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Abstract 

The Singapore Cohort Study of the Risk Factors for myopia (SCORM) is a 

longitudinal school-based study that recruited 1979 children, aged 7 to 9 years old 

between 1999 and 2001, who were re-examined as adolescents in 2006 and 2007. This 

current study is to determine the prevalence, incidence and progression of myopia 

among Singapore teenagers and describe any trend in the SCORM study. 

At each visit, participants underwent comprehensive eye examinations that 

included cycloplegic autorefraction and ocular biometry measurements. The prevalence 

of myopia (SE<-0.5D) and high myopia (SE<-6.0D) among Singapore teenagers aged 11-

18 years old was 69.1% [95% confidence interval (CI) 66.5-71.7] and 7.1% (95% CI 5.8-

8.7), respectively, with the highest prevalence in people of Chinese ethnicity (p<0.001). 

The annual incidence was 13.7% (95% CI 9.8-17.6). Males had twice the incidence of 

females (p=0.043), and adolescents with longer axial lengths (p<0.001) and deeper 

vitreous chamber (p<0.001) had higher myopia incidence. Annual myopia progression 

was -0.32 Diopters (D) (SD=0.40), with no difference by age, race or gender. However, 

adolescents with higher myopia levels at 2006 had significantly faster myopia 

progression rates (p<0.001). 

  Myopia prevalence in Singapore teenagers, especially Singapore Chinese 

teenagers, is one of the highest in the world. In adolescents, there is still a high rate of 

new onset and rapid progression of myopia. These findings indicate that adolescence 

may still represent a viable period for intervention programs to mitigate myopia onset 

and progression.
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1. Introduction  

In its vision 2020 report, the WHO mentioned uncorrected refractive errors, 

which includes myopia, as the main cause of visual impairment, with an estimate of 153 

million affected people (WHO 2007) and productivity loss valued at I$121.4 billion 

international dollars (Smith, 2009). In children, myopia and corresponding visual 

impairments may affect development, educational and economic attainments (Rahi and 

Gilbert 2012). Myopia has been linked to several eye pathologies (Chen, Lu et al. 2012) 

(Lavanya, Kawasaki et al. 2010) (Russo, Semeraro et al. 2014) (Saw, Chua et al. 2005), and 

the risks of these pathologies increase the longer an individual has myopia. In the long 

term, myopic patients are disproportionately affected by pathologic myopia (Wong, 

Ohno-Matsui et al. 2014) in which there is extreme nearsightedness that leads to severe 

eye changes such as abnormal blood vessel growth and retinal detachment that causes 

visual impairment (Wong, Ferreira et al. 2014). Most myopia develops in childhood, but 

there are reported cases of new onset in adults. While there have been studies on 

myopia prevalence rates, incidence and eye changes in children and adults (Saw, Chua 

et al. 2005) (Guzowski, Wang et al. 2003) (Lee, Klein et al. 2002), myopia studies 

involving adolescent age participants have largely focused on prevalence rates, and 

incidence rates in different populations. However, there are few longitudinal studies 

have studied the changes in refractive error that occur in myopic adolescents.  
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1.1 Worldwide myopia prevalence in adolescents 

Table 1 shows the reported prevalences in studies comprising of adolescents i.e. 

aged between 9 and 19. A few studies comprise of people younger than 9 years old, but 

were stil included if the majority of participants were within the adolescent age range. 

The regional distribution of myopia prevalence among adolescents is similar to that seen 

in adults(Pan, Ramamurthy et al. 2012) with the lowest rates seen in Africa and highest 

reported rates in SouthEast Asia, with prevalence rates as  high as 80% in China (Wu, 

You et al. 2015) and 78% in South Korea (Jung, Lee et al. 2012). South Asia has a lower 

myopia prevalence rates, with the highest rate of 19% in Nepal and 15% in India, similar 

to Chile with a prevalence of just under 15%. In Europe rates ranged from as little as 

15% in Ireland to 29% in England. African countries have the lowest reported rates of 

myopia prevalence in adolescents, which similarly mirrors the low prevalence rates 

found in adults in this region. Sudan has a prevalence rate of just 1.5% (Rushood, Azmat 

et al. 2013) while Equitorial Guinea has the highest rate of 11% among adolescents 

(Soler, Anera et al. 2015). 

Finally, the data shows a secular trend in increasing prevalence of myopia even 

within age group. For example, in the US, the prevalence rate from a population-based 

study was 33% among 12-16 year olds, which was an increase from 24% from the 1971-

1972 data (Vitale, Sperduto et al. 2009).



 

 3 

Table 1: Worldwide Prevalence of myopia among adolescents (9-19) 

Author, (Study Year(s)) Country (City) N Age  Definition 

(Diopters, D) 

Refraction 

method  

Prevalence 

(%, 95% CI) 

(Li, Liu et al. 2013)Li et al, 2013 

(2011-2012) 

China (Anyang) 2,363 10-16 <-0.50D Cycloplegic 

autorefraction 

67.3, N/A 

(Fan, Lam et al. 2004)Fan et al, 

2004 (1998-2000) 

China (Hong Kong) 7,560 5-16 ≤-0.50D VA, cycloplegic 

autorefraction 

37, N/A 

(Saxena, Vashist et al. 

2015)Saxena, 2015 (N/A) 

India (Delhi) 9,884 11-15 ≤-0.50D VA, cycloplegic 

autorefraction 

15.3, N/A 

(Rezvan, Khabazkhoob et al. 

2012)Rezvan, 2012 (2010) 

Northeastern Iran 2,020 6-17 

 

≤-0.50D Cycloplegic 

autorefraction 

4.3, 3.3–5.3 

(Goh, Abqariyah et al. 2005)Goh 

2005 (2003) 

Malaysia (Gombak 

district) 

4,634 7-15 ≤-0.50D VA, cycloplegic 

autorefraction 

20.7, 17.3–

24.1 

(Sapkota, Adhikari et al. 

2008)Sapkota, 2008 (2006) 

Nepal (Kathmandu) 4,282 10-15 ≤-0.50D Cycloplegic 

autorefraction 

19.0, 17.8–

20.2 

(Ip, Huynh et al. 2008)Ip, 2008 

(2003-2005) 

Australia (Sidney) 2,353 11-15 ≤-0.50D Cycloplegic 

autorefraction 

11.9, 6.6–17.2 

(Logan, Shah et al. 2011)Logan, 

2011 (2006-2011) 

England 

(Birmingham) 

1,200 12-13 ≤−0.50 D VA, cycloplegic 

autorefraction 

29.4, 24.2–

34.6 

(French, O'Donoghue et al. 

