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Abstract

Purpose: Cross-sectional studies have variably reported that poor sleep quality
may be associated with myopia in children. Longitudinal data, collected over the
ages when myopia develops and progresses, could provide new insights into the
sleep-myopia paradigm. This study tested the hypothesis that 12-year trajectories
of sleep behaviour from childhood to adolescence is associated with myopia dur-
ing young adulthood.

Methods: At the 5-, 8-, 10-, 14- and 17-year follow-ups of the longitudinal Raine
Study, which has been following a cohort since their birth in 1989-1992, partici-
pants' parents/guardians completed the Child Behaviour Checklist questionnaire
(CBCL), which collected information on their child's sleep behaviour and quality.
The CBCL includes six questions measuring sleep behaviour, which parents rated
as 0 = not true, 1 = somewhat/sometimes true, or 2 = very/often true. Scores were
summed at each follow-up to form a composite “sleep behaviour score”. Latent
Class Growth Analysis (LCGA) was used to classify participants according to their
12-year trajectory of sleep behaviour. At the 20-year follow-up, an eye examina-
tion was performed which included cycloplegic autorefraction and axial length
measurement.

Results: The LCGA identified three clusters of participants based on their tra-
jectory of sleep behaviour: those with minimal' (43.6% of the total Raine Study
sample), ‘declining’ (48.9%), or ‘persistent’ (7.5%) sleep problems. A total of 1194
participants had ophthalmic data and longitudinal sleep data available for analy-
sis (47.2% female, 85.6% Caucasian). No significant differences were observed in
regards to age, sex, ethnicity or ocular parameters between trajectory groups.
Unadjusted and fully adjusted analyses demonstrated that sleep problem behav-
iour was not significantly associated with changes in refractive error, axial length
or corneal radius.
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INTRODUCTION

Myopia is the most common ocular disorder worldwide
with an anticipated rise in global prevalence from 22.9%
in the year 2000 to 49.8% by the year 2050." Of concern
are the complications of myopic axial elongation, includ-
ing sight-threatening conditions such as primary open-
angle glaucoma, retinal detachment and myopic macular
atrophy.? While the aetiology remains unclear, there are
well-established links with both genetic and environmen-
tal factors, including parental myopia, increased education
and reduced time outdoors.'

The protective effect of increased outdoor time on my-
opia has been confirmed in numerous studies*"" including
meta-analyses.”® While the mechanism underlying this
relationship is unclear, animal models'*™"” suggest dopa-
mine up-regulation from sunlight exposure controls axial
elongation. Dopamine has a role in regulating wakefulness
and perception, and its levels fluctuate in a day-night cir-
cadian/sleep pattern. This is such that dopamine levels are
highest during daylight hours, decreasing through the day
and lowest during sleep.’®

Axial length and choroidal thickness, which are both
associated with refraction,'”%' vary in a diurnal manner,
in part, mediated by light input to photosensitive retinal
ganglion cells.*** Light exposure upregulates retinal do-
pamine while downregulating melatonin, thus creating
diurnal variations.?** A review by Stone et al.** suggests
a potential link between sleep and axial elongation, given
that dopamine has a circadian rhythm aligning with the
sleep-wake cycle. It is thus possible that perturbations of
circadian rhythms or sleep derangement could influence
retinal emmetropisation in children.?%?>-2

Supporting such an association between disrupted
circadian rhythms and myopia, a recent study found sig-
nificant delays in sleep and salivary dim-light melatonin
onset, as well as shorter sleep duration in myopes relative
to non-myopes.? Several studies have reported an asso-
ciation between myopia and reduced sleep duration or
sleep disorders. For instance, Ayaki et al.*® reported that
children and teenagers aged 10 to 19 years with high my-
opia (£ —6 D) had significantly shorter sleep duration, later
bedtime and poorer scores on the Pittsburgh Sleep Quality
Index than mild myopes or emmetropes of similar age. The
authors proposed that this relationship may be due to dis-
tress at night time caused by poor unaided vision in my-
opes, or there may be intrinsic biochemical changes in the

