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Abstract 

Background Dry eye is one of the most common ophthalmic conditions and can significantly impact quality of life. 
Meibomian gland dysfunction (MGD) is a major cause of evaporative dry eye.

We sought to conduct a systematic review and meta‑analysis to estimate the prevalence and incidence of dry eye 
and MGD in Central and South America and to identify factors associated with disease burden.

Methods Data sources Ovid MEDLINE and Embase.

Study selection A search conducted on August 16, 2021, identified studies published between January 1, 2010, 
and August 16, 2021, with no restrictions regarding participant age or language of publication. Case reports, case 
series, case–control studies, and interventional studies were excluded.

Data extraction and synthesis The review was based on a protocol registered on PROSPERO (CRD42021256934). 
Risk of bias was assessed in duplicate using a risk of bias tool designed for the purposes of descriptive epidemiological 
studies. Data were extracted by one investigator and verified by another for accuracy. Prevalence of dry eye and MGD 
were grouped based on study participant characteristics.

Main outcomes and measures Prevalence and incidence of dry eye and MGD in Central and South America. Sum‑
mary estimates from meta‑analysis with 95% confidence intervals (CI).

Results Fourteen studies (11,594 total participants) were included. The population prevalence of dry eye was 13% 
(95% CI, 12%‑14%) in Brazil and 41% (95% CI, 39%‑44%) in Mexico based on one study each. Meta‑analyses suggested 
that dry eye prevalence was 70% among indoor workers (95% CI, 56%‑80%; I2, 82%; 3 studies), 71% among students 
(95% CI, 65%‑77%; I2, 92%; 3 studies), and 83% in general ophthalmology clinics (95% CI, 77%‑88%; I2, 88%; 2 studies). 
MGD prevalence ranged from 23% among indoor workers (95% CI, 16%‑31%; 1 study) to 68% in general ophthalmol‑
ogy clinics (95% CI, 62%‑72%; 1 study). No studies reported incidence of dry eye or MGD.

Conclusions This systematic review and meta‑analysis demonstrated considerable variation in the published preva‑
lence of dry eye and MGD among the general population and subpopulations in Central and South America. Local 
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Background
Dry eye disease (DED) is defined as “a multifactorial 
disease of the ocular surface characterized by a loss of 
homeostasis of the tear film, and accompanied by ocular 
symptoms, in which tear film instability and hyperos-
molarity, ocular surface inflammation and damage, and 
neurosensory abnormalities play etiological roles.” [1] Eti-
ologies of DED are classified as aqueous deficient, evapo-
rative, or mixed. Meibomian gland dysfunction (MGD) is 
characterized by an alteration of the tear film lipid layer 
and is a major cause of DED [2]. DED has been shown to 
have significant social and economic burden and adverse 
effects on quality of life around the globe [3–8]. We will 
use the term dry eye to encompass the wide range of both 
symptomatic and clinical presentations of DED.

In 2017, the Tear Film and Ocular Surface Society 
(TFOS) Dry Eye Workshop (DEWS) II Epidemiology 
Report estimated the prevalence of dry eye to be 5% to 
50% worldwide, depending on the study population and 
definition and diagnostic methods used [9]. Many of the 
studies used to determine this estimate studied popula-
tions in North America, Europe, and Asia. Recently, our 
group conducted a systematic review and meta-analysis, 
estimating dry eye prevalence in the United States to be 
8.1% (95% confidence interval [CI] 4.9%-13.1%) [10]. At 
the time of publication of the TFOS DEWS II Epidemi-
ology Report, there were no population-based studies 
south of the equator, leaving significant gaps in knowl-
edge about the global epidemiology of dry eye.

Central and South America had a combined estimated 
population of about 616 million people in 2022 [11]. 
These regions have different socioeconomic and geo-
environmental factors from those of previously studied 
regions, which may affect the magnitude and impact of 
the dry eye burden. Characterizing the prevalence and 
incidence of dry eye in these regions will provide greater 
insight into the population burden of the condition.

The objectives of the current systematic review and 
meta-analysis are to estimate the prevalence and inci-
dence of dry eye and MGD in Central and South America 
and to identify factors associated with disease burden.

Methods
We adapted the methods from a previously registered 
protocol (CRD42021256934) [12] and followed the Pre-
ferred Reporting Items for Systematic Reviews and 

Meta-analyses (PRISMA) and Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE) guidelines for 
reporting [13, 14].