2012)French et al, 2012 (2006–

2008) 

Northern Ireland 661 12-13 ≤-0.50D Cycloplegic 

autorefraction 

 

15, N/A 

(Maul, Barroso et al. 2000)Maul, 

2000 (1998) 

Chile (Santiago) 6,998 5-15 ≤-0.50D Cycloplegic 

retinoscopy 

14.7, N/A 

(Soler, Anera et al. 2015)Soler 

2015 (2012) 

Equatorial Guinea 

(Malabo) 

302 9-16 ≤-0.50D VA, cycloplegic 

autorefraction 

10.6, N/A 

(Kumah, Ebri et al. 2013)Kumah, 

2013 (2009) 

Ghana (Ashanti 

region) 

2,454 12-15 ≤-0.50D VA, cycloplegic 

autorefraction 

3.4, 2.7-4.2 

(Wu, You et al. 2015)Wu et al, China (Beijing) 4,677 16-18 ≤−1.00D Non- 80.7, 79.6–
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2015 (N/A)  cycloplegic 

auto-refraction 

81.8 

(Rudnicka, Owen et al. 

2010)Rudnicka, 2010 (2006-

2007) 

UK (London, 

Birmingham, and 

Leicester) 

1,029 9-12 ≤-0.50D Non-cyclopegic 

autorefraction 

11.9, 10.0–

14.0 

(Vitale, Sperduto et al. 

2009)Vitale, Sperduto, Ferris, 

2009 (1999-2004) 

USA N/A 12-17 ≤-2.0D VA, 

Autorefraction 

 

33.9, 30.8-

37.0 

(Mehari and Yimer 2013)Mehari, 

Yimer, 2013 (2010-2011) 

Central Ethiopia 4,238 10-18 ≤-0.50D VA, non-

cycloplegic 

refractions 

3.9, N/A 

(Naidoo, Raghunandan et al. 

2003)Naidoo, 2003 (2002) 

South Africa 

(Durban) 

5,599 

 

5-15 ≤-0.50D Retinoscopy 4.0, 3.3–4.8 

(Rushood, Azmat et al. 

2013)Rushood, 2013 (2005-2007) 

Sudan (Khartoum) 670,660 6-15 N/A N/A 1.5, N/A 
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1.2 High myopia rates in Asian adolescents and reasons  

As shown in table 1, adolescents in South East Asia have the highest rates of 

myopia, which is comparable to the high rates also seen among South East Asian adults 

when compared to the rest of the world (Pan, Ramamurthy et al. 2012). Several genetic 

and environmental factors have been associated with the increasing prevalence of 

myopia in certain populations. In a family study conducted between 1989 and 1991, The 

Framingham Offspring Eye Study found a strong association of myopia within families, 

and Lopes et al 2009 also showed parental myopia to be a strong predictor of myopia 

development in children (Framingham-Offspring-Eye-Study-Group 1996) (Lopes, 

Andrew et al. 2009). Statistical models have also been used to show that genetic factors 

explain about 80% of the variability in refractive errors (Hammond, Snieder et al. 2001, 

Lopes, Andrew et al. 2009). Genome studies have identified specific loci for familial high 

myopia and have shown associations with refractive error and increased risk of myopia 

in individuals “carrying the highest genetic load” (Kiefer, Tung et al. 2013, Verhoeven, 

Hysi et al. 2013). Some of the genes identified are involved in eye size determination, 

formation of the extracellular matrix, growth and development of retinal cells and 

neuronal signals. Such results give evidence that genetic influence on myopia are 

multifactorial, and may interact to contribute to myopia development. 

However, results from family studies and the trend of increasing myopia prevalence in 

recent birth cohort underscore the important role of the environment in myopia 

prevalence in a population. Some environmental factors that have been associated with 
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increased myopia incidence and prevalence include increased educational level 

(Williams, Bertelsen et al. 2015), decreased time and activities outdoors, higher 

occupational status, urban residence and engaging in more close work (Ramessur, 

Williams et al. 2015).  

1.3 Incidence and progression of myopia 

Most people develop myopia during the juvenile or school age years, referred to 

as juvenile onset myopia, which has been estimated to account for around 60% of 

myopia (Myrowitz 2012). In a twin cohort study in the UK that used age of first 

spectacles to calculate age of onset of myopia, 57.8% reported age of onset before 17 

years old. Out of the 42.3% who reported myopia onset after age 17, 32.1% developed 

myopia before the age of 40, and only 10.2% started wearing spectacles after 40 years old 

(Williams, Bertelsen et al. 2015). In a similar twin study in Australia, 27.7% of the twins 

reported adult onset myopia i.e. wore first spectacles after the age of 18, with over 90% 

happening before age 30 (Dirani, Shekar et al. 2008). These studies show that myopia 

development occurs well into late adolescent and young adulthood, with decreasing rate 

of new onset of myopia as individuals’ age. 

Specifically among adolescents, only a few large, school-based studies have 

studied incidence rates among adolescents. In Hong Kong, Fan et al, 2004 obtained an 

annual myopia incidence of 14.4%, while a 2-year cumulative incidence of 44% was 

obtained in Anyang, China (Li, Li et al. 2014) (Fan, Lam et al. 2004).  
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Once an individual becomes myopic, several eye changes occur, resulting in 

progression of the myopia. In the Collaborative Longitudinal Evaluation of Ethnicity 

and Refractive Error (CLEERE) Study in the USA, an annual myopia progression rate of 

−0.39 D (±0.32 D) was found among children aged 6-14years old with over 74% of the 

participants having myopia progression >-0.25 D (Jones-Jordan, Sinnott et al. 2012). 

In adults, In a prospective cohort study of University graduates in Spain (mean 

age 38.5years old), about 11% of the participants had a myopia progression of >0.5 D 

during the study period (1999 and 2011) (Fernández-Montero, Olmo-Jimenez et al. 2015). 

In Hong Kong annual myopia progression was 0.40 D in myopic adolescents. 

