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Abstract: Purpose: Childhood cataracts and strabismus are among the most common causes of visual impairment
in children worldwide, and prompt diagnosis and correction can significantly reduce disease burden. In certain
regions, including the Eastern Caribbean, access to adequate treatment can be limited and epidemiological data
scarce. This study aims to analyze the epidemiological data of pediatric strabismus and cataract cases in St. Vincent
and the Grenadines. Methods: The setting of the study is a clinical practice including 201 patients between the age
of 0 to 19 who received care with World Pediatric Project (WPP). Factors analyzed include patient age, sex, and
type of cataract or strabismus. The findings were compared to publicly available demographic information. Results:
The cases were divided into cataract (n=51), strabismus (n=134), and both strabismus and cataract (n=16). Mean
ages (years) were 5.96, 5.54, and 4.50, respectively. The most frequent type of cataract and strabismus were
congenital (n=25) and esotropia (n=95), respectively. The highest annual cumulative incidence was 31 and 49
cases per 100,000 people for cataracts and strabismus, respectively. Conclusion: This study provides regional
epidemiological data on pediatric strabismus and cataracts. Further studies can expand the patient population by
increasing collaboration with local providers. Ultimately, these findings can offer a basis for which additional epide-
miological studies can be performed and help guide public health efforts to prevent visual impairment in St. Vincent
and the Grenadines.
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Introduction
Pediatric blindness

Cataracts and strabismus are two of the most
prevalent causes of visual impairment among
pediatric ophthalmologic conditions. It is diffi-
cult to assess the incidence of childhood blind-
ness or visual impairment worldwide with preci-
sion. One study estimates 1.4 million children
under the age of 18 have blindness due to any
cause, about 0.06% of the pediatric population,
with 75% of these children residing in Africa or
Asia [1]. An estimated 95 million people of all

ages worldwide are affected by cataracts,
making it one of the most common ophthalmo-
logic conditions in all age groups [2]. In pediat-
ric populations, cataract is a leading cause
of childhood blindness, accounting for 7.4%-
15.3% of pediatric blindness. Pediatric cata-
racts are most commonly idiopathic, but known
causes include hereditary, metabolic, and
infectious etiologies [3]. Children may be born
with cataracts (congenital), or they may acquire
lens opacification from the infancy stage to the
adolescence period of life due to intrinsic fac-
tors (childhood), or cataract development may
arise due to external force (traumatic). With
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access to appropriate screening measures,
blindness related to pediatric cataracts can be
identified early and treated with surgical inter-
vention [3]. Surgical removal of the defective
lens followed by long-term visual rehabilitation
management with a combination of glasses,
contacts lens and/or replacement with an intra-
ocular lens is the mainstay for the treatment of
visually significant cataracts. Children identi-
fied early and treated promptly may have an
excellent prognosis. Unfortunately, access to
appropriate screening and treatment of pediat-
ric cataracts is largely influenced by a country’s
socioeconomic status (SES), and many low-
income countries are disproportionately lack-
ing in access to the necessary screening and
surgical interventions [4].

The exact underlying mechanisms for strabis-
mus development in children is largely unknown
in most cases, however, it is most likely by mul-
tifactorial means related to a combination of
refractive, sensory, anatomic, and innervation
abnormalities. A common sequela is amblyopia
[5], which is the most common origin of monoc-
ular vision loss in children. Treatment for stra-
bismus is aimed at reducing deficits, but many
patients still have visual difficulties even after
treatment [6]. Types of strabismus include eso-
tropia, exotropia, and less commonly hypertro-
pia and hypotropia [7]. Early interventions,
which may involve patching therapy, atropine
eye drops utilization, optical penalization, eye-
glasses and surgical correction [8] are essen-
tial to avoid permanent visual impairment; chil-
dren who are treated before age 7 often have
good outcomes, but children identified and
treated after this age are at significantly higher
risk of having worse visual outcomes, there-
fore early identification is key [9]. In popula-
tions with limited access to healthcare, chil-
dren are less likely to be identified and receive
treatment initiation within this timeframe.
Information about the global prevalence of stra-
bismus is important to begin to reduce the bur-
den especially in resource poor areas [10].

