00 D and from —0.25
to —17.50 D in the right and left eyes, respectively (Table 4).

Degrees of hyperopia and myopia

Low-degree hyperopia was the most frequently observed
(86%) type of refractive error, while high-degree hyperopia
was observed the least (4.5%). Of the 72.6% patients with
refractive error in the left eye, 34.5% and 37.9% had myopia
and hyperopia, respectively. Low-degree myopia accounted
for 49.5%, followed by high-degree myopia (26.8%) and
moderate-degree myopia (23.7%). The most frequently
observed hyperopia was low-degree hyperopia, accounting

Table 4 Ranges of myopic refractive errors in the right and left
eye at Gondar University Hospital Tertiary Eye Care and Training
Center, Northwest Ethiopia, 2014

Range (D) Right eye (n=662) Left eye (n=663)
Number Percent Number Percent

—0.25 to -0.75 102 15.4 120 18.1
—1.00 to —1.50 118 17.8 106 16.0
—1.75 to -2.25 76 1.5 70 10.6
—2.50 to —3.00 39 59 56 8.4
-3.25t0 -3.75 33 5.0 30 4.5
—4.00 to —4.50 46 6.9 51 77
—4.75 to -5.25 32 4.8 27 4.0
-5.50 to —6.00 35 53 25 3.8
—6.25 to —6.75 9 1.4 7 1.0
—-7.00 to -7.50 17 2.6 22 33
—-7.75 to -8.25 14 2.1 16 2.4
—-8.50 to —9.00 20 3.0 5 0.8
-9.25 to -9.75 4 0.6 17 2.6
—10.00 to —10.50 21 3.2 14 2.0
—10.75 to —11.25 21 32 19 2.9
—11.50 to —12.00 [3 0.9 9 1.4
—12.25 to —12.75 10 1.5 8 1.2
—13.00 to —13.50 7 1.1 13 1.9
—13.75 to —14.25 8 1.2 4 0.6
—14.50 to —15.00 4 0.6 5 0.8
—15.25 to —15.75 5 0.8 3 0.5
—16.00 to —16.50 13 2.0 15 23
—16.75 to —17.25 8 1.1 5 0.8
—17.50 to —18.00 | 0.1 16 2.4
>-18.25 13 2.0 0 0.0
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Table 5 Degrees and types of refractive errors in the left and
right eye based on SE at Gondar University Hospital Tertiary Eye
Care and Training Center, Northwest Ethiopia, 2014

Degree Right eye Left eye
of RE Hyperopia Myopia Hyperopia Myopia
(n=735) (n=662) (n=729) (n=663)
N % N % N % N %
Low 632 860 316 477 634 870 328 495
Moderate 70 9.5 65 250 58 8.0 157 237
High 33 4.5 181 273 37 5.0 178 268

Abbreviations: N, number; RE, refractive error; SE, spherical equivalent.

for 87% (n=634), followed by moderate-degree hyperopia
8% (n=58) and high-degree hyperopia 5% (n=37; Table 5).

Discussion

This study tried to determine the prevalence and degrees of
refractive errors (myopia and hyperopia) at a Tertiary Eye
Care and Training Center in Northwest Ethiopia. To the best
of the authors’ knowledge, there is no documented evidence
on the prevalence and degrees of refractive error at the only
referral Tertiary Eye Care Center in Northwest Ethiopia.
This study, therefore, provided a preliminary report on the
magnitude and degrees of refractive error, which helps to
improve the availability of most demanded lenses for refrac-
tive error correction.

Limitations
Readers of this paper need to be cautious about the certain
limitations of the study. Being a hospital-based record review
study, it has the inherent limitations of secondary data. These
include, but are not limited to, selection bias, poor recording
system, incomplete data, and inconsistencies, limiting the
generalizability of the findings to the population at large.
The selection bias results from the fact that only those with a
complete record of cases were included for analysis. The other
important limitation of this study was that astigmatism, which
affects visual acuity more significantly than spherical refrac-
tive error, was not considered in the analysis. Furthermore,
in this study, SEs were used to identify refractive errors for
analysis. As a result SEs with plano value were considered
as “emmetropia.” This might result in the underestimation of
the result. Notwithstanding the aforementioned limitations,
the results of this study can be used for planning refractive
error services including stocking lenses with the appropriate
power and stocking the most demanded lenses.