Conclusions: Our findings do not support the hypothesis that there is an associa-
tion between sleep behaviour and myopia. Future longitudinal studies should ex-
plore sleep trajectory data pre- and post-myopia diagnosis to confirm our results.

myopia, sleep behaviour, sleep problems, sleep quality, The Raine Study

Key points

« Findings from several publications on the rela-
tionship between sleep quality or quantity and
myopia have been conflicting with no clear
consensus.

« The current study assessed the relationship
between long-term sleep quality from 5 to
17 years of age and myopia at age 20 years in a
community-based cohort.

« There is no significant association between lon-
gitudinal sleep quality and myopia, concluding
that poor or good sleep is unlikely to affect risk
of myopia.

eye which may affect the sleep cycle, especially in this age
group when myopia evolves and accelerates.® Consistent
with this hypothesis, this trend of deranged sleep in high
myopes compared to those with mild- or no myopia was
not seen in adults over 20 years old.*® In a cross-sectional
study of over 3000 Korean children (12 to 19 years old), Jee
et al.®' found each additional hour of sleep was associated
with a 0.1 D increase in spherical equivalence (less myopia).
Conversely, Zhou et al's cross-sectional study* did not find
an association between sleep duration or disturbances
with myopia in Chinese children.

In most previous studies,**® sleep behaviour or qual-
ity have been assessed at a single time-point. Given the
marked changes in sleep quantity and quality that occur
over the lifespan,®*** single measurements may not repre-
sent the sleep quality over the years prior to and during my-
opia development, and therefore obscure any relationship
between sleep and myopia. Arguing against this is a recent
study by Wei et al.*® who found no relationship between
sleep duration over a 4-year period and myopia progres-
sion or axial length in early childhood. However, this study
used quantitative sleep duration which failed to consider
sleep quality and assumed no variations in inter-individual
sleep duration needs.* It is possible that trajectories or
trends of sleep quality or behaviour over time, especially
longer periods of time that include the ages when myo-
pia evolves and accelerates, may provide new insights into
the potential relationships between sleep and myopia.
The current study aimed to fill this gap in knowledge by
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exploring the relationship between a 12-year trajectory of
sleep behaviour from childhood to adolescence and myo-
pia in young adulthood.

MATERIALS AND METHODS
Participants

Participants were recruited as part of the Raine Study,
which is a longitudinal study that has followed a cohort
since their prenatal periods and birth between 1989 and
1992. The study originally included 2900 pregnant women
(termed “Gen1”) recruited between 16- and 20-weeks ges-
tation from the King Edward Memorial Hospital in Perth,
Western Australia. From these women, 2868 children were
born which comprise the original cohort (Gen2). This origi-
nal cohort has since been undergoing health and medical
assessments, including an eye examination at the Gen2
20-year follow-up. The complete methodology and recruit-
ment of the cohort have been described previously.*® All
participants received a full explanation of the nature of the
study and provided informed consent before participation.
The study was conducted in accordance with the tenets of
the Declaration of Helsinki, and ethical approval for each
follow-up was obtained from the University of Western
Australia's Human Research Ethics Committee. All partici-
pants or their parents/guardians signed an informed con-
sent form prior to each follow-up.

