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Key points 

Question: How common is myopia progression and onset during early adulthood? 

Findings: In a cohort study of 711 young adults from a general population, significant 

increase in myopia and axial length in the 8 years were observed by 0.04D/year and 

0.02mm/year, respectively. Of the 526 participants without myopia at baseline, myopia 

incidence from 20- to 28-years old was 14%. 

Meaning: There is a high incidence of myopia and prevalence of myopia progression in the 

third decade of life.  

  



Abstract 

Importance: Myopia incidence and progression has been described extensively in children. 

However, little data exist regarding myopia incidence and progression in early adulthood. 

Objective: To describe the 8-year incidence of myopia and change in ocular biometry in 

young adults, and their association with the known risk factors for childhood myopia . 

Design: The Raine Study is a prospective cohort study. Baseline and follow-up eye 

assessments were conducted in January 2010 to August 2012 and in March 2018 to March 

2020. 

Setting: Single-centre. 

Participants: A total 1,328 participants attended the baseline assessment and 813 attended 

the follow-up. Refractive information from both visits were available for 701 participants. 

Participants with keratoconus, previous corneal surgery, or recent orthokeratology wear were 

excluded. 

Exposure: Participants’ eyes were examined at ages 20 (baseline) and 28 years.  

Main outcome measures:  Incidence of myopia and high myopia; change in spherical 

equivalent (SE) and axial length (AL). 

Results: A total of 526 (51% male) and 698 (50% male) participants without myopia or high 

myopia at baseline were included in the incidence analyses, while 691 participants (49% 

male) were included in the progression analysis. The 8-year myopia and high myopia 

incidence were 14.0% (95% confidence interval [CI]=11.5–17.4%) and 0.7% (95%CI=0.3–

1.2%). A myopic shift (≥0.50D in at least one eye) occurred in 37.8% of participants. 

Longitudinal changes in SE (-0.04D/year), AL (+0.02mm/year), lens thickness 

(+0.02mm/year), and AL-to-corneal-radius ratio (+0.003/year) were statistically significant 

(all p<0.001). Incident myopia was associated with East Asians (self-reported ethnicity;; odds 

ratio [OR]=6.1 versus Whites), female sex (OR=1.8), smaller CUVAF area (OR=9.9 per 



10mm2 decrease, indicating less sun exposure), and parental myopia (OR=1.6 per parent) (all 

p<0.05). Rates of myopia progression and axial elongation was faster in females (estimates= 

SE: 0.02D/year; AL: 0.007mm/year) and those with parental myopia (estimates= SE: 

0.01D/year; AL: 0.005mm/year)(all p≤0.001). Education level was not associated with 

myopia incidence or progression. 

Conclusions and relevance: These findings suggest myopia progression continues for more 

than one-third of adults during the third decade of life, albeit at lower rates than during 

childhood. The protective effects of time outdoors against myopia may continue into young 

adulthood.  
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INTRODUCTION 

The global myopia epidemic is well reported1,2 and the rate of myopia-associated 

complications is expected to similarly rise as younger generations with high myopia 

prevalence approach middle and older age.3,4 Myopia typically develops and progresses 

fastest during childhood, and it has been reported that myopia stabilizes (defined as change of 

less than 0.5 diopters [D]) at around age 15 to 16 years.5,6 However, longitudinal studies 

involving university students have demonstrated that myopia may progress and even start to 

develop during young adulthood. In 118 university students for 3 years in Portugal7 (mean 

age 21 years at baseline), prevalence of myopia and hyperopia increased by 5% and 

decreased by 9%, respectively, while mean spherical equivalent decreased by 0.3D. A similar 

study in Norway8 found a 3-year myopia incidence of 33% among university students (mean 

age 21 years at baseline), with mean spherical equivalent decreasing by 0.6D. Similar 

longitudinal findings were reported in university students in Denmark9 and the United 

States.10,11  

 With the modern emphasis on tertiary education, a known risk factor for myopia,12 

myopia may continue to progress or onset during young adulthood. With the rise in indoor 

jobs in the past century13 and increase in automation of many manual or outdoor labor 

occupations,14 individuals are likely to spend less time outdoors, which could further drive 

myopia progression during young adulthood,15-17 even after formal education is completed. 

However, there are limited data in the literature on myopia development and progression 

after the age of 21 and often studies have been conducted in select populations.  

The aims of this longitudinal study were to (1) describe the 8-year incidence of 

myopia and high myopia and (2) examine the 8-year within-person change in refractive 

measures in young adults from a general population. Within both aims, we explored risk 

factors for myopia development or progression during young adulthood and tested the 



hypothesis that the three known major risk factors of childhood myopia – higher level of 

education, lower time spent outdoors, and parental myopia – are also associated with myopia 

development and progression during young adulthood. 

 

METHODS 

Study sample 

 The Raine Study18 has followed a cohort of participants since their prenatal periods in 

1989-1991, when over 2,900 pregnant women were recruited from the King Edward 

Memorial Hospital and surrounding obstetric clinics in Perth, Western Australia. An aim of 

the Raine Study was to develop a long-term cohort to study the effects of early life factors on 

later health. From these women, 2,868 offspring were born, forming the original study cohort 

who are now in young adulthood, and have since been undergoing a series of regular medical 

and health examinations and completion of questionnaires.  