Eligibility criteria
We considered eligible population-based, clinic-based, 
and secondary healthcare database studies that reported 
prevalence or incidence of dry eye or MGD in Central 
and South American countries. We did not exclude stud-
ies based on diagnostic criteria used to define dry eye 
in the studies. We followed guidance from the TFOS 
DEWS-II report to categorize case definitions, includ-
ing: (1) Women’s Health Study criteria (i.e., self-reported 
physician diagnosis and/or self-reported constant or 
often symptoms) [15], (2) symptoms when signs were 
not measured (e.g., measured by the 5-item Dry Eye 
Questionnaire), (3) clinical signs when symptoms were 
not measured (e.g., tear breakup time), (4) combination 
of signs and symptoms (distinct from Women’s Health 
Study criteria), and (5)  MGD (e.g., meibomian gland 
assessment) [9]. We also considered dry eye and MGD 
definitions based on relevant Current Procedural Termi-
nology (CPT) and International Classification of Disease 
(ICD) codes.

We excluded case reports, case series, case–control 
studies, interventional studies, as well as studies reported 
only as abstracts.

Search strategies
In collaboration with an information specialist from the 
University of Colorado Strauss Health Sciences Library, 
we searched Ovid MEDLINE and Embase for stud-
ies published between January 1, 2010 and August 16, 
2021, to provide current estimates of dry eye and MGD 
frequency. We included relevant controlled-vocabu-
lary terms (i.e., medical subject headings in MEDLINE, 
Emtree terms in Embase) and text words (eTable 1). We 
hand-searched the reference lists of included studies.

We searched the Cochrane Eyes and Vision US Satel-
lite (CEV@US) database of systematic reviews on March 
15, 2023, for systematic reviews tagged with condition: 
dry eye and review type: epidemiology – prevalence/
incidence,and reviewed available reference lists of rele-
vant systematic reviews [16]. We also searched the World 
Health Organization site on March 15, 2023, using the 
keywords dry eye and meibomian gland dysfunction. We 
retrieved one systematic review and the World Health 

and subpopulation estimates of dry eye disease burden may be valuable to assist needs assessments and implemen‑
tation of measures to mitigate the condition.
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Organization World Report on Vision, and reviewed 
the reference lists [17, 18]. No additional studies were 
retrieved from any of the reference lists.

Study selection
At both the title/abstract and full-text stages, each record 
was independently screened by two investigators using 
Covidence [19]. Discrepancies were resolved via discus-
sion or with a third investigator as needed.

Data extraction and risk‑of‑bias assessment
One investigator extracted all relevant study character-
istics, methods, and results from each included study 
using a data extraction form developed on the web-based 
platform—Systematic Review Data Repository Plus [20]. 
An independent investigator verified all extracted data 
with discrepancies resolved via discussion or with a third 
investigator as needed. For included studies, two inves-
tigators independently assessed risk-of-bias using a pub-
lished risk of bias tool for the purposes of descriptive 
epidemiological studies [21]. Discrepancies were resolved 
via discussion or a third investigator as needed.

Evaluation of heterogeneity
We summarized study characteristics using evidence 
tables. We investigated clinical heterogeneity by assessing 
demographic characteristics (e.g., age, sex, region, type 
of study population). We assessed methodological het-
erogeneity by evaluating study designs [21]. We assessed 
statistical heterogeneity by estimating the amount of 
between-study variance (τ2) and the contribution of 
between-study variance to the total variability across 
studies (I2) [22, 23]. We also generated 95% prediction 
intervals (PIs) – intervals within which the prevalence 
of a new study would fall if this study were selected at 
random from the same population of the studies already 
included in the meta-analysis.

Meta‑analysis
We used mixed-effects models for meta-analyses of dry 
eye prevalence. We combined dry eye prevalence from 
each study using symptomatic disease definitions. To 
model prevalence, we applied generalized linear mixed-
effects models with a logit link using the maximum 
likelihood approach [24]. We reported the summary 
prevalence and its 95% CIs and 95% PIs. Our primary 
analysis focused on indoor workers, students or general 
ophthalmology clinic-based subpopulations for meta-
analysis. We also extracted factors associated with dry 
eye and MGD from included studies and summarized 
their associations according to their reported odds ratios 
across studies. We did not conduct meta-analyses for 
these associations due to methodological heterogeneity. 

All statistical analyses were conducted using the meta-
for package version 3.8.1 in R version 4.2.2 [25].

Results
Search results
Our original search yielded 11,133 records. We excluded 
11,117 records due to ineligible populations. After 
screening 16 full-text reports, we included 14 studies 
(eFigure 1 in the Supplement). Two full-text reports were 
excluded due to the study population consisting of pre-
existing dry eye disease and neither reported prevalence 
of dry eye disease [26, 27].