Sleep data and sleep behaviour trajectories

At the Gen2 5-, 8-, 10-, 14- and 17-year follow-ups (con-
ducted between 1994 and 2007), parents or guardians
completed the Child Behaviour Checklist questionnaire
(CBCL).>” The CBCL includes six measurements of sleep
disturbance, each rated on a 3-point scale (0 = not true,
1 = somewhat or sometimes true, 2 = very true or often
true): ‘trouble getting to sleeping’, ‘nightmares’, ‘overtired
without good reason’, ‘sleeps less than most kids’, ‘talks
or walks in sleep’ and ‘sleeps more than most kids dur-
ing day and/or night’. At each follow-up, the scores from
the six questions were summed ranging from 0 to 12, with
higher scores indicating worse sleep behaviours.*® While
the CBCL-derived sleep composite is not a standard sleep
scale, it is strongly correlated with validated measures such
as the Children's Sleep Habits Questionnaire (CSHQ) and
with sleep disorder diagnoses.*

The sleep trajectory of a given individual was derived
from their five CBCL-derived sleep composite scores (range
0-12) using Latent Class Growth Analysis (LCGA). Trajectory
modelling is a statistical technique used to identify un-
seen or latent subgroups within a population based on a
set of response variables at different time points,*® and its
use is becoming increasingly common in eye research.*'~*
For example, the Avon Longitudinal Study of Parents and

Children*? modelled the trajectory of height and weight
growth during early childhood, and found associations
between these growth trajectories and ocular biometry.
While traditional longitudinal statistics, such as repeated-
measures analysis of variance (ANOVA) or multiple regres-
sion analyse average change between time points and
inter-subject variance, growth modelling examines overall
trends and takes into consideration all time points as well
as inter- and intra-subject variability to create population-
based trends.**

The LCGA is able to identify meaningful homogeneous
subpopulations within the larger heterogeneous popula-
tion* and differentiate classes which may be defined by
different developmental trajectories.*® Participants are al-
located based on a ‘group assignment probability’, which
represents the accuracy of the participant belonging to
the assigned trajectory. As there are no definitive criteria
for the optimal number of classes, the judgement as to the
optimum solution is based on a combination of statistical
criteria, model parsimony and interpretability.*’ The sleep
behaviour trajectory of the current cohort of participants
and the method of modelling have been described previ-
ously.43 In brief, Stata v13.1 (stata.com) was used to run the
LCGAs and to plot all participants' sleep trajectories over
the 12-year study period. Participants with a minimum of
three sleep behaviour data points out of the five follow-
ups were included in the trajectory modelling. The LCGA
identified three discernible classes of sleep behaviour tra-
jectory based on participants' pattern of sleep behaviours
over the 12-year time span (year-5 to year-17): those with
‘minimal sleep problems’ (43.6% of the Raine Study Gen2
participants); ‘declining sleep problems’ (48.9%) or ‘per-
sistent problematic sleep’ (7.5%).8

Ophthalmic examination

The ophthalmic examination was conducted at the Lions
Eye Institute, Perth, Australia, at the Gen2 20-year follow-
up in 2010 to 2012.* Assessments included measurements
of cycloplegic autorefraction and autokeratometry (Nidek
ARK-510A; Nidek, nidek.com), axial length (IOLMaster ver-
sion 5; Carl Zeiss Meditec, zeiss.com) and conjunctival
ultraviolet autofluorescence (CUVAF) area (Nikon D100
digital camera with a 105 mm 147 /2.8 micro Nikon lens,
nikon.com). CUVAF is an objective measure of ocular sun
exposure. As in dermatology, where areas of actinic dam-
age on the skin fluoresces under ultraviolet light,*® a simi-
lar phenomenon occurs on the conjunctiva which can be
captured with a camera system.”' The area of conjunctival
fluorescence with the ultraviolet light filters can then be
digitally measured. As measures of such “actinic” damage
are cumulative, CUVAF is a validated objective measure of
cumulative ocular sun exposure.” Complete CUVAF meth-
odology was described previously by Huynh et al.>®
Cycloplegic autorefraction was performed at least
20 min after instillation of 1% tropicamide and 2.5%
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phenylephrine eye drops. As per Flitcroft and colleagues,

myopia was defined as a spherical equivalent <-0.5 di-
optres (D) in either eye, and subclassified as low (—0.5 D
to —3.00 D), moderate (<—3.00 D to —6.00 D) or high
(<—6.00 D). Emmetropia was defined as a spherical equiva-
lent of within £0.5 D, while hyperopia is =+0.5 D.

