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ABSTRACT

In recent years, prevalence of myopia in the world has increased significantly. The aim of this

research work is to consider the combined prevalence of myopia in America, according to the

following categories: age, race, gender, and region. Such research will be done also in harmo-

ny with the reports found in scientific literature. A systematic review of the literature found in

the following databases was carried out: medline, embase, and lilacs. The aim was searching

cross-sectional studies containing myopia prevalence information. To find the combined prev-

alence, the double arc sine method of fixed or random effects by Freeman-Tukey was used. 15

research studies that included 45,349 individuals from the United States, Brazil, and Paraguay,

were identified in the literature; studies of subjects aged 0-96 years old. The prevalence of myopia

varied from 1.2% to 48% with differences between male and female of 18,4% [95% CI: 13.9-22.8]

and 19.8% [95% CI: 18.9-20.7], respectively. The global prevalence of myopia in rural areas

was 1.4% [95% CI: 1.3-1.5], and in urban areas 14.3% [95% CI: 13.3-15.2]. At the same time,

some differences were identified based on race. In the case of the white race 15.4% [95% CI:

14.4-16.3], Afrodescendants 20.6% [95% CI: 19.6-21.5] and other races (Spanish, non-Spanish,

and African American) 2.9% [95% CI: 1.97-3.82]. The lowest figures of myopia prevalence were

identified in rural areas in pre-school children (14.1%). There is, probably, a relationship inuse ~ Keywords: myopia, pre-
and exposure time to electronic items such as screens, in contrast with the development of other  valence, America, meta-

indoor activities as outdoor exposure as an environmental factor to slow myopia. analysis, review.
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RESUMEN

En los dltimos afios, la prevalencia de la miopia en el mundo ha aumentado significativa-

1
o

mente. El objetivo de este trabajo fue identificar la prevalencia combinada de la miopia
en América segun las siguientes categorias: edad, raza, género y regién. Se realizé una
revision sistemdtica de la literatura en las bases de datos Medline, Embase y Lilacs, con el
objetivo de buscar estudios transversales con informacién sobre la prevalencia de miopia.
Para encontrar la prevalencia combinada se utilizé el método de doble arco sinusoidal
de efectos fijos o aleatorios de Freeman-Tukey. Se analizaron 15 estudios que incluyeron
a 45.349 personas de Estados Unidos, Brasil y Paraguay, de 0 a 96 afios. El rango de pre-
valencia varié del 1,2% al 48 % con diferencias entre hombres y mujeres del 18,4 % [IC
del 95 %:13,9-22.8] y el 19,8 % [IC del 95 %: 18,9-20,7], respectivamente. La prevalencia
global en las zonas rurales fue del 1,4 % [IC del 95 %: 1,3-1,5] y en las zonas urbanas del
14,3 % [1C del 95 %: 13,3-15,2]. Al mismo tiempo, se identificaron algunas diferencias
basadas en la raza. En el caso de la raza blanca 15,4 % [IC 95 %: 14,4-16,3], raza negra
20,6 % [IC 95 %: 19,6-21,5] y otras razas (espafiola, no espafiola y afroamericana) 2,9 %
[95% CI: 1,97-3,82]. Las cifras mds bajas de prevalencia de miopia se identificaron en
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Palabras clave: miopfa,  dreas rurales en nifios en edad preescolar. Es probable que exista una relacién en el uso

prevalencia, América, y el tiempo de exposicion a elementos electrénicos como pantallas en contraste con el

metaandlisis, revision.

desarrollo de otras actividades en interiores.

INTRODUCTION

Nearly 22.9% of the world’s population suffers
from myopia, and 2.7% from severe myopia >5D
(1). According to estimates in 2050 prevalence
will reach a 49.8%, which represents an increase
of 911 million people suffering from this refrac-
tive error (2, 3). In America, current prevalence
is estimated in 23%, and the projections for North
America are 42.1%, Central America 34.2%, and
South America 32.4% (1).

By 2016, in urban populations, estimates show a
48% prevalence for America (2), but, in contrast,
other ethnic groups particularly Caucasian have
significant higher rates (3). Studies in the region
show a prevalence of 21.9%, 17.9%, respectively
between this group and Afrodescendants (4). On
the other hand, some reports show important
variations in categories of gender and age, being
women the most affected population with preva-
lence of up to 6% compared to men (4). Respec-
ting age, evidence shows that people between 20
and 30 have a higher incidence of refractive error
(72%) (5). These results might be the consequence
of long term expositions to electronic devices and

short distance view activities, probably due to high
academic activities (6). At the same time, there
is an increase in prevalence of myopia in people
with comorbidities such as glaucoma or cataracts,
especially adults older than 40 years (2, 4). Despi-
te the above mentioned, up to this present date,
there is not consolidated data available respecting
the scope of such variations in America, which
makes it difficult to establish preventive strategic
activities or preventive activities. On the other
hand, keeping into account the region’s diverse
social and geographic heterogeneity, a compre-
hensive assessment of the present conditions of
these populations is required. The purpose
of this research was to compare the prevalence of
myopia in America through a systematic review
of available literature and a meta-analysis.