Characteristics of included studies
The 14 included studies covered three outcomes: dry eye 
prevalence (n = 13), MGD prevalence (n = 2) and com-
puter vision syndrome prevalence (n = 2) (Table  1) [28–
41]. No studies reported incidence of dry eye or MGD. 
Characteristics of the study populations varied across 
the 14 studies: general population-based (n= 2) [33, 41], 
indoor and outdoor worker populations (n= 3) [28–30], 
student populations (n= 3) [37, 39, 40], and hospital- and 
clinic-based populations (n= 6) [31, 32, 34–36, 38]. Two 
of the hospital- and clinic-based studies were from gen-
eral ophthalmology clinics [35, 36]. Definitions of dry eye 
varied across studies: symptom questionnaires without 
signs and/or self-reported diagnosis (n= 7) [33, 35, 35, 37, 
39–41], symptoms and signs (n= 4) [28, 32, 34, 36], and 
signs alone (n = 2) (Table 2) [31, 38]. The two MGD prev-
alence studies used different diagnostic criteria to define 
MGD: meibum gland quality [36] and MGD stage based 
on meibum gland quality and expressibility [28]. The two 
studies that reported prevalence of computer vision syn-
drome used different symptom questionnaires to define 
the dry eye component: the Ocular Surface Disease 
Index (OSDI) [30] and the 5-item Dry Eye Questionnaire 
(DEQ-5) [37], respectively.

Risk‑of‑bias assessment
Summaries of risk-of-bias assessments for the studies are 
presented in eTable 2. In total eight studies were deemed 
moderate risk of bias [28, 30, 33, 35, 36, 39–41] and six 
studies deemed high risk of bias [29, 31, 32, 34, 37, 38]. 
None of the studies were determined to be representative 
of the national population. Further, studies at moderate 
to high risk of bias were not representative of the target 
population as defined by the primary studies. Studies 
with bias introduced by sampling strategies and response 
rates were also judged to be at moderate to high risk of 
bias.
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Prevalence of dry eye
Although included in the systematic review, we excluded 
from meta-analysis cohorts defined by medical con-
ditions (i.e., diabetes, pregnancy, psoriasis) and their 
controls to focus on the burden of dry eye in general 
ophthalmology clinics. Of the worker populations in 
the included studies, all were indoor occupations except 
for one study of outdoor construction workers. Due to 
the qualitative difference in working environments, we 
excluded the outdoor working cohort from meta-analy-
ses. We conducted an exploratory meta-analysis of sub-
populations exposed to sustained computer use either for 
work or for school.

Prevalence estimates of dry eye among general popu-
lation-based studies were highly variable, ranging from 
13% (95% CI, 12%-14%) in Brazil (aged ≥ 18 years old) 
to 41% (95% CI, 39%-44%) in Mexico (aged ≥ 50 years 
old) (eFigure  2) [33, 41]. Prevalence of dry eye among 

indoor working populations ranged from 56 to 80%, with 
a summary estimate of 70% (95% CI, 58%-80%; τ2 = 0.17; 
I2 = 82%; 95% PI, 47%-86%; 3 studies, 386 participants; 
Fig.  1) [28–30]. Prevalence of dry eye among student 
populations ranged from 65 to 77%, with a summary esti-
mate of 71% (95% CI, 65%-77%; τ2 = 0.06; I2 = 92%; 95% 
PI, 59%-81%; 3 studies, 3,032 participants; Fig. 2) [37, 39, 
40]. Prevalence of dry eye among general ophthalmology 
clinic-based populations ranged from 78 to 87%, with a 
summary estimate of 83% (95% CI, 77%-88%; τ2 = 0.08; 
I2 = 88%; 95% PI, 71%-91%; 2 studies, 2,608 participants; 
Fig. 3) [35, 36]. Prevalence of dry eye among student and 
indoor working populations exposed to sustained com-
puter use ranged from 72 to 80%, with a summary esti-
mate of 77% (95% CI, 75%-79%; τ2 = 0.00; I2 = 0%, 95% PI, 
75%-79%; 3 studies, 386 participants; eFigure 3).