Participants additionally completed a self-administered
questionnaire as part of the 20-year ophthalmic assess-
ment. The questionnaire collected information regarding
highest level of education (primary school, secondary
school, university, other/Technical and Further Education
(TAFE), as well as family history of myopia.

Statistical analysis

Statistical analyses were conducted in R software version
3.6.3 (R Foundation for Statistical Programming, r-proje
ct.org), with level of significance set at p < 0.05. The soci-
odemographic makeup was compared across sleep tra-
jectory class using Chi-square test or Fisher exact test for
categorical variables and one-way ANOVA or the Kruskal-
Wallis test for continuous variables, depending on the
normality of the data. Continuous normal data were ex-
pressed as mean + standard deviation, while continuous
non-parametric data was expressed as median and inter-
quartile range.

The association between sleep trajectory and myopia
or high myopia was explored using logistic regression,
adjusting for potential confounders of age, sex, parental

TABLE 1

All (n=1194)

Female sex (n, %)° 581 (48.7%)

Parent myopia (no. participants with =1 parent with 274 (22.9%)
myopia)b
Highest level of education (n, %)b'c
Primary 17 (1.4%)
Secondary 714 (59.8%)
Tertiary 62 (5.2%)
Other 201 (16.8%)
Ethnicity (n, 9%)°
Caucasian 1032 (86.4%)
East Asian 36 (3.0%)
South Asian 15 (1.3%)
Other/mixed 121 (10.1%)
CUVAF area (mmz; mean + 1 SD)‘]I 48.3+34.2

Abbreviation: CUVAF, conjunctival ultraviolet autofluorescence.
?p-Value for difference between groups.

bGroup difference analysed using Chi-square test.

‘Does not add up to 100% due to some non-responses.

myopia and level of education. We additionally corrected
for time spent outdoors by including CUVAF area in mul-
tivariate analyses. All other analyses involving continuous
eye data as the outcome measure were examined using
generalised estimating equations (GEEs). This is an ap-
propriate statistical method given it accounts for missing
data, non-parametric data and adjustment for covariates.
Importantly, an exchangeable correlation structure can be
implemented within GEE models to account for the within-
subject correlation between two eyes.>>*°

RESULTS
Study participant characteristics

Of 1344 participants who attended the ophthalmic exami-
nation, 1194 had sleep trajectory data and were thus in-
cluded in the analysis. There was no significant difference
in age or sex between those included or excluded from the
analysis (p > 0.05). However, there was a significantly lower
proportion of participants of “other or mixed” ethnicities,
and higher proportion of Caucasian participants included
in the analysis, compared to those excluded (other/mixed:
9.9% vs. 16.7%; Caucasians: 85.6% vs. 79.1%; p = 0.004).

The characteristics of participants included in the analy-
sisare presented in Table 1. The mean age of this cohort was
20.0 £ 0.5 years and 48.7% were female. Caucasians com-
prised 86.4% of the study sample. The overall prevalence of
myopia in this cohort was 25.4% (n = 303), including 1.5%

Participant demographics and study variables by sleep trajectory

Sleep trajectory

Minimal Declining Persistent

(n=567) (n=612) (n=83) p-Value?
274 (48.3%) 306 (50.0%) 40 (48.2%) 0.84
135 (23.8%) 129 (21.1%) 16 (19.3%) 0.67
6 (1.1%) 11 (1.8%) 1(1.2%) 0.54
342 (60.3%) 344 (56.2%) 43 (51.8%)

31 (5.5%) 34 (5.6%) 1(1.2%)

89 (15.7%) 103 (16.8%) 15 (18.1%)

484 (85.4%) 532 (86.9%) 72 (86.7%) 0.88
16 (2.8%) 10 (1.6%) 1(1.2%)

