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Background: Refractive errors (RE) are the leading cause of visual impairment
and blindness worldwide. With ongoing demographic shifts, including
population growth, aging, and lifestyle changes, the global prevalence of RE
is expected to rise. Robust epidemiological data are essential to mitigate their
public health impact. However, in Mexico, comprehensive studies assessing the
burden of RE across age groups and regions are scarce.

Objective: This study aimed to characterize the epidemiological profile of RE
in Mexico using a large outpatient sample, focusing on geographic distribution
and variation by sex and age.

Methods: We analyzed an electronic database of eye examinations from 3.8
million outpatients who attended Salud Digna clinics across Mexico in 2024.
Prevalence estimates were calculated with 95% confidence intervals (Cls), and
statistical comparisons were performed to assess differences by sex and age.
Results: The overall prevalence of RE was 74.61% (95% Cl, 74.57-74.65) with
2,841,067 outpatients affected. Myopia was the most common condition,
affecting 1,469,377 outpatients (38.6, 95% Cl, 38.54-38.64), followed by
hyperopia (1,234,403 affected outpatients, 324, 95% Cl, 32.37-32.47) and
astigmatism (1,205,400 affected outpatients, 31.7, 95% CI, 31.61-31.71).
Astigmatism was significantly more prevalent in males across all age groups
(p < 0.001). Myopia and hyperopia showed similar prevalence between sexes
during childhood and early adulthood, but diverged in later adulthood, with
higher rates of myopia in males (p < 0.001) and hyperopia in females (p < 0.001).
All three RE types exhibited a marked shift in prevalence in the 40-49 age
group. Geographic variation was observed, with central states showing higher
astigmatism and myopia prevalences rates whereas coastal states showed
higher hyperopia prevalence rates. Notably, a large proportion of outpatients
have never undergone an eye examination, indicating substantial gaps in access
to care.

Conclusion: This outpatient-based study provides critical insights into the
epidemiology of RE in Mexico, revealing significant demographic and geographic
disparities. The findings underscore the urgent need for targeted public health
strategies to improve access to eye care services, particularly for underserved
populations and high-risk age groups.
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1 Introduction

Vision impairment arises when an ocular condition impacts the
visual system and one or more visual functions (1). It is estimated that
at least 2.2 billion individuals globally experience vision impairment,
and at least 1 billion cases could have been prevented. Vision
impairment predominantly affects individuals in low- and middle-
income countries and is more common among older populations (1,
2). The increasing population, aging, lifestyle changes, and
urbanization are expected to significantly increase the proportion of
individuals living with ocular conditions, visual impairment, and
blindness in the coming decades, posing substantial challenges to
public health systems (1).

Uncorrected refractive errors are the leading cause of vision
impairment, followed by cataracts, age-related macular degeneration,
glaucoma, and diabetic retinopathy (3, 4). Refractive errors (RE) are
ocular conditions resulting from discrepancies between the eye’s axial
length and its dioptric power, leading to blurry vision (5). There are
three types of RE: myopia, characterized by excessive dioptric power
relative to the eye’s axial length, causing blurry vision of distant objects
(nearsightedness) (6), hyperopia, where insufficient dioptric power
relative to the eye’s axial length results in blurry vision of nearby
objects (farsightedness) (7); and astigmatism, where an irregular
corneal surface causes distorted vision of both near and distant
objects (7).

The most common symptoms of RE include blurry vision,
diplopia, headaches, and asthenopia (8, 9). Given that some of these
symptoms may go unnoticed, regular eye examinations are crucial for
maintaining optimal visual health. RE is diagnosed through eye
examination conducted by vision health professionals. Although RE
cannot be cured, timely detection and professional treatment can
mitigate vision impairment through corrective measures such as
eyeglasses, contact lenses, or ocular surgery (8, 10). Despite the high
cost-effectiveness of eyeglasses as a health intervention, it is estimated
that globally, only 36% of individuals with RE have access to
appropriate eyeglasses (11).