In this present study, we sought to describe previously unpublished rates of 

myopia prevalence, incidence and progression in a school-based cohort of Singaporean 

adolescents aged 11-18. 
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2. Methods 

2.1 Setting and Participants 

The Singapore Cohort study Of the Risk factors for Myopia (SCORM) was a 

school based cohort study conducted across three schools in Singapore. Participants’ 

recruitment and methodology have been described in published articles (Yip, Pan Cw 

Fau - Lin et al.). In brief, eligible students in grades 1-3 (age ranging from 7-9 years old) 

from 3 schools (2 in the eastern region and 1 in the northern region of Singapore) were 

invited to participate. Children with medical conditions such as heart disorders, 

syndrome-associated myopia, or serious eye disorders were excluded. In total 2819 

students were invited, and 1979 participated in the baseline study between 1999 and 

2001. These children underwent annual eye examinations for three years. In 2006 and 

2007, they were then recalled to undergo repeat eye examinations. This current analysis 

was performed using data collected from children who were enrolled in school in 2006 

and 2007. Ethical approval was obtained from the Singapore Eye Research Institute 

ethics board. Informed written consent was obtained from parents, after giving an 

explanation of the nature and involvement of the study to the parents. 
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2.2 Procedures 

Autorefraction and biometry measurements 

At each visit, children underwent cycloplegic autorefraction eye measurement 

and optical ultrasound biometry measurements.  Three drops of 1% cyclopentolate 

hydrochloride was applied 5 minutes apart to induce cycloplegia after one drop of 0.5% 

proparacaine was applied to each eye. After at least 30 minutes after the last drop, five 

consecutive refraction and keratometry readings were obtained with calibrated 

autokeratorefractometers (model RK5; Canon, Inc Ltd, Tochigiken, Japan). After one 

drop of 0.5% oxybuprocaine (proparacaine) hydrochloride (Alcaine: Alcon-Couvreur) 

was used to anesthetize the cornea, contact ultrasound biometry measures were taken 

using the Echoscan biometry machine (Echoscan model US-800; Nidek Co, Ltd, Tokyo, 

Japan; probe frequency of 10 mHz). The average of six values was taken, while ensuring 

that that the standard deviation of the six measurements was less than 0.12mm. Repeat 

measures were taken as needed.  

 

2.3 Definitions and Data Analysis 

Spherical equivalent was defined as sphere plus half cylinder. Only the results 

from the right eye were used in this analysis, since the Pearson correlation coefficient 

between right and left eye measurement was 0.95. Change in refraction was defined as 

the eye measurement value at the 2006 follow-up examination subtracted from the value 

at the 2007 measurement. Myopia incidence was defined as the proportion of subjects 
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without myopia in 2006, who developed myopia at 2007 follow up. Probabilities were 

considered statistically significant at less than 0.05, and statistical analyses were 

conducted using Stata version 13.0 
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3. Results 

Of the 1979 participants eligible for this study at baseline (1999-2001), 1251 

(63.1%) adolescents returned for the 2006 follow-up, while 1037 (52.4%) returned in 2007 

as shown in figure 1. As shown in table 2, there were no statistical differences in age 

(p=0.96), gender (p=0.97), race (p=0.19), spherical equivalent (p=0.37) and other ocular 

biometry measurements (0.095 for axial length, 0.14 for VCD, 0.14 for lens thickness, and 

0.11 for ACD) between those who had a complete set of follow-up data in the adolescent 

years and those who missed one or both follow-ups.  

After the exclusion of 5 people with incomplete refraction and ocular biometry 

data in 2006, readings from 1246 adolescents aged 11-18 years were used to calculate 

myopia prevalence and average ocular biometry parameters. Similarly, after excluding 

50 people with incomplete refraction and ocular biometry data in 2007, data from 987 

adolescents were used to calculate myopia incidence, progression and changes in ocular 

biometry parameters.  
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Figure 1: Follow-up status of eligible myopic and non-myopic children from 

childhood to adolescent years 
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Table 2: Demographic and ocular characteristics of adolescents (follow-up versus no follow-up) 

 Baseline* 2006 Follow-up 
** 

2007 Follow-up 
§§ 

Lost to follow up 
total⌘ 

p 

n 1979 1251 1037 942  

Age (mean, SD) 7.83, 0.84 7.82, 0.85 7.81, 0.84 7.86, 0.84 0.96 

Sex      0.97 

Male 
(%, CI) 

1001 
(50.6, 48.4-52.8) 

616 
(49.2, 46. 4-52.0) 

505 
(48.7, 45.6-51.8) 

496 
(52.7, 49.4-55.9) 

 

Female 
(%, CI) 

978 
(49.4, 47.2-51.7) 

635 
(50.8, 48.0-53.6) 

532 
(51.3, 48.2-54.4) 

446 
(47.4, 44.1-50.6) 

 

Ethnicity, 
n (%, CI) 

    0.19 

Chinese 1,479 
(74.7, 72.8-

76.64) 

891 
(71.2, 68.6-73.7) 

743 
(71.7, 68.8, 

74.4) 

736 
(78.1, 75.8-80.7) 

 

Malay 349 
(17.6, 16.0-

19.39) 

259 
(20.7, 18.5-23.1) 

213 
(20.54, 18.1, 

23.1) 

136 
(14.4, 12.3-16.8) 

 

Indian and others 151 
(7.6, 6.5-8.89) 

101 
(8.1, 6.6-9.7) 

81 
(7.81, 6.3-9.6) 

70 
(7.4, 5.8-9.3) 

 

Ocular components 
(mean, SD) 

     

Spherical equivalent, D -0.37, 1.67 -2.13, 2.43 -2.44, 2.57 -0.44, 1.69 0.37 

Axial length, mm 23.32, 0.94 24.32, 1.18 
 

24.57, 1.20 23.38, 0.97 0.095 

Right vitreous chamber 
depth, mm 

16.24, 0.90 17.25, 1.13 17.38, 1.15 16.29, 0.93 0.14 

Lens thickness, mm 3.48, 0.18 3.50, 0.21 3.50, 0.19 3.46, 0.17 0.14 

Anterior chamber 
depth, mm 

3.60, 0.28 3.56, 0.32 3.56, 0.32 3.63, 0.27 0.11 

Central cornea 
thickness, nm 

N/A 7.88, 0.25 7.77, 0.25 N/A N/A 
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*Baseline missing data. Spherical equivalent: (2); axial length: (34); vitreous chamber depth: (36); 

lens thickness: (46); anterior chamber depth: (46). 