Summaries of the associations with sex, age, ocular and 
medical comorbidities, and medication use are outlined 

Fig.1 Meta‑analysis of the prevalence of dry eye among indoor working populations

Fig. 2 Meta‑analysis of the prevalence of dry eye among student populations
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in eTables 3–5 in the Supplement. Prevalence of dry eye 
appears to be associated with increased age (odds ratio 
[OR] range 1.04–2.02) [31, 33, 35], female sex (OR range 
1.49–3.82) [29, 31, 33, 35, 37, 39, 40], contact lens use (OR 
range 1.12–4.67) [29, 33, 37, 39, 40], and smoking (OR 
range 1.24–1.44) [33, 37, 39]. While generally associated 
with increased dry eye prevalence, there is some incon-
sistent evidence regarding the direction of association 
with computer use (OR range 0.82–1.49) [30, 33, 37, 39]. 
In terms of medical comorbidities, one study reported dry 
eye association with menopause (OR 1.92 [CI 1.37–2.68]), 
connective tissue disorder (OR 1.93 [CI 1.23–3.02]) and 
cancer treatment (OR 3.59 [CI 1.71–7.55]) [33].

Prevalence of MGD and associations
Two studies reported MGD prevalence, which was 
68% among general tertiary eye clinic patients and 23% 
among surgical residents [28, 36]. We observed in both 
studies that dry eye prevalence assessed by the OSDI was 
higher than MGD prevalence. One study (338 partici-
pants) reported risk factors associated with MGD includ-
ing older age (per year, OR 1.07, 95% CI 1.05–1.09), male 
sex (OR 1.7, 95% CI 1.04–2.6), arthritis (OR 7.7, 95% CI 
1.001–59), and anti-hypertensive use (OR 2.7, 95% CI 
1.3–5.7) [36].

Discussion
This systematic review and meta-analysis of Central and 
South American studies published since 2010 estimates 
the prevalence of dry eye to range from 13% (95% CI, 
12%-14%) in Brazil to 41% (95% CI, 39%-44%) in Mexico. 
Considerable statistical heterogeneity prevented mean-
ingful pooling of their results in meta-analysis. Sources of 
clinical and methodological heterogeneity between these 

studies may be attributed to different diagnostic criteria, 
different eligible age ranges, and different geographic 
regions. However, a recent systematic review and meta-
analysis decided to combine these results using a Bayes-
ian approach and provided a pooled prevalence estimate 
for South America of 14.7% [18]. In addition, a study 
published in 2022 reported that the overall prevalence of 
dry eye was 24.4% in adults from Sao Paulo, Brazil, using 
the Women’s Health Study criteria [42]. Our meta-analy-
ses of Central and South American populations showed 
pooled subpopulation estimates of dry eye prevalence 
ranging from 70% (95% CI, 58%-80%) among indoor 
working populations [28–30], to 71% (95% CI, 65%-77%) 
in student populations [37, 39, 40], and 83% (95% CI, 
77%-88%) in general ophthalmology clinic-based popula-
tions [35, 36]. MGD prevalence ranged from 23% among 
indoor workers and 68% among general tertiary eye clinic 
patients [28, 36]. We found no studies of the incidence of 
dry eye or MGD in these regions.

Interestingly, dry eye was highly prevalent among 
younger populations, such as high-school and university 
students, which is consistent with recent dry eye preva-
lence estimates in Caribbean (84%) and Spanish (51%) 
university students [43, 44]. Furthermore, a study pub-
lished in 2021 reported that the overall prevalence of dry 
eye was 59.6% in undergraduate and medical students 
from Sao Paulo, Brazil, using OSDI [45]. These additional 
studies taken together with our meta-analysis, which 
included studies from three countries in Central and South 
America, comprise only a small body of evidence. It is 
worth noting that none our included studies for this sub-
population evaluated local environmental factors, while 
only one study [37] included medical history in the par-
ticipant questionnaire. Therefore, we recommend cautious 

Fig. 3 Meta‑analysis of the prevalence of dry eye among general ophthalmology clinic‑based populations



Page 21 of 23Chen et al. BMC Ophthalmology           (2024) 24:50  

interpretation of these high prevalence estimates and sug-
gest that they warrant further investigation in these and 
other regions. Nevertheless, we surmise that such high 
prevalence estimates of dry eye among student populations 
may stem from prolonged computer or other digital device 
use and contact lens wear. Given increased screen time 
since the COVID-19 pandemic, it is possible dry eye prev-
alence among this population may continue to increase 
[46–48]. Indeed, our meta-analysis of student and work-
ing populations in Central and South America exposed to 
sustained computer use showed that these subgroups have 
relatively high prevalence of dry eye [28–30, 37, 39, 40]. 
Furthermore, most studies that reported an association 
between computer use and dry eye showed higher dry eye 
prevalence with more computer use, although one study 
reported an inverse relationship between computer use 
and dry eye [39]. However, these associations are limited 
by cross-sectional designs of the primary studies and cau-
sality, reverse or otherwise, cannot be determined.