 At the 20-year follow-up (age 18–22 years), participants underwent their first eye 

examination as part of the Raine Study.19 This has allowed us to document the prevalence of 

refractive error,15,16,19 keratoconus,19,20 amblyopia,21 and strabismus,21 and profile the 

normative optical coherence tomography-derived parameters22-24 in young adults from a 

general population. Participants were invited to return for the Gen2 28-year follow-up eye 

examination. 

 All follow-ups of the Raine Study were conducted in compliance with the Declaration 

of Helsinki and have been approved by the University of Western Australia’s Human 

Research Ethics Committee. All participants were given a full explanation of the nature of the 

study and provided informed consent prior to participating in each follow-up. 

 

Eye examination 



 The 20- and 28-year follow-ups were conducted in 2010–2012 and 2018–2020, 

respectively, and the full protocols for the eye examinations at both follow-ups have been 

published.19,25 In brief, both eye examinations included visual acuity measurement 

(LogMAR-style charts), conjunctival ultraviolet autofluorescence (CUVAF) photography, 

ocular biometry (IOLMaster V.5, Carl Zeiss Meditec AG, Jena, Germany), post-mydriatic 

autorefraction/keratometry (Nidek ARK-510A, NIDEK Co. Ltd, Japan), and lens thickness 

measurement (Oculus Pentacam, OculusOptikgerate GmbH, Wetzlar, Germany), amongst 

others. Autorefraction was performed at least 20 minutes after instillation of one drop of 

tropicamide 1%. CUVAF photography is an objective method of measuring ocular sun 

exposure and has been shown to have a strong correlation with self-reported time spent 

outdoors in adults.26 The same refraction and ocular biometric measurement protocol and 

instrument models used were used in both follow-ups. 

A participant was considered to have myopia or high myopia if either or both eyes 

had a spherical equivalent of ≤-0.50 or ≤-6.00D, respectively.27 A refraction shift was defined 

as a change of 0.50D or more in spherical equivalent in either direction (myopic/hyperopic). 

 

Questionnaire 

 In a self-administered questionnaire, participants indicated their highest level of 

education as (1) up to secondary school; (2) vocational qualification (including technical 

college, vocational training, or other certification courses); (3) Undergraduate degree; or (4) 

Postgraduate degree. Self-reported parental myopia, ethnicity, and ocular history were also 

obtained. Ethnicity was categorized as White, East Asian, and others/mixed. East Asians 

were analysed as its own category in view of the observed high prevalence of myopia in this 

demographic.28 Ocular history information included previous surgeries and keratoconus. For 

participants who had laser refractive surgery, we further asked if they remembered their 



approximate refraction prior to surgery (e.g., what their contact lens prescription was prior to 

surgery).  

Statistical analysis 

For Aim 1 (describing the 8-year incidence of myopia), participants were included in 

the analysis if they had post-mydriatic refraction data at both follow-ups, and if they had no 

myopia at the 20-year follow-up (baseline). A similar process was applied to obtain the 8-

year incidence of high myopia. Logistics regression was used to explore the risk factors of 

myopia development, including sex, ethnicity, education, and ocular sun exposure. 

 To address Aim 2, all participants who had refraction data at both follow-ups were 

included, regardless of myopia status. Linear mixed-effect models were used with random 

intercept and slope for participants to account for the within-participant correlation between 

two eyes.29 In multivariable analyses, the main effects of sex, ethnicity, highest level of 

education, CUVAF area (as an objective measure of ocular sun exposure), and parental 

myopia, as well as interaction effects with age on refractive measures were evaluated.  

Participants who wore orthokeratology lenses or had a history of cataract or corneal 

surgery were removed from the analyses. Participants with keratoconus, defined as having a 

Belin/Ambrόsio enhanced ectasia display score of ≥2.6 in either eye based on Scheimpflug 

imaging20 at the 28-year follow-up, were additionally excluded. To maximize the sample 

size, we included participants who underwent laser refractive surgery between ages 20 and 28 

years by adding their self-provided estimated pre-surgical spherical equivalent (if known) to 

their 28-year refraction data as obtained during the eye examination. However, these 

participants were removed from analyses with keratometry as the outcome measure. 

Participants who were not able to provide or recall their estimated refraction data prior to 

surgery were excluded. 



All analyses were conducted using R (v3.6.2; 2019 The R Foundation for Statistical 

Computing Platform [https://www.r-project.org/]), and the level of significance was set at 

p<0.05. Because of the multiple comparisons in Aim 2, the level of significance was set as 

p<0.025 for Aim 2 with the Bonferroni correction, in consideration of the 2 main refractive 

outcome measures (spherical equivalent and axial length; this adjustment was not done for 

Aim 1 as it only had 1 outcome measure). 

 

RESULTS 

Of the 1,328 participants with refractive data at baseline (20 years), 342 and 19 

participants had myopia and high myopia, giving a prevalence of 25.8% (95% confidence 

interval [CI]= 23.5–28.2) and 1.4% (95%CI= 0.9–2.2), respectively. Of 783 participants who 

had refractive data at the 28-year follow-up, 260 and 12 participants had myopia and high 

myopia (prevalence= 33.2% [95%CI= 30.1–36.7%] and 1.5% [95%CI= 0.9–2.7]). 