Objectives

Epidemiological studies related to ophthalmic
conditions in St. Vincent and the Grenadines, a
country with an average GDP per capita of
$7,278.00 according to The World Bank (com-
pared to $63,206.50 in the United States), are
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extremely limited [11]. Additionally, there is a
paucity of information concerning childhood
cataract and strabismus and their associated
burden in low or middle-income countries. This
study aims to analyze epidemiological data on
strabismus and cataracts in St. Vincent and the
Grenadines over an 18-year period to assess
the impact of these conditions.

Materials and methods
Study population

The data was collected from 201 patients who
received care through the World Pediatric
Project (WPP) over an 18-year period (2002-
2020) in St. Vincent and the Grenadines.
Patients came from a variety of districts includ-
ing St. George, Charlotte, St. Andrew, St.
Patrick, and Grenadines. The project qualified
for IRB exemption according to 45 CFR 46
and informed consent was waived. Research
was in line with the Declaration of Helsinki as
well as local and federal laws, and study design
ensured compliance with HIPAA.

Data collection

Demographic data including patient age, sex,
cause of cataract, and type of strabismus was
documented and compared to publicly avail-
able information. Patients in the analysis were
divided into cataracts (n=51, 25.4%), strabis-
mus (n=134, 66.7%), or cataracts and strabis-
mus together (n=16, 8.0%). Cataract cases
were further divided into congenital (born with
cataract), traumatic (developed after birth,
before age 19 due to any type of trauma), and
childhood (onset after birth, before age 19 with
no identifiable source of trauma). Strabismus
cases were divided into esotropia, exotropia,
and other. Details regarding individual risk fac-
tors, family history, and associated conditions
were unknown.

Comparison to general population

The annual cumulative incidence of cataracts
and strabismus was calculated per 100,000
individuals between the age of O to 19 using
data available from the UN World Population
Prospects to calculate population size per year
[12]. The cutoff of 19 years was chosen
because the data provided by the UN lists pop-
ulation estimates in five-year ranges.
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Table 1. Annual population estimates of indi-
viduals age 0-19 and number of new cases of
strabismus and cataracts

Population New cataract New strabismus

vear (age 0-19) cases cases
2002 43000 1 0
2003 43000 2 8
2004 43000 4 15
2005 42000 2 10
2006 40000 4 5
2007 40000 1 6
2008 40000 7 13
2009 38000 1 7
2010 38000 4 7
2011 38000 3 6
2012 38000 1 6
2013 37000 3 9
2014 37000 6 6
2015 35000 1 6
2016 35000 11 17
2017 34000 9 10
2018 34000 1 4
2019 33000 3 9
2020 33000 1 6
Results

Of the 201 pediatric patients, 51 (25.4%) had
cataracts only, 134 (66.7%) had strabismus
only, and 16 (8.0%) had both strabismus and
cataracts. The population estimates by year
provided by the UN are summarized in Table 1,
along with the cumulative incidence of cata-
racts and strabismus, gathered from the WPP
database. There was no significant variation
in average age of presentation by year for stra-
bismus, cataracts, or both. The highest inci-
dence of cataract and strabismus was in 2016
for both, with 31.43 and 48.57 cases per
100,000 respectively (11 and 17 total cases,
respectively).

The annual cumulative incidence of cataract
and strabismus per 100,000 is demonstrated
in Figure 1. There was no significant variation
by year in average age of presentation by year
for strabismus, cataracts, or both. The highest
incidence of cataract and strabismus was in
2016 for both, with 31.43 and 48.57 cases per
100,000 respectively (11 and 17 total cases,
respectively).
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Age distribution

The mean age of the patients with pediatric
cataracts was 5.96, with a standard deviation
of 4.07. The mean age of presentation of stra-
bismus was 5.94, with a standard deviation of
4.47. For both presenting together the mean
age was 4.50, with a standard deviation of 4.57
over the 18-year period. The most common age
of presentation was 6 years for cataract and 1
year for strabismus. The distribution of the age
at first presentation for each condition is repre-
sented in Figure 2.

Causes of cataract and subtypes of strabismus

The most common cause of cataracts among
patients in the only cataract group were con-
genital (n=25, 49%), childhood (n=14, 27%)
and traumatic (n=12, 23%) (Figure 3). The most
common type of strabismus in patients with
only strabismus was isolated esotropia (n=87,
65%; n=95 total including combined) followed
by isolated exotropia (n=36, 27%). The other
cases included: esotropia that progressed to
exotropia after surgical correction, Brown’s syn-
drome, hypotropia, and hypertropia (Figure 3).

