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Abstract

Background: Eye conditions in children can have negative consequences on visual functioning and quality of life.
There is a lack of data on the magnitude of children with eye conditions who need services for effective planning of
school eye health programmes. To address this, the School Eye Health Rapid Assessment (SEHRA) tool is being devel-
oped to collect data to support school eye health programme planning.

Methods: The module, ‘the magnitude and nature of local needs in school children’is the first of six modules in the
SEHRA tool. The module outlines a school-based cluster survey designed to determine the magnitude of eye health

health

needs in children. This paper outlines the survey sampling strategy, and sample size calculations.

Results: The requirements for the SEHRA survey indicate that in regions where a larger sample size is required, or
where fewer schools are recruited to the survey, confidence in the accuracy of the data will be lower.

Conclusions: The SEHRA survey module ‘the magnitude and nature of local needs in school children’can be applied
in any context. In certain circumstances, the confidence in the survey data will be reduced.
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Introduction

Vision impairment (VI) in children can have long-last-
ing consequences on visual functioning [1], behavioural
development [2] and quality of life [3], with potential
consequences for future economic status [4]. Impor-
tantly, for school-going children, VI can also reduce aca-
demic achievement which contributes to low self-esteem
and confidence [5]. Globally, 70.2 million children aged
0-14 years are vision impaired or blind [6], and uncor-
rected refractive errors (URE) are the leading cause [7-9].
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The main types of refractive error are myopia, hyperopia
and astigmatism.

Mpyopia has been increasing globally, and East Asia is
the most affected region, where the prevalence doubled
between 1987 and 2010 [10], and where up to 90% of
high school graduates have myopia [11]. High degrees of
myopia (< — 6.0D), increases the risk of sight-threatening
conditions later in life such as myopic maculopathy, cho-
rioretinal changes, glaucoma, cataract and retinal detach-
ment [12, 13]. The prevalence of hyperopia is generally
higher than myopia in preschool-age children (<5 years
of age), but this reverses as children become older when
myopia predominates [14]. Children with hyperopia
are also at a greater risk of more difficult-to-manage
conditions such as strabismus and amblyopia [15-17].
Increasing hyperopia of > 3.0D in children impacts visual
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function including a reduction in near visual acuity, near
stereoacuity, accommodative response, and signifi-
cantly reduced performance in literacy testing [18-20].
Early detection of astigmatism in children is also impor-
tant given the increased risk of amblyopia and myopia
[21-23].

Children may also have conditions which usually do not
lead to VI (non-vision impairing conditions). Common
non-vision impairing eye conditions include chronic aller-
gic eye disease [24—27], infectious conjunctivitis [28, 29],
blepharitis [24, 30—32], chalazion [31-33], and strabismus
without amblyopia [24, 34]. These conditions are often
chronic and are associated with reduced health-related
quality of life of both the child and their parents [35], and
often require long-term care and treatment provided by a
trained eye health worker [36].

Globally, more children and adolescents are enrolled in
pre-primary, primary and secondary schools than ever
before, despite the population aged 0—15 years being rel-
atively stable over the last 50 years. On any given school
day prior to the COVID-19 pandemic, one billion chil-
dren were in attendance [37]. However, school enroll-
ment and attendance do not necessarily translate into
effective learning, as good vision is an important require-
ment for effective learning [38, 39]. One approach to mit-
igating the potential impact of VI on learning is to deliver
vision and eye health services through school-based eye
health (SEH) programmes.

Historically, surveys which have estimated the preva-
lence of VI in school children have focused on myopia
and astigmatism, which can be readily detected by meas-
uring distance visual acuity, resulting in fewer data on
hyperopia where distance visual acuity can be normal.
There is also a paucity of prevalence data on non-vision
impairing eye conditions; reporting these eye conditions
is essential for planning, monitoring and evaluation.
Another limitation of the available data is that stand-
ard definitions have not been used, and the studies are
resource and time-intensive [8].

How SEH programmes are delivered and monitored
are also not standardized. The visual acuity level at which
children are classified as screening failures, and whether
one or both eyes are affected, are also not standardized.
In addition, non-vision impairing eye conditions are not
routinely included in SEH programmes, nor is the eye
health of teachers. Lastly, compliance with spectacle wear
is not routinely monitored, and when it has been assessed
was often low [40, 41].

These gaps highlight the need for low-cost, rapid
approaches to generating service delivery data which are
embedded within SEH programmes, to monitor screen-
ing failure, referral attendance, and compliance with
treatment or spectacle wear. Ideally, data systems should
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enable problems to be identified and addressed as they
occur, to improve efficiency.