Among participants who attended the 20-year visit (baseline), there was no significant 

difference in ethnicity, baseline spherical equivalent, axial length, or CUVAF area between 

those who returned and did not return for the 28-year follow-up. However, there were more 

males than females who did not attend the follow-up (no attendance: male 54% vs attended 

follow-up: male 50%; p=0.05). 

 

Eight-year incidence of myopia 

After excluding participants who had no refraction data at either follow-up, those with 

myopia at baseline, keratoconus, or recent use of orthokeratology contact lenses, a total of 

516 participants (50.6% males) were included in the myopia incidence analysis (Figure 1).  

The cumulative 8-year myopia incidence was 14.0% (95%CI= 11.5–17.4%), with 72 

participants developing myopia. In univariable logistic regression, myopia incidence was 



significantly associated with female sex, East Asian ethnicity (relative to White), less sun 

exposure (as indicated by smaller CUVAF areas), and parental myopia. (Table 1). 

Participants who reported “vocational training” as their highest level of education had lower 

odds of incident myopia relative to those who reported “up to secondary school”. In the 

multivariable analyses, all these factors, except for education, remained significantly 

associated with incident myopia. 

Eyes with incident myopia had lower spherical equivalent, longer axial lengths, and 

thinner lens at baseline (20-year) than those that did not become myopic (Table 2). There 

was no significant difference in baseline corneal radius between groups (Table 2). 

 

Eight-year incidence of high myopia 

 There were 683 participants (338 males; 49.5%) available for the high myopia 

incidence analysis (Figure 1). This included 5 participants with prior laser refractive surgery 

who were able to provide their estimated refraction prior to surgery, either directly obtained 

from their optometrist (n=1) or the participants recalled their pre-surgery contact lens 

prescription (n=4). 

The incidence of high myopia was 0.7% (95%CI= 0.3–1.2%), with 5 participants 

progressing to high myopia. None of these participants had a history of laser refractive 

surgery. eTable 1 presents the refractive error, parental myopia, highest level of education, 

and CUVAF area for these 5 participants. Most of these 5 participants had myopia of -5D or 

worse in at least one eye at the 20-year follow-up and progressed by less than 2.0D in that 8-

year period (progression rate of -0.08 to -0.22D/year). 

 

Eight-year change in refractive measures 



 Of 701 participants who had refractive data at both follow-ups, 6 participants who had 

keratoconus, 3 who had prior refractive surgery with unknown prescription prior to surgery, 

and 1 who wore orthokeratology lenses a few days before the eye examination were excluded 

from the analysis. This left 691 participants available for this analysis. The 5 participants who 

had prior refractive surgery, but had pre-surgery refraction information, were excluded only 

from the keratometry analyses. 

There were 261 participants (37.8%) who experienced a myopic shift (≥0.50D) in at 

least one eye over the 8 years, including 361 with a myopic shift in both eyes (Table 3). The 

spherical equivalent in the majority of participants (n=361; 52.2%) remained stable in both 

eyes (within 0.50 D) between their 20- and 28-year visits (Table 3). As shown in eTable 2, 

the 8-year change in axial length, but not lens thickness or corneal radius, was significantly 

different between those with a myopic shift compared to those with no refractive change. 

Myopia progression of ≥0.25D/year (generally the minimum detectable change in refraction) 

in at least one eye was observed in 19 participants (2.7%). 

There was a significant longitudinal change in spherical equivalent, axial length, and 

lens thickness after correcting for sex, ethnicity, and the major known risk factors of myopia 

(all p<0.001; see Table 4 for a summary and eTables 3–6 for the full multivariable analyses 

outcomes). Corneal radius did not change significantly over time. 

The multivariable analyses showed that men had lower spherical equivalents, longer 

axial lengths, and flatter corneas than women (p≤0.002; eTables 3–6). However, the age  

sex interaction results suggested that females had higher rates of spherical equivalent 

decrease, and axial elongation than males as shown in Table 4 and eTables 3–6. 

On average, East Asians had longer axial lengths than White participants (Estimate=-

0.6, 0.3mm, and 0.05, respectively; p≤0.019), as well as higher longitudinal rates of axial 

elongation and corneal flattening compared to Whites, albeit a small difference of only a 



0.014 and 0.008 mm/year, respectively. There was no other significant main or interaction 

effect of ethnicity (eTables 3–6). 

Parental myopia was significantly associated with a faster rate of spherical equivalent 

decrease and axial elongation (estimate=-0.012 D/year and +0.005 mm/year, respectively for 

each additional parent with myopia; p<0.001).  

DISCUSSION 

Several reports on myopia incidence and progression in school-age children, 

especially in East Asia where myopia rates are the highest in the world, have been published. 

The annual myopia incidence have been reported to range from 7–30% in East Asian 

children30-35 and 1–3% in White children,31,36,37 depending on geographical location and age. 

For example, in East Asian children aged 6–7 years old at baseline, annual myopia incidence 

was higher in those living in Singapore, China, or Hong Kong (11-24%)30,32,34 compared to 

those in Australia (7%).31,32 Many studies have also reported that myopia incidence decreases 

with older age in children.30,32,38  

Exploration of adult-onset myopia incidence, on the other hand, has been limited. In 

the 1990s, studies on university students in their late teens or early 20s have reported that the 

annually myopia incidence was between 2.5% and 13%.7,8,39 While these estimates on 

university studies cannot be broadly applied to the general population, they provide evidence 

that it is common for myopia to start developing after childhood and adolescence.  