METHODS

A systematic review of available literature was ca-
rried out searching for national prevalence cross-
sectional studies that were conducted at different
levels —national, regional and local — in the
American continent, which main focus was

the assessment of myopia prevalence.
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SEARCH STRATEGY

An exhaustive search of literature was conduc-
ted from 1990 to 2020 in three medical literatu-
re databases: Medline, Embase and Lilacs, and
the following search strategies were applied for
Medline and Embase ((((“Epidemiology”[Mesh])
OR (“Prevalence”’[Mesh] OR “Cross-Sec-
tional Studies”[Mesh])) OR (“Surveys
and Questionnaires”[Mesh| OR “Health
Surveys”[Mesh])) AND (((“Refractive
Errors”[Mesh]) OR ((myopia®) OR near-sighted-
ness))) NOT Asia*) NOT (“surgery”). In Lilacs
database, the search term was “mesh myopia”. In
both cases, the search was limited to three lan-
guages: English, Portuguese, and Spanish, and to
humans. The research studies that were considered
were those published according to the described
indexation excepting search in grey literature.

SELECTION OF LITERATURE

Two researchers carried out, on an independent
basis, the initial review of article titles and abs-
tracts. In this stage, the contents of each article
were verified in connection with the presentation
of a probable estimation of myopia prevalence in
America. Disagreements respecting final inclu-
sion were settled by consensus. Duplicate articles
were discarded, as well as those not showing pre-
valence of myopia figures directly, nor those not
including risks or rates information. Prospective,
retrospective, or experimental studies, as well as
estimations in institutionalized populations were
not included in this research. Studies without a de-
finite population group, geographical location, age
range, or classification of myopia were excluded.

QUALITY OF ASSESSMENTS AND DATA
EXTRACTION

For quality assessment, the inspection list for
observational studies (AHRQ) was used (7).
The items considered included aspects as popu-
lation definition, eligibility, terms used to iden-
tity individuals, population origin, evaluators

blinding, test verification, analysis of variables
confusion, description and analysis of excluded
individuals, description of data collection, con-

ducted tests, and percentage of incomplete data.

All the literature with an evaluation score greater
or equal to 7 were included in the review (7). For
information extraction, an electronic sheet was
built and fed including information concerning
the author, year of publication, country, age, ethnic
group, the employed refraction method, and the
definition of myopia and prevalence.

DATA ANALYSIS

Studies heterogeneity was assessed by using the
formula y 2 (8). Global prevalence was combined
using the double arc sine method by Freeman-
Tukey through a fixed effect model if the P value
of the test 2 was lower than 0.05. If that condition
was not met, the employed method was one of
random effect (9). Subgroup analyses were carried
out according to age, race, gender, and region.
The findings are exposed in charts of meta-analysis
along with their graphical representation. All the-
se procedures were completed in the statistical
application STATA, 14" Version.

RESULTS

Article search in Medline, Embase and Lilacs
databases yielded a positive result of 12.489 publi-
cations up to the year 2018, and 182 articles out of
that number were potentially eligible. According
to eligibility criteria, 163 articles were excluded,
and 3 articles did not meet quality evaluation
(AHRQ). Finally, 15 articles were included in this
work (Figure 1). Samples included in this review
varied in size: from 476 to 6024 participants and
ages from 0 to 96 years.

The rating method of myopia was through sphe-
rical equivalent (SE), calculated as sphere + half
of minus cylinder. SE <-0.50D was identified in
10 studies and SE <-1.00D in 5 studies; all of
them employed the autorefraction method, and
9 of them used Cyclopentolate at 1% (Table 1).