Meta-analyses have estimated that globally, the prevalence of
astigmatism in children (14.9%) exceeds that of myopia (11.7%) and
hyperopia (4.6%), with a similar pattern observed in adults: astigmatism
(40.1%), myopia (26.5%), and hyperopia (30.9%). However, prevalence
rates vary significantly between countries (12). Notably, a global
analysis of RE prevalence indicated a sustained increase in myopia over
time, increasing from 10.4% in 1993 to 34.2% by 2016. East Asia is the
most affected region, with an estimated prevalence of 47% among
adults aged 20 to 29 years (12). Projections estimate that by 2050, more
than 50% of the global population will be affected by myopia (13).

In Latin America, the prevalence of visual impairment associated
with UREs is estimated at 1.4% with 7.2 million people affected (14,
15). In Ecuador, UREs contributed to almost 30% of the total cases of
visual impairment while contributing to 1.4% of blindness in
Colombia, 2.1% in Chile, 2.3% in Brazil, and 5.0% in Venezuela (16).

Significant disparities in the prevalence of RE across different
countries, ethnic groups, and age ranges indicate that both age and
genetic factors contribute to its development. It has been implicated
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that genes involved in light response, light processing, and post-
transcriptional regulation mediate a retina-to-sclera signaling cascade
that may induce a scleral remodeling in response to light stimuli,
influencing the onset of RE development (17, 18), which correlates
with environmental factors, such as reduced exposure to natural light
due to limited outdoor activity and increased near work, which have
also been independently associated with the development of RE (5, 12).

Furthermore, outdoor activities have become increasingly limited.
At the same time, digital screen use dominates both occupational and
recreational time, leading not only to eye strain but also to
musculoskeletal complaints, including neck, shoulder, and back pain
(19). Nevertheless, as stated by Rosenfield et al. (19) “Perhaps it is not
the form of the visual stimulus that matters, but rather factors such as
working distance, gaze angle, and the length of time spent viewing the
display without breaks” Beyond vision impairment, RE have a
substantial social and economic impact, limiting employment and
educational opportunities, and diminishing productivity (1).

The 2020 Population and Housing Census in Mexico reported that
2,691,338 individuals have a visual impairment (20). Additional
studies estimate that 11.01 million Mexicans (8.7% of the population)
are either blind or have a visual impairment, with RE accounting for
2.61 million cases (21). Unfortunately, Mexico lacks a national registry
for individuals with visual health conditions, and existing research has
predominantly focused on school-aged children. There is a notable
deficiency of nationally representative studies encompassing all age
groups and all three types of refractive errors (RE) in relation to the
burden of RE in Mexico. This absence of comprehensive, population-
based research that includes all age groups and RE types hinders the
development of targeted public health strategies.

This study addresses a critical gap by analyzing the largest outpatient
dataset of refractive errors (RE) in Mexico to date, collected from Salud
Digna, a non-profit institution with over 200 clinics nationwide and the
leading provider of eyeglasses in the country since 2015. REs are the
leading cause of vision impairment globally, yet they are among the most
easily preventable and treatable ocular conditions. Uncorrected REs can
progress to avoidable blindness, particularly in underserved populations,
making their detection and correction a key priority for global eye health.

Using data from patients examined in 2024, we present a
comprehensive analysis of RE prevalence stratified by age, sex, and
geographic region. We highlight age-related trends, including a
notable inflection point in the 40-49 age group, and report both
relative and absolute numbers of affected individuals. These findings
aim to inform public health strategies, support screening and
treatment programs, and directly contribute to the WHO’s VISION
2030 initiative, which seeks to reduce avoidable blindness and ensure
universal access to eye care services (1, 22).

2 Methods
2.1 Study population

In a cross-sectional, retrospective study, we examined anonymized
electronic health records from non-cycloplegic eye exams of all
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eligible outpatients who visited Salud Digna clinics across all 32
Mexican states between 1 January 2024 and 31 December 2024.