7 (1.2%) 7 (1.1%) 1(1.2%)

60 (10.6%) 63 (10.3%) 9 (10.8%)

46.5+33.5 50.6 +35.5 431 +33.8 0.13

dAnalysed using generalised estimating equations with an exchangeable correlation structure implemented.
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Sleep trajectory
All (n=1194) Minimal (n =567)
Non-myopes (n, %)? 873 (73.1%) 414 (73.0%)
Any myopia (n, %)? 321 (26.9%) 153 (27.0%)
High myopia (n, %)° 18 (1.5%) 9 (1.6%)

Spherical equivalent

+0.25 (-0.38 to +0.63)

+0.25 (-0.38 to +0.63)

Declining (n =612)
464 (75.8%)

148 (24.2%)

7 (1.1%)

+0.25 (-0.25 to +0.63)

Persistent (n = 83)
63 (75.9%)

20 (24.1%)

2 (2.4%)

+0.25 (-0.38 to +0.59)

(D; median [IQR])®

Axial length (mm; mean + 1 SD)“ 23.6+09 23.6+1.0 23.5+0.9 23.7+1.0
Corneal radius (mm; mean + 1 SD)¢ 773 +0.25 774 £0.25 773 +£0.26 773+0.28
Abbreviations: IQR, interquartile range; SD, standard deviation.
?Group difference analysed using Chi-square test.
PAnalysed using Fisher Exact test.
“Analysed using generalised estimating equations with an exchangeable correlation structure implemented.
TABLE 3 Logistic regression associations between myopia and DISCUSSION

study variables

Odds Ratio
(95% CI) Wald 2
Sleep trajectory (ref = Minimal)
Declining 0.87 (0.57 to0 1.17) -0.9
Persistent 0.85(0.20 to 1.50) -0.5
Gender (ref = Female) 1.10 (0.79 to 1.40) 0.6

Parent myopia (no. participants 2.19 (1.88 to 2.50)** 49
with =1 parent with myopia)

(ref =None)

Education (ref = Primary)

Secondary 1.35(0.06 to 2.63) 0.5

Tertiary 1.34 (-0.06 to 2.74) 0.4

Other 1.41 (-0.17 to 2.45) 0.2
Ethnicity (ref = Caucasian)

East Asian 2.75 (1.86 to 3.63) 2.2

South Asian 2.60(1.47 to 3.74) 1.7

Other or Mixed 1.23 (0.76 to 1.69) 0.9
CUVAF 0.99 (0.99 to 1.00)* -39

Note: *p < 0.05; **p < 0.01.

Abbreviations: Cl, confidence interval; CUVAF, conjunctival ultraviolet
autofluorescence.

(n = 18) with high myopia. No significant differences were
observed in regards to age, sex, or ethnicity between tra-
jectory groups (p > 0.05).

There was no significant association between sleep tra-
jectory and the proportion of those with myopia or high
myopia (p = 0.36; Table 2). Logistical regression compar-
ing myopia to the study variables did not report any novel
significant associations (Table 3), as was the case with high
myopia when compared to study variables. Likewise, the
GEE models did not reveal significant sleep group differ-
ence in spherical equivalence, axial length or corneal ra-
dius (Tables 4 and 5), with or without corrections for sex,
ethnicity, education, CUVAF area and parental myopia.

Literature to date has presented variable findings regarding
sleep quality and its associations with myopia. Moreover,
previous studies®®#>"*8 have failed to fully capture sleep
quality information during the pre-myopic period or have
explored sleep quality at a period prior to myopic stabilisa-
tion. The current longitudinal sleep data captured both the
pre-myopic period and peak age of diagnosis that occurs
at approximately 6 to 10 years of age,”*®" with eye exami-
nation performed during young adulthood, which is after
the mean age of myopia stabilisation of 15 years.%? Despite
collecting data in a large cohort over the age range con-
sidered to be the period of vulnerability for myopia, the
current study did not find any relationship between prob-
lematic sleep in childhood and adolescence and myopia
or ocular parameter perturbance when assessed in young
adulthood.