Gender distribution

Cataract was more common in male than in
female patients, with 38 males (32 cataracts
alone, 6 both) and 27 females (17 cataracts
alone, 10 both). Strabismus had a slight female
predominance, with 67 males (61 strabismus
alone, 6 both) and 79 females (69 strabismus
alone, 10 both). Data on gender identification
was not provided by six patients. The distribu-
tion can be seen in Table 2.

Discussion

Our analysis included 201 patients in Saint
Vincent and the Grenadines treated by the WPP
from 2002-2020. To most accurately report the
information obtained by this analysis, we identi-
fied and analyzed patients with only cataract
findings, only strabismus findings, and both
cataract and strabismus findings.

Age at presentation
Mean age at presentation with cataracts and

strabismus together was 1.5 years earlier than
either condition independently. This may be
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Figure 1. Annual incidence of cataract and strabismus per 100,000 individuals age 0-19 in St. Vincent and the

Grenadines.
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Figure 2. Distribution of age at first presentation for patients with cataract and strabismus.

attributable to an increased urgency in seeking
treatment when both conditions are present. A
retrospective review in Nigeria reported a medi-
an age of presentation of childhood cataract as
4 years, with the median age of initial detection
at 13.5 months [13]. The age of presentation of
strabismus is highly variable, though incidence
peaks around three years of age [14]. A retro-
spective review in Minnesota reported the
median age of diagnosis of all types of strabis-
mus as 4.6, with earlier diagnosis of esotropia
(3.1 years) and later diagnosis of exotropia (7.2
years) [15]. The age of presentation of these
conditions varies significantly by region, and a
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later age of presentation may indicate that chil-
dren in St. Vincent and the Grenadines may
potentially suffer from visual impairments sec-
ondary to cataracts and strabismus for longer
durations before a diagnosis is made and treat-
ment may begin, when compared to pediatric
populations from other studies.

Types of cataract and strabismus
Patients treated by the WPP in the St. Vincent
and Grenadines were more likely to have con-

genital cataracts (49%) than childhood (27%) or
traumatic (24%) cataracts. In patients treated
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Type of strabismus

= Esotropia = Exotropia = Other = Congenital = Childhood

Figure 3. Proportion of different types of strabismus and different causes

of cataract.

Table 2. Gender distribution of strabismus
and cataract

Strabismus Cataract Both
Male 61 32 6
Female 69 17 10
Unknown 4 2 0
Total 134 51 16

for strabismus, there was more than a two-fold
difference in the number treated for isolated
esotropia (65%) compared to isolated exotropia
(27%). The frequency of esotropia and exotro-
pia appears to vary by region, with evidence
suggesting that esotropia may be more com-
mon in Western populations [15], while exotro-
pia may be more common in Asian populations
[16] across all ages.

Gender distribution

There was no significant difference in genders
in either condition; there was a slight male pre-
dominance in the patients treated for cataracts
(38 males:27 females) and a slight female pre-
dominance in those treated for strabismus (67
males:79 females). A study in Ethiopia suggest-
ed a statistically significant female predomi-
nance in strabismus [5]; however, previous
research has indicated little or no significant
difference in prevalence of childhood cataracts
[13, 17] or strabismus [10, 18] between males
and females. It is not possible to draw conclu-
sions about the gender distribution of these
conditions in St. Vincent and the Grenadines
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Cause of cataract

given the relatively small sam-
ple size.

Global incidence

In our analysis, the incidence
of patients treated for cata-
racts ranged from 2.3t0 31.4/
100,000 per year. This hum-
ber excludes any children who
did not present to WPP to
receive treatment for their cat-
aracts. This is higher than the
results of a report on the glob-
al incidence of childhood and
congenital cataracts, which
estimated 1.8 to 3.6/10,000
(0.2-0.4/100,000) cases per
year globally [17]. The inci-
dence of children treated for
strabismus in our analysis ranged from 0.0 to
48.6/100,000 per year. The global prevalence
of strabismus has been estimated to be
between 1.8% and 3.6% among pediatric pati-
ents [10, 19] though there is limited data avail-
able on the global incidence of strabismus
annually, which is likely lower than the reported
prevalence. Additionally, the data from WPP
may underestimate the incidence of strabis-
mus due to a lower number of patients seeking
surgical/medical treatment because of its
more benign symptoms and decreased need
for surgical correction compared to cataracts.