Our clinics follow a standardized eye examination procedure,
always conducted by a certified optometrist. The process begins with
verifying the patients identity and completing a clinical history
questionnaire. All equipment is meticulously sanitized. If the patient
wears corrective lenses, a lensometry test is performed. The patient’s
interpupillary and nasopupillary distances are measured, and their
uncorrected visual acuity is assessed. A refractometer (AKR550,
WAM 800, Essilor Instruments, Paris, France) is used to evaluate the
individual’s objective refraction. The optometrist then refines the
objective prescription and assesses both distance and near visual
acuity. The results of the eye exam, including any refractive errors and
recommendations for eyeglass materials and usage, are shared with
the patient. If necessary, the patient is referred to an ophthalmologist
or a retinography service.

Data collected during eye examinations, including demographic
information, were included. A unique, standardized, validated survey
was used to collect data from all clinics. Data from the right eye were
used throughout the whole study, and RE were defined as follows:
myopia, <—0.50 diopter (D) spherical equivalent (SE) (6); hyperopia,
>0.50 D SE (7); astigmatism, < —1.00 D cylinder (7).

2.2 Consent for using information,
handling data, and protecting information
privacy

Consent for using information from health records was obtained
in accordance with the Mexican Federal Law on Personal Data
Protection (LFPDPPP, Spanish acronym). Individuals attending Salud
Digna clinics agreed to our privacy policy, which includes the use of
their information for scientific research purposes. Therefore, specific
informed consent from each individual included in this study was not
required, as this research involved a cross-sectional analysis of an
electronic health registry. Data protection and privacy were managed
in accordance with the national laws and guidelines of Mexico. The
data were anonymized by assigning a unique ID code to protect the
individual’s identity and prevent duplication in subsequent analyses.

2.3 Ethical statement

This study was approved by the Ethical Review and Research
Board of Salud Digna (SDI-202503). All methods adhered to the
approved guidelines for clinical management information, the
Declaration of Helsinki, and the national regulations of the country
(Federal Law on Data Privacy Protection). The data were anonymized
for the study.

2.4 Statistical analysis

Descriptive statistical analyses were conducted using Microsoft
Power Query and Microsoft Excel to summarize demographic and
clinical characteristics of the study population. All inferential
statistical analyses were performed in R (version 4.4.0) (23).
Prevalence estimates and age-adjusted prevalence rates of RE were
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calculated using the dplyr package (v1.1.4) and the ageadjust.direct()
function from the epitools package (v0.5-10.1). Age standardization
was performed using the direct method, applying the World Health
Organization (WHO) standard population as the reference to
minimize age-related bias across Mexican states and between
sexes (24).

Exact 95% confidence intervals (Cls) for prevalence proportions
were computed using the binom.exact() function from the epitools
package, which applies the Clopper-Pearson method based on the
binomial distribution. This method was chosen for its accuracy in
estimating Cls for proportions.

Chi-square tests for independence were conducted using the
chisq.test() function from the base stats package to assess associations
between categorical variables. Risk ratios (RRs) and their
corresponding 95% Cls were estimated using the riskratio() function
from the epitools package, which calculates the ratio of probabilities
of the outcome occurring in exposed versus unexposed groups.

To evaluate trends in age-specific prevalence, we applied the
chi-squared test for trend using the prop.trend.test() function from
the stats package. This test assesses whether there is a statistically
significant linear trend in proportions across ordered age groups.

All statistical tests were two-sided, and a p-value < 0.05 was
considered statistically significant.

3 Results

Between 1 January 2024 and 31 December 2024, 3,807,547
individuals underwent eye examinations at Salud Digna diagnostic
clinics. The mean age of the individuals was 42.16 years (SD 19.7); of
these, 2,382,045 were female (62.6%) and 1,425,502 were male
(37.4%). Among the participants, 1,872,681 (49.2%) declared never
having undergone a previous eye examination, and 3,733,240 (98%)
indicated that they had not undergone an ophthalmologic evaluation.
The most common symptom was blurry vision of distant objects,
reported by 2,329,589 individuals (61.2%), followed by blurry vision
of near objects reported by 1,879,567 (49.4%), while 679,827 (17.9%)
reported no symptoms. Additionally, 366,087 and 471,602 (9.6 and
12.4%, respectively) of the overall individuals declared having a
previous diabetes or high blood pressure diagnosis. Table 1
summarizes the characteristics of the individuals included in
this study.