U1
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Medline: 2405
Embase: 9618
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Lilacs: 466

Excluded by title and/or abstract:

Medline: 2335

> Embase: 9560
Y Lilacs: 412
Potencially Eligible:
Medline: 70
Embase: 58
Lilacs: 54
Excluded by requirements:
indefinite population, geographical location,
refractive method
> and/or myopia classification.
Y Medline: 58
Embase: 51
Lilacs: 54
Medline: 12
Embase: 7
Lilacs: 0
o Excluded by quality evaluation
i Medline: 3
Y Embase: 1
Lilacs: 0
Total: 15 articles
FIGURE 1. Flowchart for articles review
SO[]]'CE: own V\'Ol’k
TABLE 1. Characteristics of included studies
AUTHOR (YEAR) COUNTRY/REGION AGE PopruLATION REFRACTION Myoria Quaviy
METHOD DEFINITION EVALUATION
Giordano L. etal. (2009)'?  USA/ Urban population in LA, 6-71 3990 Autorefractometry SE <-1.00D 8
California months with cycloplegia
Gen Wen et al. (2010)" USA / Urban population in 6-72 6024 Autorefractometry SE <1.00D 9
LA, California months with cycloplegia
Ge Wen et al. (2013)* USA / Urban population 6-72 3008 Autorefractometry SE <1.00D 9
months with cycloplegia
Hendler et al. (2016)" USA / Urban population in LA 3-5 years 1007 Autorefractometry SE <0.50D 8
with cycloplegia
Moraes Ibrahim et al. Brazil / Urban population, 10-15 1590 Autorefractometry SE <0.50D 8
(2013)16 Gurupi, Tocatins years with cycloplegia
Lira R.P. etal. (2014)"7 Brazil / Urban population, 5-18 1100 Autorefractometry SE < 0.50D 8
Campinas years with cycloplegia
Lira R.P. etal. (2017)1% Brazil / Urban population, 6-17 778 Autorefractometry SE <0.50D 7
Campinas years with cycloplegia
Carter M. et al. (2013)" Paraguay / Rural population 5-16 476 Autorefractometry SE <0.50D 7
years with cycloplegia
Signes-Soler I. (2017)% Paraguay / Rural population 3-20 1466 Autorefractometry SE <0.50D 7
years with cycloplegia
Joanne Katz J. etal. (1997)?  USA / Urban population, 40+ years 5028 Autorefractometry SE <0.50D 9

Baltimore

without cycloplegia

CIEN TECNOL SALUD VIS OCUL / VOL. 19, n.° 1 / ENERO-JUNIO DEL 2021 / Pp. 49-58 /15SN: 1692-8415 / 1SSN-e: 2389-8801



AUTHOR (YEAR) COUNTRY/REGION AGE POPULATION REFRACTION Myopiy O
METHOD DEFINITION EVALUATION

Suh-Yub Wu et al. (1999)°  USA / Urban population, 40+ years 4330 Autorefractometry  SE <0.50D 10
Barbados without cycloplegia

Tarczy-Hornoch et al. USA / Urban population, 40+ years 5396 Autorefractometry SE <1.00D 10
(2006)* California without cycloplegia

Rasanamar K. Sandhu etal.  USA/Urban population, Arizona 40+ years 4272 Autorefractometry RE <0.50D 10
(2013)* without cycloplegia

Chen-Wei Pan (2013)% USA 45+ years 4430 Autorefractometry SE <1.00 D 9
without cycloplegia

Schellini S.A. etal. (2009)**  Brazil 30-39 2454 Autorefractometry SE <0.50D 8
years without cycloplegia

Source: own work

In North America, 9 research studies were iden-
tified (USA), in South America, a number of 7
articles (Brazil, Paraguay and Colombia) were
identified. Due to quality standards of the present
study, studies from Central America were not
included.

Respecting myopia prevalence on a global scale
for America, it was estimated a 15.9%. The figures
for North America (USA) were between 0.7% (2)
and 48% (10); while in South America (Paraguay,
Brazil), they oscillated between 1.4% (11) and
29.7% (12). There were some differences between

men and women in myopia prevalence of nearly

2% (18.4% and 19.8%) (Figure 2).

Prevalence of myopia in women

In connection with the reported differences,
both in urban and rural areas, there were 2 im-
portant research studies, one from Paraguay that
reported prevalence of myopia in urban areas as
1.4% [95% CI: 1.3-1.5], while in 8 research studies
from the United States and Brazil, the prevalen-
ce of myopia in rural areas was 14.3% [95% CI:
13.3-15.2] (Figure 3). The prevalence of myopia
in people younger than 20 years of age was 8.9%
[95% CI: 8.0-9.8, while in people older than 20
years of age, it was 26.9% [95% CI: 25.9-27.8]
(Figure 4). Myopia prevalence in white race was
identified in a combined value of 15.4% [95% CI:
14.4-16.3]; black people, 20.6% [95% CI: 19.6-
21.5], and other races (Hispanic, non-Hispanic)

with 2.9% [95% CI: 1.97-3.82] (Figure 5).