In our study of young adults from a general population, we found an 8-year incidence 

of 14% (or 1.8% per year) and that spherical equivalent progressed by -0.04D/year on 

average, with 38% of participants experiencing a myopia shift of 0.50D or more in at least 

one eye over 8 years, in contrast to a mean age of myopia stabilization at ~15 years old 

reported by the Correction of Myopia Evaluation Trial (COMET).5 With younger generations 

increasingly pursuing postgraduate education,40 we may expect more at-risk young adults to 



develop myopia in their 20s or even early-30s. Even in non-university students or graduates, 

individuals are likely to start their first full-time occupation in or just prior to their 20s 

(students are 17-18 years when they leave school), and the rise in indoor occupations will 

inevitably result in the development or progression of myopia in a substantial proportion of 

the population. 

Indeed, we observed an inverse association of increased sun exposure, as quantified 

using CUVAF area with incident myopia. Similarly, previous studies41-45 have noted a 

protective effect of increased time outdoors against myopia, but findings on whether it 

reduces myopia progression have been conflicting. The lack of association between ocular 

sun exposure and refractive measure change may also be partly due to use of sunglasses or 

hats in some adults, which filters out incident ultraviolet rays and thus protective against 

enlargement of CUVAF area,46 while still allowing exposure to higher levels of outdoor 

lighting.  

Additionally, we did not find a statistically significant relationship between highest 

level of education with rate of change in refractive measures as hypothesized. Instead, 

unmodifiable factors such as ethnicity, sex, and parental myopia appeared to have stronger 

associations with the rate of change in refractive measures than environmental factors. 

Women were more likely than to develop myopia and had greater temporal changes in 

myopia measures between 20 and 28 years old. Longitudinal studies on school-age children 

in East and South Asia have similarly reported higher myopia incidence30,34,38 and faster 

myopia progression32,39 in girls compared to boys. Likewise, the COMET reported that 

myopia progressed faster in girls than in boys, in terms of spherical equivalent but not axial 

length.47 In previous studies involving children, the differential effect of sex on myopia 

progression and axial elongation may be influenced by pubertal growth spurts,48 but this is 

unlikely to be a factor in our young adult sample. Instead, this difference between young men 



and women may reflect the modern societal push for higher education in girls and women, as 

reflected by the increasing proportion of women with higher education than men,49 and a 

tendency for women to work in indoor-based occupations in Australia.49 However, the 

associations between female sex and myopia progression were significant even after 

correcting for education and CUVAF area. Moreover, higher level of education was not 

significantly associated with myopia incidence or progression. It is possible that some other 

lifestyle habits, biological, or hormonal factors may mediate this age and sex interaction 

effect during young adulthood, and this should be explored in further studies. 

Over the 8 years, there were crystalline lens thickening and axial elongation in this 

sample. The latter is particularly concerning as it is strongly believed that longer axial length 

increases the risk of myopia-related complications.50 Fricke et al.4 estimated that more than 

55 million people (0.6% of the world population) will be visually impaired from myopic 

macular degeneration alone, including 18 million who will be blind, in the year 2050 if we do 

not implement interventions to slow myopia progression. Similarly, Cheung et al.3 predicts a 

retinal detachment epidemic as a consequence of a surge in prevalence of high myopia. 

Myopia management strategies targeting control of axial elongation should therefore be 

considered in young adults exhibiting myopia progression. 

 A main strength of the current study is the large sample of community-based young 

adults, rather than recruiting participants from universities or myopic cohorts, as has been 

done in previous studies on young adults.7,8,11,51,52 The Raine Study participants has also been 

shown to be generally representative of the Western Australian population of the same age.53 

However, our findings may not be generalizable to recent immigrants of Western Australia, 

which may comprise a higher proportion of East Asians than the current Australia-born 

cohort. We were also unable to ascertain whether there was a differential rate of change 



within the follow-up period, for example, if progression was faster during the early 20s than 

mid–late 20s. 

 Nonetheless, our findings provide evidence that myopia can start to develop and 

continue to progress during young adulthood, albeit at slower rates than during childhood. 

The eye continues to elongate axially in some participants during young adulthood, which 

may contribute to the increased risk of myopia-related complications as these young adults 

reach middle and older age. Our findings highlight the need for research into myopia control 

methods in young adults in addition to those currently being researched in children. 

  



A. Funding: The eye data collection of the Gen2 20-year follow-up of the Raine Study was 

funded by the NHMRC (grant no. 1021105), Ophthalmic Research Institute of Australia 

(ORIA), Alcon Research Institute, Lions Eye Institute, the BrightFocus Foundation, and the 

Australian Foundation for the Prevention of Blindness. The eye data collection of the Gen2 

28-year follow-up of the Raine Study was funded by the NHMRC (grant no. 1126494, 

1121979) and the Heart Foundation (grant no. 102170). The core management of the Raine 

Study is funded by The University of Western Australia, Curtin University, Telethon Kids 

Institute, Women and Infants Research Foundation, Edith Cowan University, Murdoch 

University, The University of Notre Dame Australia and the Raine Medical Research 

Foundation. SY and PGS are each supported by a NHMRC Early Career Fellowship. DAM is 

supported by a NHMRC Practitioner Fellowship.  