Concerning the overall RE, we found 2,841,067 affected
individuals (74.61, 95% CI: 74.57-74.65), with myopia being the most
prevalent affecting 1,469,377 outpatients (38.6, 95% CI: 38.54-38.64),
followed by hyperopia and astigmatism affecting 1,234,403 (32.4, 95%
CL: 32.37-32.47) and 1,205,400 (31.7, 95% CI: 31.61-31.71)
outpatients, respectively (Figures 1A, 2A, 3A, Supplementary Table 1).
When stratified by compound RE, the prevalence rates were as follows:
simple astigmatism, 3.6% (137,238 outpatients, 95% CI: 3.58-3.62);
myopic astigmatism, 22.2% (846,16 outpatients, 95% CI:22.18-22.26);
hyperopic astigmatism, 5.8% (222,034 outpatients, 95% CI:5.80-5.85);
simple myopia, 16.4% (623,234 outpatients, 95% CI:16.30-16.40); and
simple hyperopia, 26.6% (1,012,395 outpatients, 95% CI:26.54-26.63)
(Supplementary Table 1).

Regarding the national distribution of astigmatism, Tlaxcala
exhibited the highest age-adjusted prevalence affecting 5,147
outpatients (46.3, 95% CI: 44.61-48.13), followed by Estado de
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TABLE 1 Demographic characteristics of the outpatients included in this
study.

Characteristic n %
Sex
Female 2,382,045 62.6%
Male 1,425,502 37.4%
Age 42.16 £19.7
<10 108,986 2.9%
10-19 539,248 14.2%
20-29 566,093 14.9%
30-39 431,070 11.3%
40-49 623,186 16.4%
50-59 725,828 19.1%
60-69 512,225 13.5%
70-79 236,878 6.2%
>80 64,033 1.7%
Previous eye examination
Yes 1,887,759 49.6%
No 1,872,681 49.2%
Missed 47,107 1.2%
Previous ophthalmologic revision
Yes 56,730 1.5%
No 3,733,240 98.0%
Missed 17,577 0.5%
Use of glasses
Yes 1,983,451 52.1%
No 1,776,989 46.7%
Missed 47,107 1.2%
Symptoms
Blurred far vision 2,329,589 61.2%
Blurred near vision 1,879,567 49.4%
Headache 121,474 3.2%
Eye pain 76,123 2.0%
Itchy eyes 30,739 0.8%
None 679,827 17.9%
Diabetes
Yes 366,087 9.6%
No 3,424,308 89.9%
Missed 17,152 0.5%
High blood pressure
Yes 471,602 12.4%
No 3,315,287 87.1%
Missed 20,658 0.5%

Mexico with 235,387 affected outpatients (44.8, 95% CI: 44.58-45.03).
In contrast, Colima and Chiapas showed the lowest age-adjusted
prevalence with 6,284 (21.7, 95% CI: 20.98-22.53) and 16,787 (25.2,
95% CI: 24.57-25.77) affected outpatients, respectively (Figure 1A,
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Supplementary Table 2). When analyzed by sex, males presented a
higher age-adjusted overall prevalence of astigmatism with 516,154
(39.3, 95% CI: 39.17-39.44) affected outpatients than females with
689,246 affected outpatients (32.4, 95% CI. 32.32-32.54)
(Supplementary Table 3). We observed comparable patterns in the
prevalence of astigmatism across sexes with regard to age groups. In
both males and females, the prevalence increased with age, peaking
during the 10-29-year age range (females: 10-19 years, 125,497
outpatients, 39.7 95% CI: 39.6-39.9; 20-29 years, 137,372 outpatients,
38.6 95% CI: 38.5-38.8; males: 10-19 years, 109,822 outpatients, 49.1
95% CI: 48.9-49.3; 20-29 years, 103,576 outpatients, 49.2 95% CI:
49.0-49.4). This was followed by a declining trend, reaching the
lowest prevalence in the 50-59-year age group (females: 86,456
outpatients, 18.4 95% CI: 18.3-18.5; males: 55,793 outpatients, 21.7
95% CI: 21.6-21.9). Thereafter, the prevalence began to rise again,
closely returning to the peak levels observed in early adulthood.
(Figure 1B).

