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ABSTRACT

Introduction Eye diseases and visual impairment more
commonly affect elderly adults, thus, the majority of
ophthalmic cohort studies have focused on older adults.
Cohort studies on the ocular health of younger adults,

on the other hand, have been few. The Raine Study is

a longitudinal study that has been following a cohort
since their birth in 1989-1991. As part of the 20-year
follow-up of the Raine Study, participants underwent

a comprehensive eye examination. As part of the 27-

and 28-year follow-ups, eye assessments are being
conducted and the data collected will be compared

with those of the 20-year follow-up. This will provide an
estimate of population incidence and updated prevalence
of ocular conditions such as myopia and keratoconus,

as well as longitudinal change in ocular parameters in
young Australian adults. Additionally, the data will allow
exploration of the environmental, health and genetic
factors underlying inter-subject differential long-term
ocular changes.

Methods and analysis Participants are being contacted
via telephone, email and/or social media and invited to
participate in the eye examination. At the 27-year follow-
up, participants completed a follow-up eye screening,
which assessed visual acuity, autorefraction, ocular
biometry and ocular sun exposure. Currently, at the 28-
year follow-up, a comprehensive eye examination is being
conducted which, in addition to all the eye tests performed
at the 27-year follow-up visit, includes tonometry, optical
coherence tomography, funduscopy and anterior segment
topography, among others. Outcome measures include the
incidence of refractive error and pterygium, an updated
prevalence of these conditions, and the 8-year change in
ocular parameters.

Ethics and dissemination The Raine Study is registered
in the Australian New Zealand Clinical Trials Registry.

The Gen2 20-year, 27-year and 28-year follow-ups are
approved by the Human Research Ethics Committee of the
University of Western Australia. Findings resulting from the
study will be published in health or medical journals and
presented at conferences.
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Strengths and limitations of this study

» The eye examinations in the follow-ups include
a comprehensive eye imaging and follow stan-
dardised protocols which allow appropriate longitu-
dinal comparison.

» A myriad of measures (eg,cardiovascular, sleep
and activity and genetics) from a multidisciplinary
team have been collected from this sample of young
adults since their prenatal periods.

» The longitudinal nature of the Raine Study has ad-
vantages compared with cross-sectional studies in
terms of inferring causality from its observations.

» Minimising attrition remains a challenge; however,
the dropout rates for the Raine Study have been low
compared with many other longitudinal studies and
improvements in communication technology will al-
low us to better contact participants and schedule
them for visits.

Trial registration number ACTRN12617001599369;
Active, not recruiting.

INTRODUCTION

For most activities in our everyday lives,
such as reading, driving and food prepara-
tion, we require good vision."” When vision
is impaired—a common consequence of
eye diseases—quality of life, mobility and
independence are often impacted.'”" In
the year 2015, approximately 0.5% of the
world population suffered from blindness
(based on presenting visual acuity (VA)
of worse than 6/120), while an additional
3.0% had moderate or severe visual impair-
ment (presenting VA of worse than 6/18 but
better than 6/120).14 Eye diseases and visual
impairment more commonly affect elderly
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adults: 52% of individuals with blindness and 38% with
moderate or severe visual impairment are aged 70 years
or above.'* Thus, the vast majority of ophthalmic cohort
studies have focused on older adults,”” including several
longitudinal studies that followed, or are following, their
respective cohorts through periods of up to 15 years.'**
The findings from such studies have provided reference
figures for the incidence and prevalence of eye condi-
tions or visual impairment in older adults of the general
population,'” 2 2273045 45 \well as the natural progression
of eye diseases.**™"

Prospective cohort studies on the ocular health of
younger adults, on the other hand, have been limited.
This gap in the literature is significant as such studies
would be valuable for delineating the trajectory of
changes in ocular health and biometry from young adult-
hood, when ocular health is expected to be at its peak,
to old age, when eye diseases and visual impairment are
more prevalent. Furthermore, the outcome and impact
of childhood eye conditions should be measured during
young adulthood,” which is when eye conditions that
developed during childhood, such refractive errors, typi-
cally stabilise.