B. Role of funder/sponsor statement: None of the funding agencies have any role in the 

design and conduct of the study; collection, management, analysis, and interpretation of the 

data; preparation, review, or approval of the manuscript; and decision to submit the 

manuscript for publication. 

C. Author conflict of interest disclosures: None reported 

D. Access to data and data analysis: SL had full access to all the data in the study and takes 

responsibility for the integrity of the data and the accuracy of the data analysis 

E. Meeting presentation: Findings of this study was presented at the 2021 Raine Annual 

Scientific Meeting (Perth, Australia) on 30 October 2021 and the 52nd Royal Australian and 

New Zealand College of Ophthalmologist Congress on 25 February to 1 March 2022 

(Brisbane, Australia). 

F. Non-author contributions: The authors would like to thank the Raine Study participants 

and their families, the Raine Study staff for study coordination, and the staff, students, and 



volunteers of the Genetics and Epidemiology group of the Lions Eye Institute for assisting in 

the eye data collection. 

 

 

Conflict of interest: no conflicting relationship exists for any author  



References 

1. Holden BA, Fricke TR, Wilson DA, et al. Global Prevalence of Myopia and High 

Myopia and Temporal Trends from 2000 through 2050. Ophthalmology. 

2016;123(5):1036-1042. 

2. Williams KM, Verhoeven VJ, Cumberland P, et al. Prevalence of refractive error in 

Europe: the European Eye Epidemiology (E(3)) Consortium. Eur J Epidemiol. 

2015;30(4):305-315. 

3. Cheung N, Lee SY, Wong TY. Will the Myopia Epidemic Lead to a Retinal 

Detachment Epidemic in the Future? JAMA Ophthalmol. 2021;139(1):93-94. 

4. Fricke TR, Jong M, Naidoo KS, et al. Global prevalence of visual impairment 

associated with myopic macular degeneration and temporal trends from 2000 through 

2050: systematic review, meta-analysis and modelling. The British journal of 

ophthalmology. 2018;102(7):855-862. 

5. COMET Group. Myopia stabilization and associated factors among participants in the 

Correction of Myopia Evaluation Trial (COMET). Invest Ophthalmol Vis Sci. 

2013;54(13):7871-7884. 

6. Polling JR, Klaver C, Tideman JW. Myopia progression from wearing first glasses to 

adult age: the DREAM Study. Br J Ophthalmol. 2021. 

7. Jorge J, Almeida JB, Parafita MA. Refractive, biometric and topographic changes 

among Portuguese university science students: a 3-year longitudinal study. 

Ophthalmic & physiological optics : the journal of the British College of Ophthalmic 

Opticians. 2007;27(3):287-294. 

8. Kinge B, Midelfart A. Refractive changes among Norwegian university students--a 

three-year longitudinal study. Acta Ophthalmol Scand. 1999;77(3):302-305. 

9. Jacobsen N, Jensen H, Goldschmidt E. Does the level of physical activity in 

university students influence development and progression of myopia?--a 2-year 

prospective cohort study. Invest Ophthalmol Vis Sci. 2008;49(4):1322-1327. 

10. Jiang BC, Schatz S, Seger K. Myopic progression and dark focus variation in 

optometric students during the first academic year. Clinical & experimental 

optometry. 2005;88(3):153-159. 

11. Loman J, Quinn GE, Kamoun L, et al. Darkness and near work: myopia and its 

progression in third-year law students. Ophthalmology. 2002;109(5):1032-1038. 

12. Williams KM, Bertelsen G, Cumberland P, et al. Increasing prevalence of myopia in 

Europe and the impact of education. Ophthalmology. 2015;122(7):1489-1497. 

13. Wyatt ID. Occupational changes during the 20th century. Monthly Lab Rev. 

2006;129:35. 

14. Frey CB, Osborne MA. The future of employment: How susceptible are jobs to 

computerisation? Technological forecasting and social change. 2017;114:254-280. 

15. Yazar S, Hewitt AW, Black LJ, et al. Myopia is associated with lower vitamin D 

status in young adults. Invest Ophthalmol Vis Sci. 2014;55(7):4552-4559. 

16. McKnight CM, Sherwin JC, Yazar S, et al. Myopia in young adults is inversely 

related to an objective marker of ocular sun exposure: the Western Australian Raine 

cohort study. American journal of ophthalmology. 2014;158(5):1079-1085. 

17. Read SA, Vincent SJ, Tan CS, Ngo C, Collins MJ, Saw SM. Patterns of Daily 

Outdoor Light Exposure in Australian and Singaporean Children. Translational vision 

science & technology. 2018;7(3):8. 

18. McKnight CM, Newnham JP, Stanley FJ, et al. Birth of a cohort--the first 20 years of 

the Raine study. The Medical journal of Australia. 2012;197(11):608-610. 



19. Yazar S, Forward H, McKnight CM, et al. Raine eye health study: design, 

methodology and baseline prevalence of ophthalmic disease in a birth-cohort study of 

young adults. Ophthalmic Genet. 2013;34(4):199-208. 

20. Chan E, Chong EW, Lingham G, et al. Prevalence of Keratoconus Based on 

Scheimpflug Imaging: The Raine Study. Ophthalmology. 2020. 