STUDY EVENT POPULATION PREVALENCE STANDARD DEVIATION
Joanne J, 1997 1060 5028 21.0 0.006
—
Suh-Yub Wu, 1999 1082 4330 249 0.007
Tarczy-Hornoch, 2006 733 5396 13.5 0.005 i
Global 19.8 0.004
T T T T T T T 1
12 14 16 18 20 22 24 26 28
Prevalence of myopia in men
StupY EvenT PopruLATION PREVALENCE STANDARD DEVIATION &
Joanne J, 1997 1086 5028 21.5 0.006 1w
Suh-Yub Wu, 1999 844 4330 19.4 0.006
Tarczy-Hornoch, 2006 766 5396 14.1 0.005 Ry
Global 18.4 0.004 —_——
T T T T T T
12 14 16 18 20 22

FIGURE 2. Prevalence of myopia in women and men

Source: own \VOI’](

U1
N

Prevalence of Myopia in America: A Systematic Review and Meta-Analysis

CIEN TECNOL SALUD VIS OCUL / VOL. 19, n.° 1 / ENERO-JUNIO DEL 2021 / Pp. 49-58 /1sSN: 1692-8415 / 1sSN-e: 2389-8801



54 Prevalence of myopia in rural areas — 1
STUDY EVENT POPULATION PREVALENCE STANDARD DEVIATION
E Cartes M, 2013 7 476 1.4 0.005 —H
50 Signes-Soler, 2017 22 1466 1.5 0.003
°§ Global 1.4 0.004 )
i ‘ ‘ ‘ ‘
B 0 1 2 3
.g Prevalence of myopia in urban areas
ZZ Stupy EVENT POPULATION PREVALENCE STANDARD DEVIATION
g Giordano L, 2009 123 3990 3.0 0.002 o
2 Wen G, 2010 307 6024 5.0 0.002 o
B >e Wen, 2013 75 3008 2.4 0.002 fs
‘éb Hendler, 2016 211 1007 20.9 0.144 —0—
Qi Moraes I, 2013 49 1590 3.0 0.004 iy
2 Lira RP, 2014 121 1100 11.0 0.010 0
Lira RP, 2017 74 778 9.5 0.011 &
Joanne Katz J, 1997 1070 5028 21.2 0.006 =
Suh-Yub Wu, 1999 948 4330 21.8 0.007 ﬂﬂ
Tarczy-Hornoch, 2006 906 5396 16.7 0.005
Global 14.3 0.004 .
FIGURE 3. Prevalence of myopia in rural and urban areas respectively Lo nnEmma s
Source: own work
Prevalence of myopia in people younger than 20 years of age
STUDY EVENT POPULATION ~ PREVALENCE STANDARD DEVIATION O
Wen G, 2010 72 6024 1.1 0.001 -
Hendler, 2016 211 1007 20.9 0.014 o
Moraes I, 2013 49 1590 3.0 0.004
Lira RP, 2014 121 1100 11.0 0.010
Lira RP, 2017 74 778 9.5 0.011
Global 8.9 0.004
12 4 6 8 10 12 14 16 18 20 22 24
Prevalence of myopia in people older than 20 years of age
STUDY EVENT POPULATION  PREVALENCE STANDARD DEVIATION Tr
Joanne Katz ], 1997 1086 5028 21.5 0.006
Suh-Yub Wu, 1999 900 4330 20.7 0.006 o
Tarczy-Hornoch, 2006 906 5396 16.7 0.005 e
Rasanamar K, 2013 2050 4272 47.9 0.010
Chen-Wei Pan, 2013 1111 4430 25.0 0.007 —A
Shellini SA, 2009 728 2454 29.6 0.010
Global 26.9 0.004 =
—A—
+
1416 18 20 22 24 26 25 30 32 34 36 38 40 42 44 46 48 50
FIGURE 4. Prevalence of myopia in people younger and older than 20 years of age respectively
Source: own work
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Prevalence of myopia in white people

4‘:‘7
STUDY EveNT PopruLATION PREVALENCE STANDARD DEVIATION
Giordano L, 2009 219 3990 5.4 0.003 =
Ge Wen, 2010 226 6024 3.7 0.002 ——
Ge Wen, 2013 12 1007 1.1 0.003 —
Carter M, 2013 7 476 1.4 0.005 .
Global 2.9 0.004
T T T T
0 2 4 6
Prevalence of myopia in black people
—
STUDY EVENT PopruLATION PREVALENCE STANDARD DEVIATION
Joanne Katz ], 1997 995 50028 19.7 0.006 -+
Suh-Yub Wu, 1999 1160 5396 214 0.006
—4—
Global 20.6 0.004
| T T T T 1
15 17 19 21 23 25
Prevalence of myopia in other races
STUDY EVENT PopruLATION PREVALENCE STANDARD DEVIATION a
Giordano L, 2009 123 3990 3.0 0.002
Joanne Katz ], 1997 1070 5028 21.2 0.006
Suh-Yub Wu, 1999 948 4330 21.8 0.007
Global 154 0.004
-4
002 4 6 810121416 15 20 22