To date, only a handful of longitudinal studies have
been conducted on the ocular health or biometry of
young adults. Kinge et al*** and Jorge et al** followed
a cohort of university students in Norway and Portugal,
respectively, over a 3-year period. These studies reported
on changes in refractive errors, binocular vision and
other ocular parameters in young adults completing a
university degree.””® However, university students are
not representative of the general population of young
adults, especially given the well-established link between
higher education and myopia or longer axial length.”
The Correction of Myopia Evaluation Trial (COMET)
followed over 300 children with myopia aged 6-12
years through to young adulthood, tracking changes in
refractive error, corneal curvature and axial length over
a l4-year period.” Like the Norwegian and Portuguese
studies, the findings from COMET may not be relevant to
the general population given that the participants were
mostly myopic.

The Raine Study

The Raine Study is an ongoing prospective study that
began as a randomised, controlled trial investigating the
value of intensive ultrasound imaging during pregnancy
on the health outcomes of the offspring.” ® Between May
1989 and November 1991, pregnant women presenting at
the public antenatal clinic at the King Edward Memorial
Hospital were recruited to participate in the trial. A total
of 2900 pregnant women enrolled in the study at 16-18
weeks of gestation, from whom, 2868 offspring were
born. Since then, these offspring have been undergoing
a series of medical examinations and completing ques-
tionnaires at various ages; the types of health or medical
measurements and the age at which they were measured
are detailed in Straker et al.”* This randomised controlled

trial thus evolved into a longitudinal study able to investi-
gate how events during pregnancy and childhood affect
health outcomes later in life, and to track changes in
health status through childhood and earl adulthood. This
longitudinal study was initially focused on the cohort born
in 1989-1992 (termed Generation2).*? Later, the chil-
dren (Gen3), parents (Genl) and grandparents (GenO)
of the original cohort have been enrolled as participants
in the Raine Study, forming a multigenerational longitu-
dinal study.

At the 20-year follow-up of the Raine Study, between
2010 and 2012, a comprehensive eye examination was
conducted at the Lions Eye Institute.”® A total of 1344
participants (51.3% man) of the Raine Gen2 completed
the eye examination as well as a detailed questionnaire
on ocular and general health history. Findings from the
eye examinations at the 20-year follow-up allowed us to
characterise the ocular parameters—including optic disc
measures, ocular sun exposure and refractive error®%’—
of healthy young adults, as well as document the systemic,
environmental or genetic factors that could affect these

measures.64—87

Study aims

As a follow-up to the eye examination conducted at the

20-year follow-up, a screening eye test was conducted as

part of the 27-year follow-up of the Raine Study (primarily
focused on cardiovascular health). This is currently being
followed by amore comprehensive eye examination as part
of the 28-year follow-up. The primary aim of the follow-up
studies is to document the longitudinal change in ocular
parameters during young adulthood, with a focus on
refractive error, retinal thickness and optic disc changes.

Changes within a short-term period (1 year; between the

27- and 28-year follow-ups; principally for non-cycloplegic

refraction) and a longer-term (8 years; between the 20-

and 28-year follow-ups) will be determined.
Secondary aims include:

1. To provide updated age- and sex-standardised preva-
lence and incidence estimates of refractive errors, pte-
rygium and other ocular conditions in a population of
young adults.

2. To explore the environmental, genetic and systemic
factors underlying the development or progression of
refractive errors and ocular conditions during young
adulthood.

3. To explore the environmental, genetic and health
factors underlying the changes in ocular parameters
during young adulthood.

This paper describes the rationale and methodology of
the 7-year and 8-year longitudinal eye health assessments
performed at Raine Study 27- and 28-year follow-ups.

METHODS AND ANALYSIS

Study participants recruitment and involvement

Of the original cohort of 2868 Gen2 participants, 1994
have previously given consent to be contacted for review
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Figure 1 Overview of booking and assessment procedure
for the follow-ups.

at the 27-year follow-up and are considered ‘active’. All
active participants were invited to attend an eye screening
during their visit for a cardiovascular health assessment
(figure 1).