**2006 f/up missing data. Spherical equivalent: (2); axial length: (3); vitreous chamber depth: (4); 

lens thickness: (3); anterior chamber depth: (3); corneal curvature: (1). 

§Lost to 2006 follow up missing data. Spherical equivalent: (0); axial length: (13); vitreous 

chamber depth: (14); lens thickness: (14); anterior chamber depth: (14); corneal curvature: (1). 

§§2007 f/up missing data. Spherical equivalent: (1); axial length: (27); vitreous chamber depth: 

(27); lens thickness: (1); anterior chamber depth: (1); corneal curvature: (1). 

⌘Lost to follow up total missing data. Spherical equivalent: (0); axial length: (20); vitreous 

chamber depth: (22); lens thickness: (22); anterior chamber depth: (22). 

p: between people with complete follow-up, and people missing 1 or 2 follow up 

 
 

3.1 Prevalence of myopia and distribution of ocular parameters  

As shown in table 3, the overall prevalence of myopia (SE<-0.5 D) was 69.1% 

(95% CI 66.5-71.7), while high myopia  (SE <-5.0 D) was 12.6% (95% CI 10.8-14.6). There 

was no difference in prevalence of low myopia by age, or by gender, but Chinese 

adolescents had statistically significant higher myopia prevalence. Older adolescents 

(aged 14-18years old) also had a higher prevalence of high myopia, while there was no 

difference by gender or race in high myopia prevalence.  

In this cohort, overall mean refractive error mean axial length (AL), vitreous 

chamber depth (VCD), lens thickness (Lens), anterior chamber depth (ACD) and corneal 

curvature radius (Cor) were -2.13 D, 24.32 mm, 17.25 mm, 3.51 mm, 3.56 mm and 7.88 

mm respectively. There were no significant differences in ocular parameters by age, 

gender or ethnicity. However, there were no significant differences in ACD and corneal 

curvature by myopia status as shown in table 4. 

Figure 2 shows the distribution of refraction and axial length among this 

adolescent cohort in 2006 and 2007. Spherical equivalent is negatively skewed to the 
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right of the mean, and kurtotic at 0.36, while axial length is more normally distributed 

but still kurtotic at 3.03. There is minimal change in the distributions of these two 

parameters within the one-year interval, except that spherical equivalent shifted slightly 

to the left, as adolescents became more myopic, and axial length shifted slightly to the 

right reflecting the increase in axial length in the one year interval.  
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Table 3: Prevalence of Myopia among Singaporean adolescents aged 
11-18 years (N=1246) 

 N Myopia  
(<-0.5 D) 
% (95%CI) 

Myopia  
(<-0.75 D) 
% (95%CI) 

High Myopia  
(<-5.0 D) 
% (95%CI) 

High Myopia  
(<-6.0 D) 
% (95%CI) 

Total 1246 69.1 (66.5-71.7) 65.1 (62.4-67.7) 12.6 (10.8-
14.6) 

7.1 (5.8-8.7) 

Age       

   11-13 454 72.3 (67.9-76.3) 67.2 (62.6-71.5) 9.5 (6.9-12.5) 5.1 (3.2-7.5) 

   14-18 792 67.3 (63.9-70.6) 63.9 (60.4-67.2) 14.4 (12.0-
17.0) 

8.3 (6.5-10.5) 

p  0.069 0.24 0.012 0.031 

Gender      

   Male 612 66.8 (62.9-70.6) 61.6 (57.6-65.5) 12.8 (10.2-
15.6) 

8.3 (6.3-10.8) 

  Female 634 71.3 (67.6-74.8) 68.5 (64.7-72.1) 12.5 (10.0-
15.3) 

6.0 (4.3-8.1) 

p  0.088 0.011 0.88 0.11 

Race      

    Chinese 887 75.1 (72.1-77.9) 71.7 (68.6-74.6) 15.0 (12.7-
17.5) 

8.2 (6.5-10.2) 

  Malay 258 52.7 (46.4-58.9) 46.9 (40.7-53.2) 5.4 (3.0-8.9) 3.1 (1.3-6.0) 

  Indian and 
other races 

101 58.4 (48.2-68.1) 53.5 (43.3-63.5) 9.9 (4.9-17.5) 7.9 (3.5-15.0) 

p  <0.001 <0.001 <0.001 0.018 

D=Diopter, CI= Confidence Interval 
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Figure 2: Distribution of a. spherical equivalents and b. axial length in 2006 and 2007 

among Singaporean adolescents aged 11-18year olds. 
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Table 4: Mean refractive and ocular biometry parameters among 
Singaporean adolescents 

 N Mean (SD) (range) 

Spherical equivalent (D) 1246 -2.13 (2.43) (-11.75, 4.95) 

   Myopic 861 -3.29  (2.00) (-11.75, -0.53) 

   Non-myopic 385 0.46 (0.66)  (-0.5, 4.95) 

p  <0.001 

Axial length (mm) 1246 24.32 (1.18) (20.62, 28.33) 

   Myopic 861 24.77 (1.04) (21.87, 28.33) 

   Non-myopic 385 23.30 (0.78) (20.62, 25.57) 

p  <0.001 

Vitreous chamber depth (mm) 1246 17.25 (1.13) (13.94, 21.10) 

   Myopic 861 17.68 (1.01) (13.94, 21.10) 

   Non-myopic 385 16.29 (0.76) (13.96, 18.75) 

p  <0.001 

Lens thickness (mm) 1246 3.51 (0.21) (2.89, 7.22) 

   Myopic 861 3.50 (0.23) (2.89, 7.22) 

   Non-myopic 385 3.52 (0.18) (3.15, 4.15) 

p  <0.001 

Anterior chamber depth (mm) 1246 3.56 (0.32) (2.52, 4.79) 

   Myopic 861 3.59 (0.33) (2.52, 4.79) 

   Non-myopic 385 3.49 (0.31) (2.70, 4.30) 

p  0.24 

Corneal curvature (mm) 1246 7.88 (0.25) (6.81, 8.79) 

   Myopic 861 7.87 (0.25) (7.05, 8.79) 

   Non-myopic 385 7.90 (0.26) (6.81, 8.63) 

p  0.24 
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3.2 Myopia incidence and eye growth changes in adolescents 