Different studies on refractive errors across the globe
differ in the method they use, the definition of refractive

errors, the study population, the way refraction is assessed
(wet versus dry refraction), the cutoff point to consider for
refractive error, study setting, data analysis, and classifying
refractive errors into significant and nonsignificant based
on the cutoff point. These make comparing the findings of
this study with previous studies difficult. Nevertheless, it is
important to make relative comparisons in magnitude regard-
less of the aforementioned cross-cut issues so as to bring the
importance of refractive errors for proper resource allocation
in refractive error intervention in Ethiopia.

In this study, refractive error was observed in 76.3% (95%
CIL: 75%—77%) of the patients, which is higher compared
with findings from Greece (57.0%),® Nigeria (54.3%),'* and
Ethiopia (33.4%).! This variation may be accounted by the
method used, the way refractive error was measured, the
population targeted for the study, and the cutoff point for
refractive errors considered. For example, in the Ethiopian
study, the study was community based with only pinhole
improvement, which undermines high myopia prevalence.
Although the studies in Greece and Nigeria were similar in
study setting to our study (both institution based), the cutoff
point to determine refractive error was set different (refractive
error was considered >1.00 D, while >0.25 D was considered
as refractive error in this study).

The prevalence of hyperopia was 38.3% in the right eye
(95% CI: 37%—40%) and 37.9% (95% CI: 36%—40%) in the
left eye in this study, which is in line with a hospital-based
study in Ghana (33.5% hyperopia and 35.3% myopia)'®
and Malaysia.'¢ However, the prevalence of hyperopia from
this study appears lower than a cross-sectional study from
Iran (51.6%)"' and the north suburbs of Athens, Greece
(42.67%).? These variations may be accounted for by the
variation in the prevalence of refractive errors across dif-
ferent ethnic groups and targeted study population. This
study also showed myopia in 34.6% of right eyes (95% CI.:
33%—-36%) and 34.5% (95% CI: 33%-36%) of left eyes,
which is higher than a report from similar study in Singapore
(34%)." However, it was lower than a finding from Greece
(57%)? and Nigeria.'*

Low-degree hyperopia (86%) followed by moderate-
degree (9.5%) and high-degree hyperopia (4.5%) were the
most frequently observed myopias in this study. This was
consistent with a report from Greece (low hypermetropia:
9.6%, moderate: 3.27%, and high: 1.53%).> Similarly, low-
degree myopia (49.5%) followed by high-degree (26.8%) and
moderate-degree myopia (23.7%) were the most frequently
observed myopias in this study, which is also consistent with
the study from Greece (low myopia: 28.60%, moderate:
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13.47%, and high: 1.20%)* except that high-degree myopia
ranked second in the Greek study. High-degree myopia was
also the most frequent refractive error in Japanese study
(38.9%)."® On the contrary, it was low in Asian patients with
Down syndrome (1.20%)."

The striking variation in the prevalence of refractive
errors in males (60%) and females (40%) in this study was
not statistically significant (%*>=2.9, p=0.08), However, there
is evidence that supports the variation between children and
adults (x*=2.9, p<0.001). This was consistent with previous
studies.!7:20-2

The prevalence of refractive error in this study among
children was 7.1%. This result is consistent with the find-
ing from Cairo, Egypt, (7.1%)? among school children, but
higher than a study from Iran (4%).%* This might be due to
the variation in using the cutoff point for refractive error
determination and the method of determining refractive
errors. For example, in the Iranian study, refractive error
was determined using cycloplegic autorefraction of myopia
(SE £-0.50 D), while in the Egyptian study +0.50 D was
the cutoff point.

The majority of powers prescribed were between +0.25
to 2.25 D and —0.25 to —2.25 D. This is instructive from the
planning point of view for refractive error services. Stock-
ing lenses in this range can serve the need of about 80% of
the population.

Conclusion

This study has shown that refractive error is a common
finding and the reason for presentation to the eye clinic in at
Gondar University Tertiary Eye Care and Training Center. It
has become essential and apparent that planning and stocking
lenses with the appropriate lenses play an important role in
addressing uncorrected refractive error.
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