Concerning the national distribution of myopia, Estado de Mexico
exhibited the highest age-adjusted prevalence with 280,488 affected
outpatients at 52.6% (95% CI: 52.37-52.84), followed by Ciudad de
Mexico with 193,529 affected outpatients at 52.5% (95% CI: 52.24-
52.82). In contrast, Sinaloa and Colima showed the lowest age-adjusted
prevalence with 50,497 (32.4, 95% CI: 32.08-32.78) and 8,394 (34.4,
95% CI: 33.45-35.37) affected outpatients, respectively (Figure 2A,
Supplementary Table 2). When analyzed by sex, males presented a
higher age-adjusted overall prevalence of myopia with 577,936
affected outpatients (45.1, 95% CI: 45.01-45.28) than females with
891,441 (43.5, 95% CIL. 43.42-43.66;
Supplementary Table 3). We identified similar age-related patterns in

affected outpatients

the prevalence of myopia among males and females. In both sexes, the
prevalence increased markedly and consistently, reaching a peak in
the 20-29-year age group (females: 239,978 affected outpatients 67.5
95% CI: 67.3-67.6; males: 141,867 affected outpatients, 67.4 95% CI:
67.2-67.6). This was followed by a declining trend, with the lowest
prevalence observed in the 60-69-year age group (females: 40,165
affected outpatients, 12.5 95% CI: 12.3-12.6; males: 32,627 affected
outpatients, 17.2 95% CI: 17.0-17.3). Subsequently, prevalence began
to rise again, although it did not return to the peak levels observed in
early adulthood (Figure 2B).

Regarding the national distribution of hyperopia, Baja California
exhibited the highest age-adjusted prevalence with 88,217 affected
outpatients at 42.1% (95% CI: 41.79-42.49), followed by Sonora with
59,901 affected outpatients at 27.8% (95% CI: 27.5-28.08). In contrast,
Tlaxcala and Puebla showed the lowest age-adjusted prevalence with
2,279 (14.5, 95% CI: 13.68-15.52) and 36,993 (16.6, 95% CI: 16.36—
16.82)  affected (Figure  3A,
Supplementary Table 2). When analyzed by sex, females presented a

outpatients,  respectively
higher age-adjusted overall prevalence of hyperopia with 809,299
affected outpatients (22.4, 95% CI: 22.34-22.48) than males with
425,104 affected outpatients (20.1, 95% CIL 20.87-21.03;
Supplementary Table 3). We observed comparable age-related trends
in the prevalence of hyperopia among men and women. In both sexes,
the prevalence declined with age, reaching its lowest point in the
20-29-year age group (females: 8,360 affected outpatients, 2.4 95% CI:
2.3-2.4; males: 6,029 affected outpatients 2.9 95% CI: 2.8-2.9). This
was followed by a steady increase, peaking in the 60-69-year age
group (females: 218,365 affected outpatients 67.8% CI: 67.6-67.9;
males: 114,473 affected outpatients, 60.3 95% CI: 60.1-60.5). The
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Prevalence of astigmatism in Mexican outpatients. Choropleth map of the age-adjusted prevalence of astigmatism in Mexican outpatients by state (a).
Prevalence of astigmatism in Mexican outpatients by age and sex (b). Trend of age-specific prevalence evaluated with the chi-squared (y2) test for
trend: Females: y2 = 32,353, df = 1, p-value < 0.0001; males: y2 = 34,451, df = 1, p-value < 0.0001. NP, national prevalence.
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Prevalence of myopia in Mexican outpatients. Choropleth map of the age-adjusted prevalence of myopia in Mexican outpatients by state (a).
Prevalence of myopia in Mexican outpatients by age and sex (b). Trend of age-specific prevalence evaluated with the chi-squared (y2) test for trend:
Females: y2 = 353,458, df = 1, p-value < 0.0001; males, y2 = 161,030, df = 1, p-value < 0.0001. NP, national prevalence.
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prevalence began to decline again, although it did not return to the
minimum levels observed in early adulthood (Figure 3B).