For the 28-year follow-up, there are 1985 active partic-
ipants to be contacted and invited to attend a compre-
hensive eye examination and other health assessments
(separate to the eye examination; figure 1). Although the
main aim of the study is to evaluate the change in ocular
parameters between the 20-, 27- and 28-year time periods,
all participants, regardless of whether they attended the
20-year eye health assessments, are invited. There are no
inclusion or exclusion criteria as we also aim to capture
representative data for the general population. An outline
of the booking and assessment procedures for the 27- and
28-year follow-ups is shown in figure 1.

Questionnaire

Participants complete a self-administered questionnaire
online. The comprehensive questionnaire collects infor-
mation on sociodemographics, education, occupation,
physical and mental health, eating habits, smoking,
alcohol and drug use, sleeping habits, as well as medical
history. Questions thatare directly related to ocular health
include (1) ocular history, (2) reading/visual habits and
(3) ocular sun exposure. Ocular history includes infor-
mation on personal and family history of eye conditions,
such as use of spectacles or contact lenses and previous
eye surgery. Reading and other visual habits include time

spent on near work, such as looking at mobile phones,
computer use, reading, writing and the use of other
information technology devices. Ocular sun exposure
questions include time spent outdoors and the use of
sunglasses.

Eye examination

The 27-year follow-up was conducted from June 2016 to
December 2018 at the Raine Study House, University of
Western Australia, Crawley, Australia, and a total of 1084
(age 26-28 years old, 50.7% women) underwent the eye
screening. The eye screening took about 20 min for each
participant to complete.

Study data collection for the 28-year follow-up was
started in April 2018 and was planned to run for 24
months. The eye examination is conducted at the Lions
Eye Institute, Perth, Australia and takes about 1.5 hours to
complete. The description of each test is further detailed
below, and the list of eye tests performed at the 27-year
and 28-year follow-ups is shown in table 1.

VA measurement and autorefraction

Presenting distance VA is measured monocularly using a
modified Early Treatment of Diabetic Retinopathy Study
(ETDRS) logMAR-style chart (Precision Vision, Wood-
stock, Illinois, USA) and recorded in Snellen notation.
Participants wear their habitual distance visual correction
(if any) and are encouraged to read the smallest line they
can see. Pinhole VA is then measured for each eye regard-
less of the level of their presenting VA. Pre-cycloplegic
autorefraction/autokeratometry ~ (Nidek  ARK-510A,
NIDEK Co., Japan) is then conducted and repeated at
least 20 min after instillation of tropicamide 1% (see
Tonometry and mydriasis).

Conjunctival ultraviolet autofluorescence (CUVAF) and eye colour
photography
To obtain objective measures of ocular sun exposure,
CUVAF images of the nasal and temporal bulbar conjunc-
tiva are taken using a digital camera (Nikon D100 digital
camera, Tokyo Japan) with a 105 mm 147 £/2.8 Micro
Nikkor lens (Nikon, Melville, New York, USA) fitted with
a UV filter (B+W 486 UV IR filter, Schneider Kreuznach,
Bad Kreuznach, Rhineland-Palatinate, Germany). This
camera system is additionally fitted with two external
electronic Metz 36 C-2 flashes (Metz, Zirndorf, middle
Franconia, Germany) with UV transmission Wratten glass
filters over the flash heads, such that the transmission
of the flashes is mostly in the UVA range (300-400 nm,
peak of 365 nm). Images are taken in a dark room to
ensure that only UV fluorescence is recorded. The area
of CUVAF for each participant is than quantified offline
using a previously validated MATLAB program.™
Close-up and high-resolution colour photographs of
each of the participants’ eyes are taken using a Nikon
D1000 digital camera (Tokyo, Japan) with a 105 mm
147 £/2.8 Micro Nikkor lens (Nikon, Melville, New York,
USA). Three images are taken for each eye: nasal and
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Table 1 Outline of ocular tests performed at the Raine
Study follow-ups