Previous reviews and meta-analyses'"** have high-
lighted the significant overlap in regulation between circa-
dian rhythm and eye growth with respect to the common
pathway of light exposure. In particular, animal models
propose dopamine as a common regulator,”*™" including
studies demonstrating circadian gene knock-out to be in-
fluential for the development of myopia.'®"” However, our
study found neither refractive error nor ocular parameters
varied significantly between longitudinal sleep trajec-
tories. One recent study® examined 4-year longitudinal
changes in myopia and axial length by sleep duration and
also found no significant relationship. Other explorations
of sleep quality and myopia have revealed conflicting re-
sults, 24726 42, 43 Notably, most of these studies assessed
sleep quality or duration at a single time-point (with the
exception of Wei et al.>> who used average sleep time
over 4 years) and are thus unable to conclude any direc-
tion of temporal relationship between sleep and myopia.
Recently, a cross-sectional study by Xu et al.?* found longer
sleep duration in adult myopes (60+ years old). It was hy-
pothesised that this demographic slept for longer to com-
pensate for poorer sleep quality owing to myopia-related
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TABLE 4 Association between sleep trajectory and spherical equivalent

Unadjusted Fully-adjusted
Estimate (95% Cl) Wald xz p-Value Estimate (95% Cl) Wald x2 p-Value
Sleep trajectory (ref = Minimal)
Declining —-0.12 (-0.35t0 0.10) 1.1 0.30 0.13(-0.10t0 0.37) 1.3 0.26
Persistent 0.02 (—0.36 to 0.40) 0.0 0.93 0.03 (-0.35t0 0.42) 0.0 0.86
Gender (ref = Female) - - - 0.06 (—0.15 to0 0.27) 0.3 0.59
Parent myopia (no. participants with >1 - - - —0.69 (-1.00 to —0.39) 20.2 <0.001**
parent with myopia) (ref = None)
Education (ref = Primary)
Secondary - - - —0.17 (-0.47 t0 0.13) 1.2 0.27
Tertiary - - - —0.06 (—=0.59 to 0.46) 0.1 0.81
Other - - - —0.22 (-0.62 t0 0.17) 1.2 0.27
Ethnicity (ref = Caucasian)
East Asian - - - —1.43 (-2.24 t0 -0.62) 121 <0.001**
South Asian - - - —0.42 (-0.99 t0 0.15) 2.0 0.15
Other or Mixed - - - —0.66 (-1.08 to —0.25) 9.8 0.002%*
CUVAF - - - 0.05 (0.05 to 0.06) 14.0 <0.001**
Note: *p < 0.05; **p < 0.01.
Abbreviations: Cl, confidence interval; CUVAF, conjunctival ultraviolet autofluorescence.
TABLE 5 Association between sleep trajectory and axial length
Unadjusted Fully-Adjusted
Estimate (95% Cl) Wald xz p Value Estimate (95% Cl) Wald xz p Value
Sleep trajectory (ref = Minimal)

Declining —-0.1(-0.2t0 0.1) 1.3 0.26 —-0.1(-0.2t0 0.0) 2.2 0.14
Persistent 0.1(-0.2t0 0.4) 0.4 0.54 0.0(-0.3t00.3) 0.2 0.70
Gender (ref = Female) - - - 0.5(0.4t00.6) 54.2 <0.001**
Parent myopia (no. participants with >1 - - - 0.3(0.1t00.5) 10.5 0.001**

parent with myopia) (ref = None)
Education (ref = Primary)
Secondary - - - 0.3(-0.1t0 0.6) 2.4 0.12
Tertiary - - - 0.4 (-0.0t0 0.8) 3.4 0.07
Other - - - 0.2 (-0.2t0 0.6) 1.3 0.26
Ethnicity (ref = Caucasian)
East Asian - - - 0.8(0.2to 1.4) 6.0 0.02*
South Asian - - - —-0.2(-0.6t00.3) 0.4 0.54
Other or Mixed - - - 0.3 (0.1t00.6) 8.7 0.003**
CUVAF - - - —0.0(-0.0t0 0.0) 0.5 0.46

Note: *p < 0.05; **p < 0.01.