4 Discussion

As previously noted, demographic growth, population aging,
lifestyle changes, and increasing urbanization are projected to
substantially elevate the global burden of ocular conditions.
Comprehensive epidemiological research is essential to effectively
mitigate the impact of RE and other vision-related disorders. Such
data can inform the development of targeted public health strategies
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at both the local and national levels, ultimately contributing to a
reduction in the prevalence and impact of these conditions.
Unfortunately, Mexico lacks comprehensive national studies that
encompass all 32 states, all age groups, and all three types of refractive
errors (RE). This research constitutes the most extensive examination
of refractive errors in Mexico to date, utilizing a database that includes
outpatients from every age group and region across the nation. Its
extensive national reach and large sample size provide a detailed and
representative overview of the visual health of the Mexican population,
rendering it a crucial resource for public health decision-making. The
study involved a significant number of outpatients and covered the
entire Mexican territory. By analyzing clinical eye examination data
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Prevalence of hyperopia in Mexican outpatients. Choropleth map of the age-adjusted prevalence of hyperopia in Mexican outpatients by state (a).
Prevalence of hyperopia in Mexican outpatients by age and sex (b). Trend of age-specific prevalence evaluated with the chi-squared (y2) test for trend:
Females, y2 = 110,443, df = 1, p-value < 0.0001; males, 2 = 71,020, df = 1, p-value < 0.0001. NP = national prevalence.
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from Salud Digna, we aimed to map the national distribution of RE
and explore its variations by gender and age. It is important to consider
that our findings are based on an outpatient population. Nonetheless,
the results are intended to aid vision health professionals and
policymakers in crafting strategies to enhance access to eye care
services and to guide policies on screening, treatment, and long-term
management of RE in the future.

4.1 National astigmatism prevalence

In examining the prevalence of astigmatism, our findings indicate
a higher prevalence than the global estimates for children as reported
by Hashemi et al. (12), yet lower than the figures reported for adults
in their study. Within the context of Mexican research, our observed
prevalence of astigmatism surpasses that documented in most
previous studies (25-30), with the exception of Barba-Gallardo et al.
(31), who reported a higher prevalence than that identified in our
study. The observed discrepancies in estimates not only for
astigmatism, but also for myopia, and hyperopia can be attributed to
differences in sample collection, sample size, the definition of
refractive error (RE) employed, as well as genetic and ethnic factors,
complicating direct comparisons of RE prevalence between this study
and prior research. Regarding the geographical distribution of
astigmatism cases, a higher prevalence is noted in the central region
of the country, which is both highly industrialized and densely
populated. Genetic factors, given Mexico’s status as one of the most
ancestrally diverse nations in the Americas (32), alongside
environmental factors, may contribute to these observed patterns.

4.2 National myopia prevalence

In recent decades, there has been a concerning global increase in
the prevalence of myopia, particularly in Asian countries such as
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China, South Korea, and Singapore (13). This trend has been
attributed to factors including rapid urbanization, intensified
educational activities, prolonged use of electronic devices, and
reduced outdoor time. These developments raise public health
concerns due to the risk of high myopia and its associated visual
complications (13).

The prevalence of myopia in our study exceeded the global figures
reported by Hashemi et al. (12) and Holden et al. (13), although it
remained lower than the prevalence recently reported by Honekopp
et al. (33) among German primary school children. In the context of
myopia estimates in Mexico, our findings indicate a higher prevalence
than that documented by previous authors (25-31). As with
astigmatism, these differences in estimates can be attributed to
variations in distinct factors as previously stated.