To address the gaps and inconsistencies outlined above,
the School Eye Health Rapid Assessment tool (SEHRA)
is being developed to support program planners, ser-
vice providers, and funders to inform the planning,
implementation and monitoring of a SEH program. The
rationale for a SEHRA tool is to maximise the effective
allocation of scarce resources and improve the standardi-
sation and effectiveness of SEH programs. The tool will
have six core modules: 1 Assessing the magnitude and
nature of local needs, 2. Human resources, 3. Referral
pathways, 4. Spectacle and medication supply chains, 5.
Barriers and challenges to receiving and adhering with
spectacle wear and other treatments, and 6. Cross-cut-
ting/other priorities.

The purpose of SEHRA module is to provide a stand-
ardised, rapid survey methodology to determine the eye
health needs of school children to support planning and
monitoring SEH programmes. In this paper, the rationale
for the SEHRA sample size calculator for this module are
presented.

Methods

The methods for the design of the SEHRA module
‘Assessing the magnitude and nature of local needs’
involved a number of key steps (detailed in Fig. 1). Expert
consultation with the SEHRA advisory group was under-
taken to determine the core modules for the SEHRA and
essential requirements. The advisory group was com-
prised of 30 members, including key user groups: imple-
menters, funders, researchers, and persons working in
advocacy, strategy, and policy. This consultation included
individual semi-structured interviews, and an advisory
group meeting, this process informed the topics to be
taken into consideration when designing the survey. The
process included a thematic analysis of individual inter-
views [42], and identifying priority areas and content
captured via the use of the Mentimeter tool during the
advisory group meeting (detailed in a forthcoming pub-
lication). A scoping literature search was subsequently
conducted in July 2021, and included a review of all
publications in Google Scholar reporting the prevalence
of eye conditions in school children, using the search
terms: “school children” AND “vision impairment” OR
“non-vision impairing eye conditions” All results were
screened; the inclusion criteria included: 1) school-age
children (6-17 years), 2) the publication reports vision
impairment and/or NVICs. Studies identified were
mapped to the relevant Global Burden of Diseases (GBD)
super region and subsequently ordered according the
highest and lowest prevalence in each super region. GBD
super region was the chosen grouping as it is based on
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Fig. 1 SEHRA framework and formalisation key steps

both gross domestic product and geographical proximity
to produce the seven regional groupings [43].

This paper details a number of SEHRA sample size
calculation models, demonstrating the impact of modi-
fying various sample size calculation inputs. These mod-
els detailed below, were then undertaken to inform the
design of the cluster survey, and to determine the fea-
sibility of a SEHRA survey in the different GBD super
regions. Pragmatic choices were then made regarding the
design of the cluster survey and the activities required to
deliver the survey.

The SEHRA tool is designed for use in all resource set-
tings. This module: ‘Assessing the magnitude and nature
of local needs’ will determine the number of school chil-
dren within a defined region with eye conditions which
require eye care services. This module requires a clus-
ter survey to identify the magnitude of school children
requiring services. The design of the cluster survey,
including the sample size calculator, required multiple
steps outlined below. The time required to conduct the
SEHRA survey will vary depending on the prevalence of

eye conditions in the region as this determines the sam-
ple size.

Step 1: Summarise the prevalence of VI in GBD regions

In order to estimate the highest and lowest number
of school children with eye conditions needing ser-
vices across all GBD regions, a sample size calculation
is required. The first step in designing the sample size
calculator was to identify the highest and lowest preva-
lence estimates of VI in school children in each GBD
region. These data were identified through the scoping
literature search outlined above (see Supplementary
Information, Additional file 1).

Step 2: Estimating the proportion of children with eye
conditions requiring eye care services

Data from studies by He et al. [44] and Rono et al. [45]
were used for the following reasons: across GBD regions,
the two studies were chosen to represent the highest
and lowest prevalence of children with eye conditions
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requiring eye care services, as both studies reported data
on VI and non-impairing conditions. The studies do not
represent the absolute maximum and minimum reported
prevalence of children with eye conditions requiring
eye care services across GBD regions. The causes of VI
included URE and other conditions such as cataract.
Numerators for VI due to URE and other conditions
causing VI were reported separately in the He et al. paper,
and data on non-vision impairing eye conditions requir-
ing services were extracted manually (by PM and JM).
The two numbers were combined to give a total numera-
tor from which the prevalence of conditions requiring
services was calculated. Rono et al. did not report VI due
to other conditions or non-vision impairing eye condi-
tions separately; in determining the numerator for VI due
to other conditions, non-vision impairing data from the
He et al. publication was used to support the calculation
of the estimate.