FIGURE 5. Prevalence of myopia in white people, black people and other races, respectively

Source: own \VUl’k

DISCUSSION

Given the fact that myopia implies irreversible
anatomic changes that are the consequence of
refractive error progression, a number of research
studies from around the world have reported its
prevalence, particularly in Asia, where the reported
figures are higher (3). Findings in America on the
same topic show values around 16%. In contrast,
the lowest prevalence on myopia was found in
children from the United States younger than 5
years old (1.2%) (13). This finding might be the
result of a physiological emetropization process
during the initial years of life which works as an
anatomic factor for the appearance of myopiain
children (14, 15). At the same time, global prev-
alence of myopia in children younger than 12
years of age was 8.9%. These figures are similar to
those showed in the Hashemi research (6.09%),

in which farsightedness was the most prevalent
refractive error in America (16).

Galvis et al. (2018), in 10 districts of Colombia
(Miopur study) identified a prevalence of 12.9%
being slightly greater in adolescents of 15 years
(14.7%). In our results, the prevalence of myo-
pia in urban regions was greater, reaching 15.7%
(17). In adult populations the results of tests are
potentially affected by the simultaneity of oth-
er diagnoses such as glaucoma or cataracts. For
instance, in patients older than 80 years of age,
myopia prevalence raised up to 55.1% due to the
presence of nuclear cataracts in 42%, glaucoma
in 11%, and ocular hypertension in 13% of the
participants (4). In contrast, according to the find-
ings in Rasanamar studies (2), in the Latin Amer-
ican population older than 40 years of age, where

participants suffering from any ocular illness were

J1
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excluded, myopia prevalence was 48% (2), which
reinforces, on one side, the concept of the degen-
erative nature of the illness in parallel with aging
processes (18). Also, on the other hand, the study
highlights the importance of prevention and care
promotion to counteract, as much as possible, the
effects of high myopia (19). In addition, previous
reports have pointed out to other factors of envi-
ronmental nature (20)controlled trial [RCT], as
well as social, financial and/or cultural kind (21),
that may cause an impact in the occurrence of
this illness. Respecting this research, the results
of this work agree with the previous evidence,
showing higher rates of prevalence of myopia in
urban areas in comparison to rural areas (22). Such
higher difference is related to higher schooling
levels in which population is involved, implying
more near looking activities, and in general the
use of electronic devices for longer periods of
time during the day (23) thus limiting outdoor
activities (24).

Regarding race, there are differences in preva-
lences. For instance, in our results, black race
reported the highest prevalence of this refractive
error with a 20.6%, which harmonizes with the
meta-analysis of global prevalence in childhood
of 19.9% (3). Nevertheless, on a global scale, the
highest prevalence of myopia has been found in
Asian population (90%) (3). This variation has
been linked to a combination of genetic and en-
vironmental factors (25).

In the scope of this review, something that must
be highlighted is the heterogeneity of this report,
and the classification of refractive errors, where
SE is considered from <0.50D up to <1.00D as
classification parameters. The measurement
of these refractive errors might underestimate
or overestimate prevalence figures (3). In addi-
tion, the diagnosis method was not standardized
in all cases, only in some studies cyclopento-
late at 1% was used for diagnosis confirmation,
regardless of current evidence that prescribes
the application of the topical in populations
under 50 years of age, which might be useful

as a reference in order to determine refractive

conditions (26, 27).

Considering the geographical population of the in-
cluded research studies, and in view of the reported
differences, it was only kept into account urban
and rural disaggregation in USA and Brazil, and
rural in Paraguay. At the same time, in Chile,
and Mexico, research works were carried out only
in main cities; nonetheless, these were excluded in
the process of quality evaluation. There is a big
difficulty in recognising the problem in terms of
homogenization, which leads to prevent visibility
in the priority of public agendas, and therefore to
a proper attention at a global scale.

CONCLUSION

In conclusion, this research study has identi-
fied the highest prevalence in US adults from
urban regions. This identification based on race,
region and age might awaken the need of proper
action plans for populations at high risk of being
affected by this health problem.
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