In line with the geographical distribution of astigmatism cases,
myopia was found to be more common in the central part of the
country. This is expected, as many of the myopia cases identified in
this study also involve astigmatism. Genetic factors might play a role
in these patterns, along with environmental influences such as the
balance between near and distance vision tasks, since outdoor
activities have been shown to significantly delay both the onset and
progression of myopia (34). In Mexico, factors like rapid urbanization,
an aging population, increased screen time, and decreased outdoor
activities may be contributing to the rise in myopia and other
refractive errors. Recent research has connected these factors to
changes in visual behavior, particularly among children and
adolescents, highlighting the importance of considering these
elements in preventive measures (35, 36).

4.3 National hyperopia prevalence
Our study identified a higher prevalence of hyperopia compared to

the global figures reported by Hashemi et al. (12) and Delpizzo et al. (37).
Conversely, when compared to Mexican studies, the prevalence of
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hyperopia in this study aligns with the national estimates provided by
Ramirez-Ortiz et al. (26) for primary school children. This prevalence
exceeds the figures reported by Ortiz et al. (25) for the general population,
slightly surpasses those reported by Teran et al. (27, 28, 30) for school-
aged children (6-18 years), and is marginally below the prevalence noted
by Barba-Gallardo et al. (31) in children. However, it remains higher than
the prevalence reported by Barba-Gallardo et al. (31) in adults.

Similar to astigmatism, the differences in estimates can
be attributed to variations in several factors as previously mentioned.

The analysis of the geographical distribution of refractive errors
(RE) indicated a higher prevalence of hyperopia in coastal states. The
reasons behind the coastal distribution of hyperopia cases warrant
further investigation. As with the geographical distribution of
astigmatism and myopia, genetics may play a role, although there is
significant genetic variation in the Mexican coastal states exhibiting
these patterns (32). Therefore, environmental factors, such as the
frequency of near versus distance vision tasks, might be more
influential, as the Mexican coastal states are less industrialized and
densely populated compared to the central region.

It is important to note that our study encompasses all 32 Mexican
states and includes participants from all age groups. In contrast,
previous studies on the prevalence of RE in Mexico have primarily
been regional in scope, with specific areas underrepresented (25), or
have predominantly focused on specific age groups, particularly
school-aged children. These differences, along with substantial
variations in sample size, may partially account for the discrepancies
between our findings and those of earlier reports. Additionally, it is
worth noting that our study population consists of self-selected
outpatients seeking optical services. In contrast, some previous studies
have employed population-based screening approaches targeting the
general public which may lead to an overestimation in our study.

4.4 RE relation to sex and age

Our investigation into the association between refractive error
(RE), gender, and age revealed that males consistently exhibited a
higher prevalence of astigmatism compared to females across all age
categories. In contrast, the incidence of myopia and hyperopia was
comparable between the sexes during childhood and early adulthood.
However, as outpatients aged, a divergence emerged, with males
demonstrating a greater propensity for myopia and females for
hyperopia. The gender-based differences in refractive error prevalence
may be attributed to hormonal, occupational, and behavioral factors.
For instance, sex hormones may affect ocular biomechanics, while
variations in occupational roles and visual habits between males and
females could account for the increased incidence of myopia in males
and hyperopia in females in older age groups (38-40).

Our findings also suggest a subtle physiological transition in the
visual system beginning in the 30-39 age range, which becomes more
pronounced in the 40-49 age group, where a marked shift in the
prevalence of all three types of RE is observed. This pattern may
be linked to age-related biomechanical changes in the ocular structures.
Notably, previous research has identified two distinct aging-related
metabolomic shifts occurring around the ages of 44 and 60 (41), which
could underline the changes in RE prevalence in the population of the
current study. However, the specific factors and their interactions that
contribute to the observed sex differences, with males exhibiting a
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greater tendency toward myopia and females toward hyperopia in these
age groups, remain poorly understood and require further research.