20-year 27-year 28-year
(Mar 2010- (Jun 2016- (Apr 2018-
Feb2012)  Dec2018)  Apr 2020)
Questionnaire  + V vV
Visual acuity v vt vt
Vernier acuity \
Contrast N
sensitivity
Colour vision \
Orthoptic \
assessment”
Pre-cycloplegic  +/ \ N
autorefraction
Spectacle lens  +/ A Vi
measurement
Eyelid position  +/
photography
CUVAF Vv Vv Vv
photography
Eye colour v V )
photography
Ocular biometry v v
Eyelash length  +/
measurement
Tonometry \V v
Mydriasis v Vit
Fundus \V Naps
photography
Retinal \
tomography
OCT Vv Vi
OCT-A Nes
Specular N
microscopy
Anterior segment +/ \
topography
Cycloplegic Vv V

autorefraction

*Includes cover test, ocular motility, stereoacuity, and tests for
ocular dominance, nystagmus and microtropia (four dioptre prism
test).

TPerformed using different equipment from the 20-year follow-up.
FPerformed while awaiting full pupil dilation after instillation of
mydriatics.

CUVAF, conjunctival ultraviolet autofluorescence; OCT, optical
coherence tomography; OCT-A, optical coherence tomography
angiography.

temporal conjunctiva, plus an iris-centred photo (primary
gaze). These images are used to assess for the presence of
pterygia, pinguecula and other conjunctiva or abnormal-
ities, as well as document eye colour.

Ocular biometry

AnIOLMaster V.5 (Carl Zeiss Meditec AG, Jena, Germany)
is used to obtain measurements of axial length, white-
to-white corneal diameter, keratometry and anterior
chamber depth. As per the standard IOLMaster built-in
protocol, the mean of five axial length measurements
will be used for analyses. Erroneous measurements (eg,
extremely high or low values that may be caused by subject
movement) and measurements that fall outside one SD of
the mean are removed from the computation. The system
automatically computes the mean of three keratometry
and six anterior chamber depth measurements, while two
to three white-to-white measurements are taken and the
median of these is recorded.

Tonometry and mydriasis

Intraocular pressure (IOP) is measured with an ICare
rebound tonometer (Icare TAOIli Tonometer, Icare
Finland Oy, Helsinki, Finland). The ICare automatically
takes six IOP measurements and discards the highest and
lowest readings. The average of the four remaining read-
ings is then recorded as the final IOP. As per the ICare
tonometry protocol, IOPs are re-measured if the instru-
ment displays an error sign on the final IOP reading
or if the IOP is greater than 21 mm Hg.*®* Following
tonometry, participants’ eyes are topically anaesthetised
(one drop proxymetacaine hydrochloride 0.5%) prior to
mydriasis (one drop tropicamide 1.0%). While awaiting
full pupil dilation, fundus photography, optical coher-
ence tomography (OCT) and OCT-angiography (OCT-A)
are performed. If full dilation is not achieved after 20
min, another drop of tropicamide is instilled.

Posterior segment: fundus photography and OCT

A fundus photograph of each eye is taken using a wide-
field scanning laser device (California, Optos, Dunfer-
mline, UK), which has a resolution of 20 pm and able to
capture up to a 200° view of the funds even through an
undilated pupil. A spectral-domain OCT (SD-OCT; Spec-
tralis HRA+OCT, Heidelberg Engineering, Heidelberg,
Germany) is used for high-resolution imaging of the optic
disc and central retina in both eyes. Prior to imaging,
autokeratometry data are entered to correct for ocular
magnification effects. The instrument’s eye-tracking soft-
ware is used to minimise the effects of eye movements.
The protocol for the SD-OCT imaging for each eye is as
follows:

a. Disc-centred scans

- Forty-nine-line raster scan of a 15°x10° area. The
average of nine frames for each B-scan is used to
improve quality.