= Traumatic

Resource dependence

The density of ophthalmologists correlates
closely with GDP worldwide, as demonstrated
by an international group of researchers. They
estimate that there are on average 3.7 ophthal-
mologists per million in low-income countries
compared to 76.2 ophthalmologists per million
in high income countries [20]. In addition to
providers, availability of ophthalmic resources
also varies greatly by socioeconomic status
(SES), with a much greater supply of resources
available in regions with higher SES [21]. This
means that people living in regions with lower
GDP may not have access to routine screening
and may not receive prompt care for treatable
ocular conditions, including cataracts and
strabismus.

In addition to higher rates of undiagnosed and
untreated cataracts and strabismus, many
resource-limited countries have higher rates of
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other pediatric conditions leading to visual
impairment including vitamin A deficiency,
infectious agents, and premature birth [22].
Nationally, reports indicate that the prevalence
of childhood cataracts is higher in lower in-
come countries (0.63-13.6/10,000) compared
to higher income countries (0.42-2.05/10,000)
[3]. There is a significantly higher incidence of
vision impairment due to all causes in low-
resource settings, with less access to appro-
priate treatment [4]. Early identification and
treatment is effective in preventing or improv-
ing outcomes for many ophthalmologic condi-
tions, and lack of primary eye care or optical
services leads to unnecessary vision loss that
disproportionately affects countries with lower
resources [23, 24]. Cataract and strabismus
can significantly impact an individual’s disabili-
ty-adjusted life-years (DALY) and areas with
lower SES subsequently have a higher DALY
caused by these conditions [25].

Genetics

Congenital cataracts, when present bilaterally,
are often caused by genetic mutation, and
there have been several hundred specific
pathogenic variants reported to date. These
variants are categorized in various databases,
for example, summarized in real time on Cat-
Map [26], a helpful tool for tracking the discov-
ered pathogenic variants. Many of the known
genetic causes are associated with an autoso-
mal dominant inheritance, though some are
autosomal recessive or X-linked. Cataracts can
manifest solely due to a genetic mutation or
may also be compounded by an environmental
insult [27]. Additionally, cataracts can be an
isolated finding or may occur as part of a syn-
drome, including conditions related to DNA
repair defects. Systemic disease associations
include: Fabry disease, Lowe syndrome, galac-
tosemia, Nance-Horan cataract-dental syn-
drome, and aniridia. Finally, diseases with
impaired chromosomal or DNA synthesis may
cause cataract and these include: WAGRO syn-
drome, Cockayne Syndrome, Prader-Willi syn-
drome, for example [28].

The specific genetic cause of strabismus in
the absence of a structural abnormality of the
brain is not yet well understood. In 2002, con-
genital cranial dysinnervation disorders (CCD-
Ds) were introduced, a group of syndromes
related to problems in the normal development
and connectivity of ocular motoneurons [29].
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The associated genes implicated in CCDD in-
clude PHOX2A, SALL1, SALL4, KIF21A, CHNI1,
ROBO3, TUBB3, HOXB1, and HOXA1. The
improper innervation of the muscles involved in
extraocular movement leads to fibrosis of the
target muscle and presentation of strabismus
[30].

Strengths and limitations

Though the WPP was able to provide care
for many patients in St. Vincent and the
Grenadines, the data is limited by lack of data
on patients treated outside of WPP or patients
not receiving treatment, thereby affecting the
generalizability of our findings. The true inci-
dence is therefore predicted to be higher than
that reported in this manuscript. Further stud-
ies can expand the database by inviting collab-
oration and data sharing between local provid-
ers to curate a more detailed representation of
ocular findings in the region. Regardless, this
analysis provides unique data on the incidence
and demographics of childhood strabismus
and cataractsin St. Vincentand the Grenadines.

Conclusion

There is a significantly higher incidence of
visual impairment in children within regions
with lower SES [4], with less access to the
screening and prevention tools or to the appro-
priate treatment. This is especially important
considering the treatability of these conditions
if provided with the appropriate resources. This
report provides regional epidemiological data
on pediatric strabismus and cataracts, includ-
ing cumulative incidence and common disease
presentations.

Public health efforts aimed at reducing this dis-
parity will help minimize the unequal burden
faced by low- and middle-income countries.
Understanding the rates of strabismus and cat-
aracts in St. Vincent and the Grenadines pro-
vides a starting point for improving access to
care in this country. Ultimately, these findings
along with other analyses will heighten aware-
ness and help guide public health efforts to
combat preventable permanent visual impair-
ment from strabismus and cataracts among
children in St. Vincent and the Grenadines.
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