To further explore sex as a potential risk factor for RE development,
we calculated risk ratios (Supplementary Table 5). Although these
analyses yielded statistically significant results, they should
be interpreted cautiously. The large sample size in our study increased
the likelihood of detecting statistically significant differences, which may
not necessarily reflect clinically meaningful effects. Similarly, chi-square
tests assessing sex-based differences in RE prevalence produced several
statistically significant outcomes (Supplementary Table 6); however,
many of these may be spurious and should also be interpreted within a
clinical, rather than purely statistical, context.

Our research indicates that myopia and astigmatism are highly
prevalent among children and young adults, presenting significant
social and economic challenges by limiting educational achievements,
employment opportunities, and overall productivity (1). Uncorrected
refractive errors constitute a major cause of preventable visual
impairment, adversely affecting academic performance, work
efficiency, and quality of life. Furthermore, the cost of optical
correction can be substantial, particularly for at-risk populations (15,
42). Therefore, it is imperative to implement visual screening
initiatives and public policies that ensure access to affordable eyewear
and strategies to mitigate myopia progression in children.

In contrast, hyperopia was more prevalent in older adults,
representing a substantial burden in this population group. This is
particularly noteworthy, as visual impairment in later life is strongly
associated with reduced quality of life and increased risk of falls and
fractures (43).

4.5 Strengths and limitations

The strength of our study lies in its large, nationally representative
sample, encompassing all 32 states of Mexico, making our findings
highly generalizable and reflective of the Mexican population.
Additionally, the eye examination procedures are standardized across
our clinics and are consistently performed by certified optometrists.

It is important to highlight that the data used in this research were
derived from eye examinations conducted without cycloplegia.
Differences between refractive evaluations with and without cycloplegia
have been reported, as non-cycloplegic assessments might overestimate
myopia and underestimate hyperopia, especially in younger individuals
(44, 45). This variation could potentially lead to bias when determining
the prevalence of these refractive errors in children and young adults.

Additionally, the age recorded in our study corresponds to the
time of the eye examination, which may not reflect the true age at
which the refractive error developed. This could introduce a degree of
reporting bias in the age-related prevalence estimates.

Although data on systemic conditions such as hypertension and
diabetes were collected, they were not analyzed as stratifying variables
due to the primary focus of the study. Future research may explore
these associations in greater depth.

Our study group comprised outpatients who independently
opted to seek diagnostic services at Salud Digna, resulting in a self-
selected cohort that included both insured and uninsured
participants from diverse socioeconomic backgrounds. This self-
selection may introduce potential bias, as these outpatients might
already exhibit symptoms warranting an eye examination, potentially
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leading to an overestimation of the prevalence of refractive errors
compared to the general population. Although this self-selection
presents a possible bias, it is somewhat mitigated by the extensive
data collected, which allows for more detailed analyses under
specific conditions of interest. Therefore, the results derived from the
Salud Digna data should be interpreted with an understanding of
this population, taking into account the inherent selection bias.

4.6 Concluding remarks

Reliable data on RE in Mexico remains scarce, limiting the
development of effective public health strategies. This study provides
a comprehensive overview of the current landscape of RE in the
country, aiming to promote multisectoral collaboration both within
Mexico and in nations with similar cultural and ancestral contexts.

One of the most pressing public health findings is the substantial
proportion of outpatients who have never undergone an eye
examination, revealing critical gaps in access to basic eye care services.
Furthermore, the high unmet need for corrective lenses highlights the
urgency of implementing policies that improve the availability,
affordability, and accessibility of vision screening and eyeglasses.

Addressing these challenges requires coordinated efforts between
public and private sectors. Strategic partnerships can empower
communities by reallocating infrastructure and human resources to
strengthen ophthalmological services and preventive care. These
initiatives should prioritize early detection and treatment of RE and
other visual conditions, especially among the most affected groups
identified in this and other studies, namely, school-aged children and
adults over 40 years of age.

To advance visual health equity, it is essential to integrate eye care
into national public health agendas. Longitudinal studies and population-
based surveys using standardized methodologies are recommended to
monitor the evolution of RE, assess the impact of interventions, identify
emerging risk factors, and guide future policy decisions.
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