Overall annual myopia incidence was 13.7% (95% CI 9.8,17.6), as shown in table 

5. There was no significant difference among the annual incidence by age groups or by 

race. However, annual incidence in male adolescents was twice as high as in females, 

and also increased directly with an increase in AL and VCD. However myopia incidence 

rate was similar across different levels of lens thickness, ACD and corneal curvature.  
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Table 5: Annual incidence of myopia (2006-2007) by demographic and 
baseline biometry parameters (in emmetropes in 2006, N=299) 

 N Annual incidence rate  % (95% CI) 

Total 299 13.7 (9.8-17.6) 

Age    

   11-13 112 11.6 (5.7-17.5) 

   14-18 187 14.9 (9.9-20.1) 

   p  0.41 

Race   

   Chinese 181 16.0 (10.7-21.4) 

   Malay 87 8.0 (2.3-13.8) 

   Indian and other races 31 16.1 (3.2-29.1) 

   p  0.19 

Gender    

   Male 153 17.6 (11.6-23.7) 

   Female 146 9.6 (4.8-14.4) 

   p  0.043 

2006 Biometry   

Axial length (mm)   

   1st level (20.62, 22.70) 73 5.5 (0.3-10.7) 

   2nd  level (22.71, 23.28) 74 9.5 (2.8-16.1) 

   3rd   level (23.29, 23.85) 77 9.1 (2.7-15.5) 

   4th   level (23.86, 25.32) 75 30.6 (20.2-41.1) 

   p  <0.001 

Vitreous chamber depth (mm)   

   1st  level (13.96, 15.77) 72 5.6 (0.3-10.8) 

   2nd  level (15.78, 16.23) 77 7.8 (1.8-13.8) 

   3rd   level (16.25, 16.83) 74 18.9 (10.0-27.8) 

   4th   level (16.84, 18.55) 76 22.4 (13.0-31.7) 

   p  0.0050 

Lens thickness (mm)   

   1st  level (3.15, 3.39) 68 11.8 (4.1-19.4) 

   2nd  level (3.40, 3.51) 78 10.3 (3.5-17.0) 

   3rd   level (3.52, 3.63) 78 17.9 (9.4-2.6) 

   4th   level (3.64-4.15) 75 14.7 (6.7-22.7) 

   p  0.52 

Anterior chamber depth (mm)   

   1st  level (2.74, 3.25) 73 8.2 (1.9-14.5) 

   2nd  level (3.26, 3.45) 74 10.8 (3.7-17.9) 

   3rd   level (3.46, 3.68) 72 13.9 (5.9-21.9) 

   4th   level (3.70, 4.30) 80 21.3 (12.3-30.2) 

   p  0.10 

Corneal curvature radius (mm)   

   1st  level (7.18, 7.73) 74 8.1 (1.9-14.3) 

   2nd  level (7.74, 7.90) 75 17.3(8.8-25.9) 

   3rd   level (7.91, 8.06) 72 16.7 (8.1-25.3) 
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   4th   level (8.07, 8.63) 78 12.8 (5.4-20.2) 

   p  0.34 
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3.3 Myopia progression and eye growth changes  

The overall mean change in refractive error among this cohort was -0.28 D, with 

no significant difference among myopic and non-myopic adolescents (p=0.40). Overall, 

the mean changes in axial length, vitreous chamber depth, lens thickness, anterior 

chamber depth and corneal curvature radius were 0.27mm, 0.14mm, 0.002mm, 0.13mm 

and, -0.11mm respectively. There were no statistically significant differences between 

myopic and non-myopic adolescents, except corneal curvature radius, which reduced by 

0.12 in adolescents myopic in 2006 but by 0.10 in non-myopic adolescents (p<0.001). 
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Table 6: Mean changes in ocular parameters among Singaporean 
adolescents, by myopic status in 2006, N=987 

 N Mean (SD) (range) 

SE (D) 987 -0.28 (0.40) (-2.10, 1.30) 

   Myopic 688 -0.32 (0.40) (-2.10, 1.30) 

   Non-myopic 299 -0.20 (0.38) (-2, 1.23) 

p  0.40 

AL (mm) 987 0.27 (0.39) (-2.67, 3.83) 

   Myopic 688 0.29 (0.40) (-1.79, 3.83) 

   Non-myopic 299 0.23 (0.37) (-2.67, 1.47) 

p  0.20 

VCD (mm) 987 0.14 (0.25) (-2.91, 2.90) 

   Myopic 688 0.16 (0.24) (-1.09, 2.90) 

   Non-myopic 299 0.11 (0.27) (-2.91, 1.05) 

p  0.015 

Lens thickness (mm) 987 0.002 (0.14) (-0.78, 0.59) 

   Myopic 688 0.0001 (0.14) (-0.78, 0.58) 

   Non-myopic 299 0.008 (0.14) (-0.72, 0.59) 

p  0.68 

ACD (mm) 987 0.13 (0.31) (-0.72, 1.23) 

   Myopic 688 0.13 (0.32) (-0.72, 1.08) 

   Non-myopic 299 0.12 (0.30) (-0.71, 1.23) 

p  0.27 

Cornea curvature radius (mm) 987 -0.11 (0.08) (-0.46, 0.92) 

   Myopic 688 -0.12 (0.08) (-0.46, 0.92) 

   Non-myopic 299 -0.10 (0.05) (-0.30, 0.03) 

p  <0.001 

 

As shown in table 7, there was no significant difference in myopia progression by 

age group, race or gender among myopic adolescents. However, there was a significant 

difference by levels of myopia severity in which adolescents with high myopia had a 

faster annual myopia progression rate than participants with low myopia in 2006 (-0.64 

D/y versus -0.23 D/y). Using a cutoff of -0.5 D, at which there will be a change in glasses 

prescription, myopia progression was classified into two groups; slowly progression 
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and rapidly progressing myopia. 487 (70.8%) of the participants had slowly progressing 

myopia i.e. SE change of less than -0.5 D, while 301 (29.2%) of the adolescents had 

rapidly progressing myopia with SE change greater than -0.25 D by the 1-year follow-

up. Among the people with slow myopia progression were seven people with no change 

in their spherical equivalent, and over 200 people with a positive change in their 

spherical equivalent.   