- Peripapillary retinal nerve fibre layer (RNFL) thick-
ness measurements. A circular B-scan of the peri-
papillary RNFL is taken along a 3.5 mm-diameter
(~12°) circle.

- Optic nerve head radial and circle (ONH-RC) scan.
Forty-eight equidistant (7.5° spaced) radials and
three circle B-scans are obtained. Each radial B-scan
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is averaged from 25 frames and spans 4.7 mm. The
three circular B-scans are 3.5 mm (~11.5°-12.5°),
4.1 mm (~13.5°-14.5°) and 4.7 mm (~15.5°-16.5°)
in diameter, respectively, and each of these are av-
eraged from 100 frames. Prior to starting the scans,
the ONH-RC programme automatically detects the
foveal and Bruch’s membrane opening positions.
The examiner checks and, if necessary, manually
corrects the positions of these landmarks.
b. Foveal-centered scans

- Thirty-one-line raster scan of a (30°x25°). Each B-
scan is averaged from nine frames.

- Enhanced depth imaging of the macular. A hori-
zontal and vertical line scan centred on the fovea is
taken for each eye. Each B-scan spans about 8.6 mm
(~30°) and the average of 100 frames for each scan
is recorded for analysis.

OCT angiography

An RTVue XR Avanti system (V.2016.1.0.26; Optovue,
Fremont, California, USA) is used to image a 3x3 mm
square centred on the macular and a 4.5x4.5 mm square
centred on the optic disc in both eyes. The instrument
utilises a superluminescent diode light source with
central wavelength of 840 nm (bandwidth 45 nm) to
acquire axial resolution of 5 pm in tissue. The OCT-A
scanning speed is 70 000 A-scans per second. A split-
spectrum amplitude-decorrelation angiography (SSADA)
algorithm is utilised to generate an OCTA map of the
retinal vasclature.” For each scan, a horizontal-priority
(fast-X) scan and a vertical-priority (fastY) scan are
acquired, which is combined to generate one scan by the
Optovue software three-dimensional orthogonal registra-
tion software (Motion Correction Technology; Optovue)
to reduce motion artefacts.

In a subset of participants, OCT-A is also acquired using
SD-OCT (Heidelberg Spectralis HRA+OCT as above).
The axial resolution of the Spectralis system is 3.9 pm
and proprietary software (Projection Artifact Removal)
is used to reduce noise. A 3x3 mm acquisition window
centred on the fovea is recorded.

Anterior segment topography

An OCULUS Pentacam (software V.6.08r27; OCULUS
Optikgerate GmbH, Wetzlar, Germany) is used to obtain
tomography images of the cornea, anterior chamber and
crystalline lens. The system uses a rotating Scheimpflug
camera to collect elevation data from 25 000 points on
the cornea to construct a three-dimensional image of the
anterior segment.

Non-ocular measures of sun exposure

In addition to CUVAF and eye colour photography, serum
concentration of 25-hydroxy vitamin D [25(OH)D] is
used as a measure of recent ultraviolet radiation expo-
sure. Blood samples are collected in serum separation
tubes during the cardiovascular health assessment and
the serum is separated and stored at -80° for 25(OH)D

analysis. Two surrogate measures of cumulative sun expo-
sure are used. First, the number of melanocytic naevi on
the right arm of each participant is counted by trained
examiners using a standardised protocol.”’ Second, a cast
of the skin on the back of the right hand is taken using a
silicone mould. To assess the level of actinic skin damage,
and hence past sun exposure, the skin mould will be
graded according to previously described criteria.”

Definitions of refractive errors

As the definition of myopia varies across studies, for
the purpose of comparison to our figures in the 20-year
follow-up®® myopia and high myopia are defined as
spherical equivalents of <-0.50 dioptres (D) and <-6.00
D, respectively. To allow comparisons with other studies,
myopia and high myopia are additionally defined as
spherical equivalents of <-0.50 D and <-5.00 D, respec-
tively, as these are the most commonly used thresholds in
studies.” ** Hypermetropia and high hypermetropia are
defined as spherical equivalents of 2+0.50 D and +5.00
D, respectively.”” ® Astigmatism is expressed in minus
cylinder, and is considered clinically significant if it is
21.00 D. Given that refraction without cycloplegia may
result in underestimation of refraction in some young
adults, especially in hyperopic eyes by about 1 D,” refrac-
tive errors are determined based on the cycloplegic
autorefraction.