21. Lingham G, Mackey DA, Sanfilippo PG, et al. Influence of prenatal environment and 

birth parameters on amblyopia, strabismus, and anisometropia. J AAPOS. 2020. 

22. Lee SSY, Lingham G, Alonso-Caneiro D, et al. Choroidal Thickness in Young Adults 

and its Association with Visual Acuity. American journal of ophthalmology. 

2020;214:40-51. 

23. Lee SS-Y, Lingham G, Alonso-Caneiro D, et al. Macular Thickness Profile and Its 

Association With Best-Corrected Visual Acuity in Healthy Young Adults. 

Translational vision science & technology. 2021;10(3):8-8. 

24. Sanfilippo PG, Huynh E, Yazar S, Hewitt AW, Mackey DA. Spectral-domain optical 

coherence tomography-derived characteristics of Bruch membrane pening in a young 

adult Australian population. American journal of ophthalmology. 2016;165:154-163. 

25. Lee SS, Lingham G, Yazar S, et al. Rationale and protocol for the 7- and 8-year 

longitudinal assessments of eye health in a cohort of young adults in the Raine Study. 

BMJ Open. 2020;10(3):e033440. 

26. Sherwin JC, McKnight CM, Hewitt AW, Griffiths LR, Coroneo MT, Mackey DA. 

Reliability and validity of conjunctival ultraviolet autofluorescence measurement. The 

British journal of ophthalmology. 2012;96(6):801-805. 

27. Flitcroft DI, He M, Jonas JB, et al. IMI - Defining and Classifying Myopia: A 

Proposed Set of Standards for Clinical and Epidemiologic Studies. Invest Ophthalmol 

Vis Sci. 2019;60(3):M20-M30. 

28. Jones-Jordan LA, Sinnott LT, Chu RH, et al. Myopia Progression as a Function of 

Sex, Age, and Ethnicity. Invest Ophthalmol Vis Sci. 2021;62(10):36. 

29. Ying GS, Maguire MG, Glynn RJ, Rosner B. Tutorial on Biostatistics: Longitudinal 

Analysis of Correlated Continuous Eye Data. Ophthalmic Epidemiol. 2020:1-18. 

30. Fan DS, Lam DS, Lam RF, et al. Prevalence, incidence, and progression of myopia of 

school children in Hong Kong. Invest Ophthalmol Vis Sci. 2004;45(4):1071-1075. 

31. French AN, Morgan IG, Burlutsky G, Mitchell P, Rose KA. Prevalence and 5- to 6-

year incidence and progression of myopia and hyperopia in Australian schoolchildren. 

Ophthalmology. 2013;120(7):1482–1491. 

32. Saw SM, Tong L, Chua WH, et al. Incidence and progression of myopia in 

Singaporean school children. Invest Ophthalmol Vis Sci. 2005;46(1):51-57. 

33. Tsai DC, Fang SY, Huang N, et al. Myopia Development Among Young 

Schoolchildren: The Myopia Investigation Study in Taipei. Invest Ophthalmol Vis Sci. 

2016;57(15):6852-6860. 

34. Wang SK, Guo Y, Liao C, et al. Incidence of and Factors Associated With Myopia 

and High Myopia in Chinese Children, Based on Refraction Without Cycloplegia. 

JAMA Ophthalmol. 2018;136(9):1017-1024. 

35. Yao L, Qi LS, Wang XF, et al. Refractive Change and Incidence of Myopia Among A 

Group of Highly Selected Senior High School Students in China: A Prospective Study 

in An Aviation Cadet Prerecruitment Class. Invest Ophthalmol Vis Sci. 

2019;60(5):1344-1352. 

36. McCullough SJ, O'Donoghue L, Saunders KJ. Six Year Refractive Change among 

White Children and Young Adults: Evidence for Significant Increase in Myopia 

among White UK Children. PLoS ONE. 2016;11(1):e0146332. 



37. Tideman JWL, Polling JR, Jaddoe VWV, Vingerling JR, Klaver CCW. 

Environmental Risk Factors Can Reduce Axial Length Elongation and Myopia 

Incidence in 6- to 9-Year-Old Children. Ophthalmology. 2019;126(1):127-136. 

38. Saxena R, Vashist P, Tandon R, et al. Incidence and progression of myopia and 

associated factors in urban school children in Delhi: The North India Myopia Study 

(NIM Study). PLoS ONE. 2017;12(12):e0189774. 

39. Lv L, Zhang Z. Pattern of myopia progression in Chinese medical students: a two-

year follow-up study. Graefe's archive for clinical and experimental ophthalmology = 

Albrecht von Graefes Archiv fur klinische und experimentelle Ophthalmologie. 

2013;251(1):163-168. 

40. Australian Bureau of Statistics. Hitting the books: Characteristics of higher education 

students. Australian Bureau of Statistics. 

https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4102.0Main+Features20July+

2013. Published 2013. Accessed 14/07/2021, 2021. 

41. Xiong S, Sankaridurg P, Naduvilath T, et al. Time spent in outdoor activities in 

relation to myopia prevention and control: a meta-analysis and systematic review. 

Acta ophthalmologica. 2017;95(6):551-566. 