Table 8 shows the changes in biometry parameters among the myopic 

adolescents. The largest change was in axial length with an overall mean change of 0.29 

mm per year, while VCD, Lens thickness, ACD and corneal curvature radius changed by 

0.16 mm, 0.0001 mm, 0.13 mm and -0.12 mm respectively. Table 9 describes the ratio of 

change in SER to change in axial length.  
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Table 7: Myopia progression in myopic adolescents in 2006, N=688 

 N SE change,  
mean (SD) (range) 

Slow myopia 
progression 
(SER Change < -
0.5D/year)  
% (95% CI)* 

Rapid myopia 
progression (SER 
Change >-
0.5/year) 
% (95% CI) 

Total  688 -0.32 (0.40) 
(-2.10, 1.30) 

70.8 (67.2-74.2) 29.2 (25.8-32.8) 

Age     

   11-13 276 -0.31 (0.41) (-1.78, 0.65) 71.0 (65.3-76.3) 29.0 (23.7-34.7) 

   14-18 412 -0.32 (0.40) (-2.10, 1.30) 70.6 (66.0-75.0) 29.4 (25.0-34.0) 

   p  0.72 0.95 0.95 

Race     

   Chinese 528 -0.35 (0.39) (-2.10, 0.83) 68.8 (64.6-72.7) 31.3 (27.3-35.4) 

   Malay 112 -0.20 (0.42) (-1.80, 1.05) 78.6 (69.8-85.8) 21.4 (14.2-30.2) 

   Indian 
and other 
races 

48 -0.25 (0.46) (-2.04, 1.30) 75.0 (60.4-86.4) 25.0 (13.6-39.6) 

   p  0.17 0.28 0.28 

Gender      

   Male 324 -0.33 (0.40) (-2.10, 0.58) 73.1 (68.0-77.9) 26.9 (22.1-32.0) 

   Female 364 -0.32 (0.40) (-2.04, 1.30) 68.7 (63.6-73.4) 31.3 (26.6-36.4) 

   p  0.69 0.40 0.40 

Spherical 
equivalent 
(2006) 

    

   Low 
myopia 
(−3D<SE 
≤−0.5D) 

349 -0.23 (0.35) (-1.53, 1.30) 79.9 (75.4-84.0) 20.1 (16.0-24.6) 

   Higher 
myopia 
(−6D<SE 
≤−3D) 

267 -0.35 (0.39) (-1.78, 1.05) 68.5 (62.6-74.1) 31.5 (25.9-37.4) 

   High 
myopia  
(≤-6.0D) 

72 -0.64 (0.49) (-2.1, 0.20) 34.7 (23.9-46.9) 65.3 (53.1-76.1) 

   p  <0.001 0.016 0.016 
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Table 8: Changes in biometry parameters in myopic adolescents, N=722 

 N AL change 
(mm) 
Mean (SD) 
(range) 

N Vitreous 
chamber 
depth 
(mm) 
Mean (SD) 
(range) 
 

N Lens 
thickness 
(mm) 
Mean (SD) 
(range) 
 

N ACD (mm) 
Mean (SD) 
(range) 
 

N Corneal 
curvature 
(mm) 
Mean (SD) 
(range) 
 

Total  688 0.29 (0.40) 
(-1.79, 3.83) 

688 0.16 (0.24) 
(-1.09, 2.9) 

688 0.0001 (0.14) 
(-0.78, 0.58) 

688 0.13 (0.31) 
(-0.72, 1.08) 

688 -0.12 (0.08) 
(-0.46, 0.92) 

Age           

   11-13 276 0.37 (0.33) 
(-0.49, 1.54) 

276 0.24 (0.20) 
(-0.84, 
1.31) 

276 -0.02 (0.15) 
(-0.78, 0.58) 

276 0.14 (0.29) 
(-0.56, 1.04) 

276 -0.11 (0.07) 
(-0.46, 0.01) 

   14-18 412 0.24 (0.42) 
(-1.79, 3.83) 

412 0.10 (0.25) 
(-1.09, 2.9) 

412 0.01 (0.13) 
(-0.55, 0.45) 

412 0.13 (0.33) 
(-0.72, 1.08) 

412 -0.12 (0.09) 
(-0.43, 0.92) 

p  <0.001  <0.001  0.046  0.018  <0.001 

Race           

  Chinese 528 0.28 (0.42) 
(-1.79, 3.83) 

528 0.16 (0.26) 
(-1.09, 2.9) 

528 0.01 (0.13) 
(-0.41, 0.58) 

528 0.11 (0.31) 
(-0.72, 1.04) 

528 -0.12 (0.09) 
(-0.43, 0.92) 

  Malay 112 0.30 (0.31) 
(-0.55, 1.11) 

112 0.12 (0.18) 
(-0.33, 
0.59) 

112 -0.02 (0.16) 
(-0.55, 0.53) 

112 0.21 (0.30) 
(-0.59, 0.90) 

112 -0.11 (0.07) 
(-0.46, 0.01) 

   India and 
other races 

48 0.35 (0.34) 
(-0.49, 1.25) 

48 0.16 (0.17) 
(-0.21, 
0.50) 

48 -0.05 (0.17) 
(-0.78, 0.27) 

48 0.24 (0.33) 
(-0.44, 1.08) 

48 -0.11 (0.08) 
(-0.34, -0.005) 

p  <0.001  <0.001  <0.001  0.81  0.078 

Gender            

   Male 324 0.31 (0.43) 
(-1.06, 3.83) 

324 0.18 (0.28) 
(-1.09, 
2.90) 

324 -0.002 (0.13) 
(-0.57, 0.58) 

324 0.12 (0.31) 
(-0.72, 1.08) 

324 -0.12 (0.09) 
(-0.46, 0.92) 

   Female 364 0.28 (0.36) 
(-1.79, 1.12) 

364 0.14 (0.21) 
(-1.02, 
0.77) 

364 0.002, 0.15) 
(-0.78, 0.53) 

364 0.14 (0.32) 
(-0.71, 1.04) 

364 -0.12 (0.07) 
(-0.43, 0.63) 



 

 27 

p  0.002  <0.001  0.0080  0.84  <0.001 

Spherical 
equivalent 
(2006) 

          

   Low myopia 
(−3D<SE 
≤−0.5D) 

349 0.29 (0.35) 
(-1.06, 1.54) 

349 0.14 (0.22) 
(-1.09, 
1.31) 

349 -0.007 (0.14) 
(-0.78, 0.53) 

349 0.15 (0.31) 
(-0.72, 1.02) 

349 -0.10 (0.09) 
(-0.46, 0.92) 