Abbreviations: Cl, confidence interval; CUVAF, conjunctival ultraviolet autofluorescence.

complications such as cataracts or impaired activities of
daily living. Given this age is well beyond myopia onset,
it may suggest myopia or its related complications may
be a factor for poor sleep rather than sleep disturbance
resulting in myopia. With these considerations alongside
our data, it is likely that the benefits of myopic-prevention

derived from outdoor exposure are unique and the same
beneficial pathways may not be achieved through other
circadian-related pathways such as sleep quality.
Physiological evidence may support a relationship be-
tween sleep and myopia, and therefore the potential for
sleep disturbance to contribute to emmetropisation has
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been proposed. However, our findings, supported by some
less powered studies,*** suggest this direction of relation-
ship does not exist, or more specifically, that deranged
sleep in younger years does not pre-empt the onset of my-
opia when tested in early adulthood. Studies suggesting
that sleep disturbance occurs in myopia may be identify-
ing myopes who sleep poorly because of various factors.
For example, those with intense educational or study hab-
its (@ known risk factor for myopia) may work late into the
night under ambient light and have poorer sleep hygiene,
causing reduced sleep latency or duration.®® This scenario
may be misinterpreted as myopia resulting in poor sleep
or vice versa, depending on when the data were collected.
Another possible reason for the previously observed links
between sleep and myopia could be related to the con-
founding effects of reduced outdoor time in such studious
individuals.®®> Such examples would create a correlation be-
tween sleep and myopia, without true causation.

It should be noted that the sleep data in the current
study was collected before the widespread use of smart
mobile devices, which can easily be used in bed. With the
increasing popularity of such handheld devices, especially
in children, future studies could explore how the use of
such devices affect sleep behaviour and if this may be as-
sociated with myopia development or severity. Our current
findings thus serve as important baseline data from the
pre-device era, to which these studies could compare.

The results expressed herein should be interpreted in
context of this study's limitations. First, parent-reported
subjective sleep data is an imperfect measure, especially
during the children's teenage years. Moreover, given
our single time-point of eye examination, the age of first
myopia onset is not known for certain. Therefore, sleep
behaviours pre- and post-myopia diagnosis cannot be
established, and sleep behaviours as predisposing my-
opia or vice versa cannot be discriminated. An approach
to address this limitation may be to record sleep scores
combined with regular eye examinations, which enables
the assessment of whether pre-myopic sleep patterns pre-
dispose myopia and how myopia may affect subsequent
sleep. Future studies may also make use of modern objec-
tive sleep measures to assess both sleep quality and sleep
quantity in the sample study. Measures such as actigraphy
would serve a purpose in this setting but was not widely
available at the time of study design or data collection of
sleep quality (~1998 to 2007).

This observational longitudinal study contributes sig-
nificantly to the circadian-myopia literature by using sleep
trajectory data and fully capturing both the pre-myopic
period and the period of maximal myopia progression. The
longitudinal sleep data analysed by LCGA and presented
here, combined with a substantial sample size, are both
features novel to this field. In particular, sleep trajectories
did not correlate significantly with refraction, axial length
or corneal radius. Ocular biometry and refraction, as well
as the established benefits of outdoor exposure for myo-
pia prevention, are unlikely to be subject to sleep quality.

Future studies may consider comparing longitudinal sleep
trajectory data pre- and post-myopia diagnosis to further
assess the circadian-myopia paradigm.
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