42. He M, Xiang F, Zeng Y, et al. Effect of Time Spent Outdoors at School on the 

Development of Myopia Among Children in China: A Randomized Clinical Trial. 

JAMA. 2015;314(11):1142-1148. 

43. Jin JX, Hua WJ, Jiang X, et al. Effect of outdoor activity on myopia onset and 

progression in school-aged children in northeast China: the Sujiatun Eye Care Study. 

BMC Ophthalmol. 2015;15:73. 

44. Wu PC, Chen CT, Lin KK, et al. Myopia Prevention and Outdoor Light Intensity in a 

School-Based Cluster Randomized Trial. Ophthalmology. 2018;125(8):1239-1250. 

45. Wu PC, Tsai CL, Wu HL, Yang YH, Kuo HK. Outdoor activity during class recess 

reduces myopia onset and progression in school children. Ophthalmology. 

2013;120(5):1080-1085. 

46. Kearney S, O'Donoghue L, Pourshahidi LK, Richardson PM, Saunders KJ. The use of 

conjunctival ultraviolet autofluorescence (CUVAF) as a biomarker of time spent 

outdoors. Ophthalmic & physiological optics : the journal of the British College of 

Ophthalmic Opticians. 2016;36(4):359-369. 

47. Hyman L, Gwiazda J, Hussein M, et al. Relationship of age, sex, and ethnicity with 

myopia progression and axial elongation in the correction of myopia evaluation trial. 

Archives of ophthalmology. 2005;123(7):977-987. 

48. Yip VC, Pan CW, Lin XY, et al. The relationship between growth spurts and myopia 

in Singapore children. Invest Ophthalmol Vis Sci. 2012;53(13):7961-7966. 

49. Australian Bureau of Statistics. Gender Indicators, Australia. 

https://www.abs.gov.au/statistics/people/people-and-communities/gender-indicators-

australia/latest-release#education. Published 2020. Updated 15/12/2020. Accessed 24 

Jun 2021. 

50. Brennan NA, Toubouti YM, Cheng X, Bullimore MA. Efficacy in myopia control. 

Progress in retinal and eye research. 2020:100923. 

51. Scheiman M, Gwiazda J, Zhang Q, et al. Longitudinal changes in corneal curvature 

and its relationship to axial length in the Correction of Myopia Evaluation Trial 

(COMET) cohort. J Optom. 2016;9(1):13-21. 

52. Bullimore MA, Jones LA, Moeschberger ML, Zadnik K, Payor RE. A retrospective 

study of myopia progression in adult contact lens wearers. Invest Ophthalmol Vis Sci. 

2002;43(7):2110-2113. 

https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4102.0Main+Features20July+2013
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4102.0Main+Features20July+2013
https://www.abs.gov.au/statistics/people/people-and-communities/gender-indicators-australia/latest-release#education
https://www.abs.gov.au/statistics/people/people-and-communities/gender-indicators-australia/latest-release#education


53. Straker L, Mountain J, Jacques A, et al. Cohort Profile: The Western Australian 

Pregnancy Cohort (Raine) Study–Generation 2. International Journal of 

Epidemiology. 2017:dyw308. 

  



Figure legends 

 

Figure 1. Sample size for incidence analysis (Aim 1). a Fewer participants attended the 28-

year follow-up partly because data collection had to cease early because of the COVID-19 

pandemic. Includes 5 with history of laser refractive surgery but known refractive error prior 

to surgery 



Table 1. Risk factors associated with incident myopia between 20- and 28-years  

 All participants 

(n= 516) 

Developed 

myopia (n= 72) 

Did not develop 

myopia (n= 444) 

Univariable analyses Multivariable analysisa 

OR (95%CI) p-value OR (95%CI) p-value 

Sex (n, %) 

• Males 

• Female 

 

261 (50.6%) 

255 (49.4%) 

 

26 (36.1%) 

46 (63.9%) 

 

235 (90.0%) 

209 (82.0%) 

 

Ref 

1.99 (1.19–3.33)  

 

- 

0.009 

 

Ref 

1.81 (1.02–3.22)  

 

- 

0.04 

Ethnicityb (n, %)        

• White 

• East Asians 

• Other/mixed 

458 (88.8%) 

6 (1.2%) 

52 (10.1%) 

60 (83.3%) 

3 (4.2%) 

9 (12.5%) 

398 (89.6%) 

3 (6.8%) 

43 (9.7%) 

Ref 

6.63 (1.31–33.63) 

1.39 (0.64–2.99) 

 

- 

0.02 

0.40 

Ref 

6.13 (1.06 to 35.25)  

1.45 (0.65 to 3.26) 

- 

0.04 

0.55 

Parental myopiab (n, %) 

• None 

• 1 parent myopic 

• Both parents 

myopic 
• No response 

 

373 (72.3%) 

102 (19.8%) 

30 (5.8%) 

9 (1.7%) 

40 (55.6%) 

24 (33.3%) 

7 (9.7%) 

2 (1.4%) 

333 (75.0%) 

78 (17.6%) 

23 (5.2%) 

10 (2.3%) 

Ref 

 

1.86 (1.28–2.70)d 

- 

0.001  

 

Ref 

 

1.57 (1.03–2.38)d 

- 

0.05 

 

Highest educationb (n, %) 