Step 3: Cluster survey design

The SEHRA survey has a two-stage random cluster sur-
vey design. This approach has been used in other rapid
eye health surveys [46], and is preferable to simple ran-
dom sampling as it is not necessary to enumerate all
school children in the population in advance. Schools are
the primary sampling units, selected using probability
proportionate to their size (number of pupils enrolled). A
sampling frame of eligible schools can be obtained from
the Ministry of Education or other relevant authority.
Within selected schools, a set number of children will
be selected at the second stage of sampling which means
that every child enrolled in school in the sampling area
will have an equal chance of selection. Stratification by
age groups will not be included as the survey is designed
to collect planning data for schools; a sub-group analy-
sis by age can occur following data collection, if required.
No stratification is required at the primary sampling unit
level; however, where feasible an equal number of chil-
dren will be selected across year groups.

Step 4: Estimation of a design effect

It is necessary to apply a design effect (DEFF) to the sam-
ple size to account for the clustered nature of the data
collected. This correction factor is required to allow for a
loss of variation in the sample. A sensitivity analysis was
undertaken to model the anticipated effect of increas-
ing the design effect on the sample size. The true design
effect could be derived from extensive pilot surveys in
the area of interest, or a review of the literature of similar
surveys.
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Step 5: Sample size calculations for different GBD super
regions

Sample sizes for each region were calculated to demon-
strate the sample sizes required to detect two groups of
children who need services. That is, 1) the number of
children that have an eye condition requiring referral
(VI and non-vision impairing eye conditions), and 2) the
number of children that have VI (all causes). The thresh-
old of<6/12 was selected as the World Health Organi-
sation (WHO) defines this level as an unmet need [47],
and most school surveys apply this visual acuity thresh-
old. The following formula was used for the sample size
calculation:

(Z3HP1 - P)
e

where #n = the sample size required; p=the preva-
lence of children with an eye condition; Z? = multiplier
for alpha of 0.05; 4> = desired precision, taken in relative
terms as £ 20% of the prevalence.

Sample size calculations were based on the estimated
prevalence range (3.9-18.9%) of school children across GBD
regions requiring services (Table 2). Other parameters were
as follows: 80% power, 95% confidence interval, a design
effect of 2.0 and a precision of £20% of the prevalence. In
line with the published literature, a 20% non-participation
and absenteeism rate was selected [44, 48—50].

Results

Step 1: Summarise the prevalence of VI in GBD regions
South-East Asia, East Asia & Oceania, and Sub-Saharan
Africa were identified in the scoping literature review as
regions with the highest and lowest estimates for each
GBD region, respectively (Table 1). Sample size calcula-
tions modelled in the remainder of this paper used data
from He et al. [44], and Rono et al. [45] which best repre-
sent the highest and lowest prevalence of VI across GBD
regions.

Step 2: Estimate children with eye conditions requiring
referral

The estimated number of children requiring services
across GBD super regions for both VI and non-vision
impairing eye conditions ranged from 3.9-18.9%
(Table 2).

Step 3: Cluster survey design
The recommended cluster size for SEHRA is 100
children. This was a pragmatic choice based on the
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Table 1 Vision impairment in school-age children (age 6-17 years)
in the GBD super regions

Prevalence of
vision impairment

Global burden of disease super region

(%)

Central Europe, Eastern Europe & Central Asia 197 [511-17" [44]
High Income 1.2 [521-5.2" [53]
Latin America & Caribbean 5.8"[54]1-12.8"[55]
North Africa & Middle East 27" 1561 -8.9" [57]
South Asia 149" [58] -1.7" [59]
South-East Asian, East Asia & Oceania 59" [60]
Sub-Saharan Africa 34'[61]-3.93" [62]

T Presenting visual acuity < 6/12 in the better eye "Presenting visual acuity < 6/12
in the better eye "Presenting visual acuity <6/9 in the better eye 'Presenting
visual acuity <6/9 in the better eye

number of examinations a survey team could fea-
sibly complete in one day. A very large school might
be selected from the sampling frame more than once,
while small schools may not have enough pupils
enrolled to complete one cluster. Given a large cluster
size of 100, if fewer schools are visited, the precision of
the estimate will be lower and will need to be consid-
ered during planning.

Step 4: Estimation of a design effect

The design effect estimated in the SEHRA survey
methodology was derived from a literature search
of design effects applied to a range of cluster sizes

Page 5 of 9

(Supplementary table 1; 2, Additional file 1). Following
the sensitivity analysis, a conservative DEFF estimate of
2.0 was chosen for a cluster size of 100 (Supplementary
table 3, Additional File 1).

Step 5: Sample size calculations for different GBD super
regions

The minimum and maximum sample size required in a
cluster survey to identify school children requiring eye
care services (all eye conditions needing services) is 998
and 5,675, represented by the GBD regions South-East
Asia, East Asia & Oceania (minimum), and Sub-Saharan
Africa (maximum) (Table 3).