   Higher myopia 
(−6D<SE≤−3D) 

267 0.28 (0.39) 
(-1.79, 1.29) 

267 0.16 (0.21) 
(-1.02, 
0.96) 

267 0.007 (0.13) 
(-0.57, 0.58) 

267 0.10 (0.31) 
(-0.71, 1.02) 

267 -0.13 (0.07) 
(-0.43, -0.01) 

   High myopia  
(≤-6.0D) 

72 0.37 (0.57) 
(-0.48, 3.83) 

72 0.20 (0.40) 
(-0.54, 
2.90) 

72 0.009 (0.13) 
(-0.41, 0.41) 

72 0.16 (0.36) 
(-0.52, 1.08) 

72 -0.15 (0.07) 
(-0.37, -0.02) 

p  <0.001  <0.001  0.47  0.20  <0.001 
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Table 9: Ratio of Change in SER to Change in AL between 2006 and 
2007 according to refractive status 2006 

 Non-
myopic 

Low 
myopia 

Moderate 
myopia 

High myopia 

N 296 346 267 72 

Ratio change 
SER/change AL, D/mm 

0.95 0.53 1.09 0.61 

 

 

3.4 Comparison of myopia incidence and progression in 

childhood and adolescence 

Compared with the data obtained in the early years of this study (table 10), 

adolescents had a similar annual myopia incidence similar to the value obtained in the 

children cohort by the third year of follow-up (14.3% versus 14.0%), which are both 

lower than the incidence in the first year of follow up (21%).  Myopia progression was 

also lower in adolescents, with an overall annual myopia progression of -0.30 D in 

myopic adolescents compared to -0.47 D in myopic children.  

Table 10: Comparison of myopia prevalence, incidence and 
progression among adolescents and children 
 SCORM Children 

(9-11y/o)  
1999-2001 

SCORM Adolescents (11-
18y/o)  
2006-2007 

Annual Incidence (%) 21.6, 14.0 14.3 

Annual Myopia progression 
mean (SD) (range) 

−0.47 ± 0.37 D -0.30 ± 0.45 (-6.83, 1.30) 

   Low myopia  
(1st year, 2nd year, 3rd year) 

-0.90, -0.70, -0.47 -0.23 ± 0.35 (-1.53, 1.30 

   Moderate myopia  
(1st year, 2nd year, 3rd year) 

-1.10, -0.74, -0.49 -0.36 ± 0.42 (-2.65, 1.18) 

   HIgh myopia  
(1st year, 2nd year, 3rd year) 

-0.75, -0.56, -0.25 -0.64 ± 0.49 (-2.1, 0.20) 
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4. Discussion 

This school-based study of Singaporean adolescents aged 11-18years old shows 

that prevalence and annual incidence of myopia is high among Singaporean adolescents 

at 69% and 13.7 % respectively. Prevalence is highest among adolescents of Chinese race, 

while annual incidence is higher among males and people with longer axial length and 

deeper vitreous chamber depth. Myopia is still rapidly progressing among this cohort, 

with an annual progression rate of -0.32 D, with progression positively correlated with 

level of myopia severity in the preceding year.  

Our study shows high prevalence of myopia compared to other regions of the 

world. Prevalence is lowest in African countries where they vary between 3-20% (Maul, 

Barroso et al. 2000, Kumah, Ebri et al. 2013, Soler, Anera et al. 2015). Similar low myopia 

prevalence, below 20%, were seen in Australia, Nepal, India, while slightly higher rate of 

29.4% were found in Birmingham, UK (Ip, Huynh et al. 2008, Sapkota, Adhikari et al. 

2008, Saxena, Vashist et al. 2015). However, similar to the pattern of high myopia 

prevalence seen in adults and children in Asia, prevalence rates among adolescents are 

high in Asia; 74.3 and 80% in two different provinces in China (Chen Y Fau - Shi, Shi Y 

Fau - Yang et al. , Li, Li et al. 2014). 

There are few studies of myopia incidence among adolescents. In Anyang, China 

where annual incidence of 23% was calculated from a 2-year cumulative incidence of 

47.1% (Li, Li et al. 2014), while it was only 8.5% in a smaller school-based study in 

Sujiatun, China (Jin, Hua et al. 2015). Therefore Singapore seems to have an intermediate 
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annual myopia incidence higher than the value obtained in these two different regions 

in China.  

There is little data on myopia progression in adolescents, but in Anyang, among 

adolescents aged 10-15, there was an annual progression rate of over 0.5 D, while the 

rate varied in Taiwan from -0.48 D in an urban area compared to -0.28 D in a rural area. 

A study in Northern Ireland, among 12—13 year olds showed an overall change of -0.33 

D in 3 years. By comparison it seems like the mean annual progression of -0.33 D found 

in this adolescent cohort is most similar to progression rates found in rural communities 

in Asia, but higher than occurs in Europe. However, it is important to note that 

comparison of the results from this study with other studies is limited by various factors 

such as age of participants, method of recruitment and time of study. For example, while 

this present study utilized data obtained between 2006 and 2007, the Anyang study 

occurred in 2011, representing a 5-year difference.  

The overall change in spherical equivalent in people with a higher level of 

myopia was significantly higher than the change in people with lower levels of myopia. 

This is important to note as an equal amount of change in people with different levels of 

myopia could have different impacts, and seeing a more rapid annual myopia 

progression among people who were more myopic in 2006 raises more cause for 

concern. Although a 0.23 D change in the spherical equivalent of people with low 

myopia might not seem drastic, a one year change of 0.64 D in SE in people with myopia 

<-6.0 D is troubling due to the rapid eye changes that underlie such rapid myopia 

progression. Therefore, it is important to pay special attention to people with high 
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myopia as they may be at a high risk of eye pathologies that may lead to blindness or 

other deleterious effects from the rapid eye changes, even in a short period of time. This 

may also indicate that children with higher levels of myopia need to undergo treatment 

options faster.  

From the longitudinal examination of myopia incidence in this age group, new 

development of myopia seems to slow down in adolescence. This may be due to 

differences in eye changes that occur at different times. Childhood might represent a 

more vulnerable time in which factors that promote myopia onset may be more 

important. Also eye changes may be more common in childhood such that 

environmental factors that promote myopia development may have more of an impact 

in this age group. Furthermore, adolescence might also be protective as individuals may 

be more involved in activities such as outdoor sports, and other extracurricular 

activities. Such activities may be protective by reducing near activities and increasing 

sunlight exposure, which have been shown to be associated with reduced myopia 

incidence and progression (Wu, Tsai Cl Fau - Wu et al. 2013) (Oner, Bulut et al. 2016). 