Patient and public involvement

Participants were not invited to comment on the study
design and aims or to interpret the findings, contribute
to the writing or editing of this document.

Statistical analysis

Data available for participants who complete the 20- and
28-year follow-ups will be included in the analysis for the
8-year longitudinal change in ocular parameters and inci-
dence of eye conditions (figure 2). Additionally, the 1-year
incidence of refractive error (non-cycloplegic refraction)
and pterygium will be analysed using data from partic-
ipants who complete the 27- and 28-year follow-ups.
Generalised estimating equations will be used to investi-
gate longitudinal change in continuous measures as these
are suited for interpreting population-averaged effects,”
and can account for missing or non-parametric data.””
Potential confounders, such as environmental, systemic,
and ocular effects, will be considered in the analyses as
appropriate.

To provide an update on the prevalence of eye diseases
and refractive error, all 28-year participants will be
included. Age and sex standardised prevalence of refrac-
tive errors and other ocular conditions, as well as their
potential predictors and risk factors, will be calculated.
The latter will be expressed in terms of odds ratios that
will be assessed using logistic regression models. Statis-
tical analyses will be conducted in R, V.3.4.0 or later (The
R Foundation for Statistical Programming, https://www.
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r-project.org/ (open source)), and the level of signifi-
cance will be set at p<0.05.

Implications

At the 20-year Raine Study follow-up, conducted between
2010 and 2012, the prevalence of myopia was 23.7% and
of pterygium was 1.2% in a population of young Austra-
lian adults.”” ®" However, the prevalence of myopia is
increasing worldwide,” % % with more than half of the
Australasia population predicted to by myopic by the year
2050.” Therefore, an update in prevalence of myopia is
indicated and this will be addressed by the current study.
Additionally, the current study will build on the findings
of the 20-year Raine Study follow-up, which included a
number of environmental and systemic risk factors for
various ocular conditions.®”” "' 1% While previous Austra-
lian studies, including the Blue Mountains Eye Study* **
and the Melbourne Visual Impairment Project,'” 1" were
also landmark epidemiological projects, only older popu-
lations were evaluated and the findings therefore cannot
be extrapolated to the younger generations. The ongoing
Raine Study will form a large longitudinal eye health
study in a general population of young adults.

In addition to an update in prevalence of myopia, a
major objective of the longitudinal eye health assess-
ments during the Raine Study follow-ups is to evaluate the
long-term changes in refractive error. Refractive error,
especially myopia, has garnered a tremendous amount

A
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|
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|

|

|
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i sl

All Year-28 eye

exam participants
I
I

¥

Update on prevalence of eye
conditions

of attention in the scientific and general community in
the past decade due its rising incidence worldwide. While
the natural history of refractive error has been fairly well
documented in children and adolescents,m_107 refrac-
tive change during young adulthood is much less well
understood.

The eye health assessments during the Raine Study
follow-ups will also evaluate the longitudinal change in
optic disc, retinal, anterior segment and other ocular
biometry measures. Previous reports on ‘age-related
changes’ in ocular parameters were based largely on cross-
sectional data in a sample with a wide age range.'”*''®
However, ocular parameters may change not only as
a result of age, but also as a result of environmental or
generational differences, such as in the case of refractive
error.” Longitudinal observations are therefore better
placed to show age-related changes compared with cross-
sectional data. Longitudinal ocular changes will addi-
tionally be analysed for associations with environmental,
systemic or genetic factors.