Discussion
The reporting of eye health surveys of school children
in the literature is partial and inconsistent which may
impact the reliability of sample size estimates. In addi-
tion, there are only limited published prevalence data
to calculate the number of children requiring services
in any given location. Several references included in
the review were published over 10 years ago, due to
a lack of recent studies. This survey uses a modifiable
approach as opposed to a standardised methodology,
allowing the tool to accommodate to local needs and
resources. However, a modifiable tool is limited in the
extent to which the data collected are comparable.

The wide range in the prevalence of eye conditions
requiring services (VI and non-vision impairing eye

Table 2 Estimated percentage of children (age 6-17 years) requiring services for eye conditions

Global burden of disease super region

Sub-Saharan
Africa” (%)

South-East Asia, East Asia & Oceania” (%)

Vision impairment (total)

Vision impairment due to uncorrected refractive error
Non-vision impairing eye conditions
Total

17.0 20
16.5 0.9

1.9 19
18.9 3.9

" Estimates derived from data contained in the publication by He et al. [44] and Rono et al. [45]

" Data reported was limited to vision impairment due to uncorrected refractive error. An estimate of non-vision impairing eye conditions needing services in Sub-

Saharan Africa was based on the He et al. data [44]

Table 3 Sample size required for surveys in South-East Asia, East Asia & Oceania and Sub-Saharan Africa

Global burden of disease super region South-East Asia, East Asia & Oceania” Sub-
Saharan
Africa’

All eye conditions needing services 988 5675

All causes of vision impairment needing services 1126 10,777"

" Estimates derived from data contained in a publication by He et al.[44] and Rono et al.[45]

* Data reported was limited to vision impairment due to uncorrected refractive error. An estimate of non-vision impairing eye conditions needing services in Sub-

Saharan Africa was based on the He et al. data [44]
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conditions) (3.9%-18.9%) means that the sample sizes
required to give a precise estimate of the prevalence
also vary considerably (from 5,675 to 988). A limita-
tion of this survey design, which has sample sizes large
enough to give precise estimates of the overall eye
health needs of children, is that estimates of a particu-
lar eye condition, such as myopia, will have wider confi-
dence intervals. This means that these sample sizes are
not recommended for epidemiological studies of spe-
cific eye diseases. It is also important to bear in mind
that in settings where the prevalence of eye condi-
tions is low, a rapid assessment of the eye health needs
of children may not be feasible given the large sample
size required, or the confidence intervals surrounding
the estimates will be wide, making it difficult to use the
data for planning.

This methodology has several limitations; first, the
prevalence estimates for GBD regions were not disag-
gregated by primary and secondary school-age children
due to the scarcity of studies available to represent the
highest and lowest prevalence of vision impairment.
Further, confidence intervals for prevalence data and
the number of children needing services were not cal-
culated. When calculating the estimate of children
with non-vision impairing eye conditions, there were
insufficient data from each GBD region to calculate
the estimate for each region, or to estimate differences
between rural and urban areas. Lastly, the precision of
estimates may be limited by the number of schools that
can be sampled for the cluster size of 100. In regions
where fewer schools can be recruited for the survey for
the given level of precision, the estimate of the number
of children requiring services may not reach the desired
level of accuracy and should be considered when using
the data for planning.

In future iterations, the SEHRA tool will include
functionality to examine teachers. The role of teach-
ers is pivotal in health education and promotion in the
school setting [63]. Teachers have an important role in
school eye health programmes, including fostering pos-
itive perceptions surrounding spectacle wear in chil-
dren [64, 65]. Involving teachers in SEH programmes,
such as providing encouragement, and positive model-
ling behaviours surrounding spectacle wear has been
demonstrated to increase adherence to spectacle wear
in school children [66, 67]. Spectacle adherence has
also been associated with improved educational perfor-
mance [68-72].

Conclusion

In summary, the SEHRA tool will provide a solution
to deliver comprehensive school eye health services
to children. The SEHRA survey module ‘Assessing the

Page 6 of 9

magnitude and nature of local needs’ will equip SEH
programme planners with a practical and efficient data
collection tool that will provide critical information
regarding the magnitude of eye health needs in the tar-
get population. The survey will provide useful data for
SEH programme planners and implementers, making
them better equipped to estimate the resources required
to deliver a SEH program, and to decide upon key indi-
cators for use in monitoring the delivery and impact of
SEH programmes, including spectacle adherence. The
application of this tool will support evidence-based SEH
programme design, planning, monitoring and evaluation,
and will be of value to other SEH stakeholders, including
funders, researchers, and policymakers.
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The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-022-13927-x.

Additional file 1: Table 1. Cluster size and design effect reported in
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effect on the sample size.
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