Furthermore, myopia progression was also lower in adolescents. This slowdown in 

myopia progression in adolescence may be due to physiological thickening of specific 

components of the eyes such as the retina and the cornea, such that structural eye 

changes may not be as rapid in adolescence, as in children.  

 The rate of changes in the refractive error and axial lengths of the adolescents is 

also noteworthy. The rate of change of SER and AL were almost equivalent (with a ratio 

almost equal to 1) in non-myopes and people with moderate myopia, while this rate was 
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more variable in people with low and high myopia (ratio of 0.53 and 0.61 respectively). 

These low ratios show that the increase in axial lengths in people with low and high 

myopia was occurring at a rate faster than the change in refractive error. Thus the 

myopia progression in people with low and high myopia was more axial. In axial 

myopia, the eyes are characterized by an increase in axial length with normal refractive 

error (Czepita 2014). The reduced SER/AL ratio may represent a similar pathology in 

which the rate of change in axial length is greater than the rate of change in SER during 

the study period. Axial myopia is associated with “increased macular volume and 

thickness” (Luo, Gazzard G Fau - Fong et al. 2006), although the clinical significance of 

this relationship is not well elucidated. 

4.1 Implications for policy, practice and further research 

This study shows that myopia prevalence and incidence among Singaporean 

adolescents remain one of the highest in the world. The high myopia prevalence among 

Singaporean adults could still be due to factors such as urbanization, as found in other 

studies (Ip, Huynh et al. 2008, He, Zheng Y Fau - Xiang et al. 2009) (Ip, Rose Ka Fau - 

Morgan et al. 2008, Shih, Chiang Th Fau - Hsiao et al. 2010). This study also shows that 

myopia is still rapidly progressing among many of these adolescents. This is significant 

for public health, as we can project that myopia prevalence will be high when this 

generation become adults. This will increase the risk for myopia related eye pathologies, 

and will also cause an increase in eye-related expenditures such as corrective lenses and 

surgeries.  
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Although there was higher myopia prevalence among adolescents of Chinese 

origin, the incidence by race was similar across groups. Genetic, socioeconomic and 

environmental factors have been strongly linked increased myopia incidence and 

prevalence in the Singaporean population. Therefore, this result could mean that there is 

a convergence of these factors among Singaporean adolescents such that we will 

continue to see increased new cases of myopia development among the different groups. 

Thus, we predict that myopia prevalence will become equally high among all the 

different races in Singapore in the nearest future. This will be different from the well-

established race-disparity previously noted in myopia prevalence in Singapore, in which 

Singaporeans of Chinese ethnicity usually had higher rates of myopia prevalence. 

Therefore, it will be important for the government to focus on interventions that will 

affect all the races present in Singapore.  

 From the comparison of the incidence and progression rate of myopia in 

childhood and adolescence years, interventions will be more effective when targeted at 

children in whom myopia is more likely to develop and progress at a faster rate. 

However, adolescence still represents a viable time for intervention since there is still a 

significant amount of new myopia development and progression of existing myopia in 

adolescents.  

4.2 Study strengths and limitations 

The results from this analysis are important as it provides data on myopia 

progression among adolescents, in which there is insufficient data, compared to data 

available on children and adults. The strengths of this study include the fact that the 
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sample used was from a multi-ethnic population with high myopia prevalence, and that 

standardized measurement of refractive errors were taken i.e. use of cycloplegic 

autorefraction was employed. Furthermore, this community-based sample is more 

generalizable compared to the few clinic-based studies that have attempted to describe 

myopia progression and only few studies have been community-based and included 

adolescents. 

This study was largely limited by several factors such as the loss to follow 

between baseline and the adolescent follow-up years. By the 2007 follow up, there were 

only 50% of the participants in the baseline study. Between baseline and 2006, loss to 

follow-up was about 37% due to the follow up time of 5 years. Also, between 2006 and 

2007, there was another 17% loss to follow up. However, there were no significant 

differences among the people who dropped out of the study and those who completed 

the study. Therefore, the results of this analysis are still valid. Furthermore, to ascertain 

that our estimates are accurate, we compare the prevalence data obtained from this 

study to the data obtained from a cross-sectional study among military recruits in 

Singapore. The myopia prevalence among 15,000 military recruits aged 18-23 was 

approximately 79% (Saw, Wu Hm Fau - Seet et al. 2001). This study is the largest study 

on myopia prevalence in Singapore and is the closest to a population-based study on 

myopia in Singapore. Thus it is expected to give the most accurate values on myopia 

prevalence among young people in Singapore. The myopia prevalence from this study is 

slightly higher than that obtained from our study which could be due to the difference 

in age. This study has younger participants than the military recruit population, thus the 
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difference may reflect the increasing myopia prevalence with age. However, there is a 

small possibility that our estimate is an underestimation of myopia prevalence among 

Singaporean adolescents, as this sample is from a school-based study, thus representing 

a self-selective sample. The high rate of loss of follow-up may also have contributed to 

this problem of underestimation. 

Another weakness of this study is the number of non-myopic people used in the 

myopia incidence analysis. By 2006, there were only 299 emmetropes (i.e. people 

without myopia). Thus, it might be useful to recruit a new, larger sample in order to get 

a better representation of adolescents in Singapore and incidence rate data obtained 

from a larger sample will be more reliable than that obtained from such a small sample 

size. Also, 1 year follow up might be too small to see appreciable eye changes, and more 

follow-up in adolescent years may give more useful cumulative eye changes data. 

However, although the changes observed over this 1 year are small, they may definitely 

contribute to cumulative changes over future years.  
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5. Conclusion 

In conclusion, our study shows high myopia prevalence, and incidence among 

Singaporean adolescents, comparable to those found in other parts of South-East Asia. It 

also shows that myopic eye changes are still evident in adolescence. The next follow-up 

is due in order to see the changes in myopia incidence and progression as this cohort 

grows older. It is also important to continue to incorporate adolescents, and not just 

children, into intervention projects, such as projects to increase in outdoor exposure, and 

the use of pharmaceuticals that are designed to reduce the incidence and progression of 

myopia. 
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