MGD was reported as less prevalent than dry eye in 
one eye clinic-based population and one working popu-
lation [28, 36]. However, without individual participant 
data, we were unable to determine if MGD represented a 
subset of dry eye in these populations or if some cases of 
MGD were asymptomatic.

Risk-of-bias, generalizability, and heterogeneity 
require consideration. The clinical and methodological 
heterogeneity across studies corresponds to the wide 
range of reported prevalence estimates for dry eye, even 
within well-characterized subpopulations. Several stud-
ies used multiple diagnostic criteria to estimate dry eye 
prevalence [36, 37]. Within each of these studies the 
reported estimates varied by the diagnostic criteria. We 
noted poor correlation between prevalence as estimated 
by patient reported symptom questionnaire cutoff values 
compared to self-reported diagnosis, suggesting consid-
erable clinical under-ascertainment of disease among 
university students [37]. For the purposes of meta-anal-
ysis, we selected the result provided by patient reported 
symptom questionnaire cutoff values rather than self-
reported diagnosis in order to minimize methodological 
heterogeneity. Given these findings, and the established 
poor correlation between subjective and objective meas-
ures of DED [49, 50], a set of working diagnostic crite-
ria for DED is necessary for standardization across dry 
eye epidemiological studies. Our attempts to address 
between-study heterogeneity in subgroup analysis by 
population characteristics did not successfully reduce 
statistical heterogeneity. The remaining residual hetero-
geneity may be associated with differential exposure to 
dry eye risk factors within each subpopulation, such as 
duration of computer use [37, 39, 40], and the variety of 
occupational exposures [28–30].

We noted that Mexican populations working in indoor 
environments may have higher prevalence of dry eye 
compared with Mexican construction workers [29]. 
However, these results were taken from a single study. 
Elsewhere, dry eye prevalence was reported to be 51% 
among Chinese coal workers, and duration and levels 
of dust exposure were associated with dry eye [51]. We 
were unable to determine the levels of occupational dust 
exposure in Mexican construction workers in which dry 
eye prevalence was 36%. Local climate-related factors 
(e.g., humidity, temperature, ultraviolet light), pollution, 
altitude, duration of working shifts, and occupational 
protection practices may all influence differences in dry 
eye prevalence among these working populations [48]. 
Also, the highly localized source populations and small 
sample sizes included in our systematic review may limit 
the generalizability and comparability with other popu-
lations. Overall, there is some evidence that dry eye is 
highly prevalent in younger and older South American 
adults and occupational exposures may have an impact.

The prevalence of dry eye was estimated at 11.59% 
worldwide and 8.1% in the United States [10, 18]. Varia-
tions in the prevalence have been noted depending on cri-
terion of symptoms only, TFOS DEWS II criteria, or signs 
only [18]. In our meta-analysis we focused on the preva-
lence of symptomatic dry eye to concentrate on outcomes 
shown to be most important to patients [52]. Dry eye prev-
alence has also been noted to vary dependent on country 
income classification level by the World Bank. Studies 
included in our systematic review reported dry eye prev-
alence for Mexico, Brazil and Chile; According to 2023 
World Bank Classification, Mexico and Brazil are upper-
middle income countries, while Chile is a high-income 
country [53, 54]. Economic status may influence health lit-
eracy, access to care, and burden of chronic conditions and 
it is possible that these factors impact the burden of dry 
eye among Central and South American populations [55].

Study limitations
Our initial search for studies was limited to Ovid MED-
LINE and Embase which aligned with recommendations 
by Cochrane [56]. There could be studies beyond these 
databases, like Scopus and the Latin America and the 
Caribbean literature on health sciences (LILACS) data-
base, that were not searched in our systematic review. 
We recognize that our search strategy was conducted two 
years ago; and we mitigated this by integrating recent lit-
erature into the discussion.

Conclusions
Overall, there is some evidence that dry eye is highly 
prevalent in young and older South American adults 
and occupational exposures may have an impact. 
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Low-cost interventions such as awareness campaigns 
and environmental modifications in university and 
workplace settings to improve local ergonomics could 
mitigate development, progression and complications 
of DED and reduce the evident healthcare burden 
among eye clinics [57, 58]. We recommend cautious 
interpretation of these high prevalence estimates due 
to the enriched populations with respect to risk factor 
exposures and the risk of bias in the primary studies.
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