• Up to secondary 

school 

• Vocational 

training 

• Undergraduate 

degree 

• Postgraduate 

degree 

• No response 

 

 

96 (18.6%) 

 

158 (30.6%) 

 

168 (32.3%) 

 

77 (14.9%) 

 

18 (3.3%) 

 

17 (23.6%) 

 

14 (19.4%) 

 

25 (34.7%) 

 

15 (20.8%) 

 

1 (1.4%) 

 

79 (17.9%) 

 

144 (32.4%) 

 

143 (32.2%) 

 

62 (14.0%) 

 

16 (3.6%) 

 

Ref 

 

0.45 (0.21–0.96) 

0.81 (0.41–1.60) 

1.12 (0.52–2.43) 

- 

 

 

 

- 

 

0.04 

 

0.55 

 

0.77 

 

- 

 

Ref 

 

0.57 (0.13–1.02) 

 

0.64 (0.31–1.32) 

 

1.00 (0.44–2.25) 

 

- 

 

 

 

- 

 

0.22 

 

0.44 

 

0.80 

 

- 



CUVAF area 

(median and IQR; 

per 10mm2 

increase)d 

40.7 

[21.6 to 64.5] 

34.0 

[14.8 to 52.7] 

42.8 

[23.3 to 65.4] 
9.87 (9.78–9.97) 0.009 9.86 (9.76–9.97) 0.009 

a Includes all variables in the table; bself-reported; c expressed as median and interquartile range, multivariable analysis generated in a separate 

model in place of time spent outdoor; d odds ratio with each additional parent with myopia; CI= confidence interval; CUVAF= conjunctival 

ultraviolet autofluorescence; IQR= interquartile range. 



Table 2. Baseline (20-year) ocular measures according to incident myopia  

Measure Developed myopia 

(n= 122 eyes) 

Did not develop 

myopia (n= 925 eyes) 

Group difference 

statistical outcomea 

F-statistic P-value 

Spherical 

equivalent (D) 

Median= +0.00 

[IQR= -0.13 to 

+0.25] 

Median= +0.50 

[IQR= +0.25 to +0.75] 

F1,514= 50.2 

 

< 0.001 

Axial length 

(mm) 

Median= 23.52 

[IQR= 23.10 to 

23.88 

Median= 23.30 

[IQR= 22.81 to 23.79] 

F1,512= 7.2 

 

0.007 

Central 

corneal radius 

(mm) 

Median= 7.72 

[IQR= 7.55 to 7.85] 

Median= 7.74 

[IQR= 7.57 to 7.92] 

F1,512= 2.0 

 

0.16 

Lens thickness 

(mm) 

Median= 3.46 

[IQR= 3.33 to 3.58] 

Median= 3.51 

[IQR= 3.38 to 3.64] 

F1,474= 5.0 

 

0.03 

a Group difference analyzed using linear mixed-effect models to account for the within-

subject correlation between two eyes and adjustment for sex and ethnicity. 

IQR= interquartile range 

  



Table 3. Refraction shift over 8 years (total n= 691 participants) 

Refractive shift# 
Left eye 

Myopic shift No change Hyperopic shift 

Right 

eye 

Myopic shift 152 (22.0%) 56 (8.1%) 0 

No change 53 (7.6%) 361 (52.2%) 45 (6.5%) 

Hyperopic shift 0 10 (1.4%)   14 (2.0%) 

Myopic/hyperopic shift defined as a change in refraction of 0.50 D or more 

 

  



Table 4. Estimated annual change in myopia-related parameters for all participants, men, and 

women 

Measure 

(change/year) 
Estimate (97.5%CI)a 

Statistical outcomea 

F-statistic p-value 

All participants    

Spherical equivalent 

(D) 

-0.041 [-0.055 to -

0.027] F1,1972= 27.6 

< 0.001 

Axial length (mm) 0.020 [0.014 to 0.025] F1,1962= 87.3 < 0.001 

Corneal radius (mm) 0.000 [-0.002 to 0.002] F1,1965= 18.5 0.91 

Lens thickness (mm) 0.020 [0.017 to 0.024] F1,1819= 170.7 <0.001 

Men    

Spherical equivalent 

(D) -0.018 [-0.036 to 0.001] F1,959= 17.7 

0.030 

Axial length (mm) 0.010 [0.004 to 0.016] F1,956= 53.1 <0.001 

Corneal radius (mm) -0.001 [-0.003 to 0.002] F1,956= 1.3 0.50 

Lens thickness (mm) 0.019 [0.015 to 0.022] F1,887= 160.2 <0.001 

Women    

Spherical equivalent 

(D) 

-0.044 [-0.063 to -

0.025] 
F1,1005= 6.1 

<0.001 

Axial length (mm) 0.022 [0.015 to 0.030] F1,999= 9.1 <0.001 

Corneal radius (mm) 0.000 [-0.002 to 0.002] F1,1001= 0.3 0.97 

Lens thickness (mm) 0.021 [0.016 to 0.026] F1,924= 10.0 <0.001 
a Corrected for ethnicity, conjunctival autofluorescence area, education, parental myopia, 

and sex (where appropriate). CI= confidence interval. a 97.5%CI shown for significance at 

p≤ 0.025 (with the Bonferroni correction for the 2 main outcome measures [spherical 

equivalent and axial length; 0.05/2]).  