Strengths and limitations of the study

The main strength of the ocular assessments in the Raine
follow-up visits is the standardised protocols and the
comprehensive ocular imaging, with many of the tests and
instruments used similar to those in the 20-year follow-up.
Additionally, as part of the larger longitudinal and multi-
disciplinary Raine Study, a myriad of measures have been
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collected from this sample of young adults since their
prenatal periods. This provides us with an excellent
resource for evaluating the relationships between ocular
health or parameters and systemic, environmental or
genetic factors. The longitudinal nature of the study also
enables assessments of environmental factors at 20 years
in relation to eye outcomes at 27- and 28 years. This is
advantageous over cross-sectional observations as it allows
us to infer causality with increased confidence.

An additional strength of the Raine Study is that the
Gen2 participants (the current cohort), have been found
to be generally representative of young Australians in WA
at the 20-year follow-up.”” However, the representative-
ness of the cohort at the 27- and 28-year follow-ups has not
been examined. Nonetheless, a high proportion (81%)
of those participating in the 20-year follow-up also partic-
ipated in the later follow-ups, which allows some confi-
dence that the estimates of incidence and prevalence are
generalisable to the WA young adult population.

Attrition may be a main limitation of the study. As
well as a reducing sample size, this may result in loss-to-
follow-up bias. From the time of the study inception in
1989 to the follow-up at 20-year, the number of ‘active’
participants decreased from 2868 to 2135 (-25.6%).
Between the 20- and 27-year follow-ups, the number of
‘active participants’ decreased by 6.7%, and a further
decrease by 0.4% occurred between the 27- and 28-year
time points. Nonetheless, the dropout rates for the Raine
Study have been low® compared with many other longitu-
dinal studies."'*"*' With close to 2000 active participants
in this 28-year follow-up, we still anticipate data being
available for longitudinal analysis on a sample of approx-
imately 1000 individuals. At approximately 28 years of
age, this cohort of young adults is likely to have family
and work commitments that could be prioritised over
research participation. To accommodate their schedules,
participants’ visits are frequently planned after office
hours, including on weeknights, weekends and public
holidays; this has historically been shown to be helpful
for participants. While participant retention will continue
to be a challenge, especially with longer term follow-up
and participant relocations, communication technology
is continuously improving, which will allow us to better
contact participants and schedule them for visits. Social
media, emails and mobile phones texts are especially
useful in contacting participants who have not been seen
in a long time or are currently living in other states or
overseas.

Another potential limitation of these follow-ups is the
lack of cycloplegic refraction at the 27-year follow-up.
Therefore, the Il-year incidence of refractive error
(between the 27-year and 28-year visits) would have to
be calculated based on the non-cycloplegic refractions,
which may result in an overestimation of myoia and/or
underestimation of hyperopia rates. Furthermore, for
OCT imaging, while we were able to enter keratometry
readings, this parameter will be corrected for in the statis-
tical analyses as appropriate.

ETHICS AND DISSEMINATION

The 20-, 27-, and 28-year follow-ups of the Raine Study
were approved by the University of Western Australia’s
Human Research Ethics committee. The studies are
conducted in accordance with the tenets of the Declara-
tion of Helsinki and informed consent is obtained from
all participants prior to participation.

On completion of the study data collection and anal-
yses, findings will be published in health or medical
peerreviewed journals and will be disseminated to the
Raine Study participants. Additionally, the research will
be presented in international and national conferences.
The Raine Study has an Annual Scientific Meeting during
which the multidisciplinary team of researchers that
utilises data from the Raine Study gather to present their
findings. Raine Study participants are also invited to this
Annual Scientific Meeting.

SUMMARY

In this paper, we described the protocol for the longitu-
dinal eye health assessments for the Raine Study follow-up.
The outcomes from these studies will provide important
information on longitudinal change in the eye health and
parameters in a general population of Australian young
adults, providing normative values of age-related change
in ocular parameters. Additionally, the follow-up studies
will provide an update on the prevalence of refractive
errors and other ocular conditions in young adults in
Australia, as well as incidence of eye conditions across the
1- and 8-year follow-up periods.
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