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INTRODUCTION
The aetiology of myopia is complex and multifactorial; each 
individual’s risk is determined by a complex interaction of 
genetic and environmental factors.(1) In several studies, myopia 
has been shown to be associated with higher socioeconomic 
status,(2) better educational levels,(3) several visually demanding 
occupations,(4,5) excessive near-work activity(6-9) and a lack of 
outdoor activity.(10-12) It is extremely common in Singapore, with 
recent population-based and cohort studies indicating that myopia 
(i.e. a spherical equivalent [SE] of –0.50 D or worse) is present 
in the following proportions in children and adolescents: 10.9%, 
34.2%, 59.2% and 78.5% of those aged < 7.0, 7.0–9.9, 10.0–11.9 
and ≥ 12.0 years, respectively.(11,13-22)

Over the last decade, it has been suggested that a 
carbohydrate-rich Western diet with a high glycaemic load 
may predispose one to juvenile-onset myopia.(23) It has 
also been hypothesised that chronic hyperglycaemia and 
hyperinsulinaemia may result in higher levels of free insulin-like 
growth factor (IGF)-1 and lower levels of IGF-binding protein 3, 
which in turn may result in unregulated scleral growth and 
myopia.(23) Thus, the question arises of whether young patients 
with poorly controlled diabetes mellitus (DM), which can result 
in hyperglycaemia, are more likely to have myopia. While there 
is some evidence that poor glycaemic control in young patients 
with DM is associated with myopia,(24) other studies suggest that 
there may be little or no association.(25,26) Therefore, the present 
study aimed to evaluate the proportion of young patients with 
type 1 DM (T1DM) who have myopia, as well as the risk factors 
associated with myopia in this group of young patients.

METHODS
This hospital-based, cross-sectional study was conducted in KK 
Women’s and Children’s Hospital (KKH), Singapore. All young 
patients with T1DM who were referred to the ophthalmology 
service in KKH for diabetic eye screening between June 2006 
and January 2010 were included in this study. Patients who had 
T1DM for < 1 year or had any other ocular pathology (e.g. cataract 
or glaucoma) were excluded. The study was conducted in 
accordance with the tenets of The Declaration of Helsinki. The 
nature of the study was explained to the parents or guardians 
of the patients prior to the eye screening and informed written 
consent was obtained. The study was approved by the local ethics 
committee and funded by a KKH research fund (RAU/2006/107).

Information regarding the patients’ history of T1DM (i.e. age at 
diagnosis, duration of T1DM and level of annualised glycosylated 
haemoglobin [HbA1c] over the last one year) was obtained from 
the collaborating endocrinologists. Cycloplegic refraction was 
performed by trained optometrists 30 minutes after the instillation 
of three rounds of eye drops, at five-minute intervals. In the first 
round, one drop each of proparacaine 0.5%, tropicamide 0.5% 
and cyclopentolate 1% were instilled. In the second round, one 
drop each of phenylephrine 2.5% and cyclopentolate 1% were 
instilled; in the third round, one drop of cyclopentolate 1% was 
instilled. SE (sphere plus half cylinder) refraction was calculated. 
A slit-lamp examination was done to exclude the presence of 
cataracts and a fundus examination was performed to screen for 
diabetic retinopathy. The patients and their parents or guardians 
were also asked to complete a self-administered questionnaire 
detailing the presence of parental myopia and the amount of 
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time the patient spent on near-work (i.e. reading, writing, using 
messaging on the phone or/and computer, playing mobile phone 
or handheld games, and watching television) and outdoor activity 
(i.e. outdoor physical education sessions in schools, sports and 
recreation activities). The amounts of time the patient spent 
in near-work and outdoor activities were estimated using this 
information.

Myopia was defined as an SE of –0.50 D or worse. Annualised 
HbA1c, defined as the mean of the last three HbA1c readings 
(which were spaced approximately four months apart), was 
calculated to assess the patients’ chronic glycaemic control over 
the last one year. Glycaemic control was categorised as (a) ideal, 
if HbA1c was < 6.0%; (b) optimal, if HbA1c was 6.0%–7.5%; 
(c) suboptimal, if HbA1c was 7.6%–9.0%; and (d) high-risk, if 
HbA1c was > 9.0%. The proportion of young patients with myopia 
among the T1DM patients was compared with the prevalence 
of myopia in the background Singapore population consisting of 
individuals from similar age groups. The prevalence rates were 
taken directly from cohort-, army- and population-based studies 
in Singapore published from 2001 onwards.(11,13-22) To calculate 
the average rate of prevalence, results were weighted according 
to the number of subjects participating in the study. The weighted 
average (x̄) was calculated using the following formula:
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where x is the percentage of myopic subjects in the study cohort 
of a particular study and w is the total number of subjects recruited 
in that study.(11,13-22) No attempt was made to adjust the results for 

important variables, such as gender or ethnicity, or to weigh the 
results according to differences in methods.

Statistical analysis was performed using the IBM SPSS Statistics 
version 19.0 (IBM Corp, Armonk, NY, USA). Demographic 
characteristics were presented as means and standard deviations 
for continuous variables, and percentages for categorical 
variables. As there was no difference in the mean SEs of the right 
and left eye (p = 0.923), only right-eye data was utilised for the 
univariate analysis. Categorical variables were analysed using the 
chi-square test and continuous variables were analysed using the 
independent sample t-test. A p-value < 0.05 indicated statistical 
significance. Multivariate analysis was performed using SE as a 
dependent variable and the following as independent variables: 
age, gender, ethnicity, age at diagnosis of T1DM, duration of 
T1DM, time spent on near-work and outdoor activities, history of 
parental myopia and annualised HbA1c. To enable data from both 
eyes to be used, the generalised estimating equation (GEE) method 
was used to account for correlation between both eyes. The model 
with the lowest quasi-likelihood under the independence model 
criterion is presented in the results.

RESULTS
A total of 146 patients with T1DM (age range 4.3–20.7 years) 
were included in the present study. Of these patients, 97 (66.4%) 
were Chinese, 22 (15.1%) were Malay, 18 (12.3%) were Indian 
and 9 (6.2%) were of other ethnicities; 84 (57.5%) were female 
(Table I). Diabetic retinopathy was not seen in any of the patients. 
Myopia was present in 96 (65.8%) of the patients. The proportion 
of myopia was higher in the patients who were aged ≥ 12 years 
(78.4%) than in those aged < 7 years (25.0%) (Fig. 1).

Table I. Demographics of the young patients enrolled in the study (n = 146).

Variable No. (%)

Total (n = 146) Myopia* (n = 96) No myopia* (n = 50) p‑value

Gender 0.184

Male 62 (42.5) 37 (59.7) 25 (40.3)

Female 84 (57.5) 59 (70.2) 25 (29.8)

Ethnicity 0.234

Chinese 97 (66.4) 67 (69.1) 30 (30.9)

Non-Chinese 49 (33.6) 29 (59.2) 20 (40.8)

History of parental myopia 0.722

None 65 (44.5) 44 (67.7) 21 (32.3)

One parent 52 (35.6) 32 (61.5) 20 (38.5)

Both parents 29 (19.9) 20 (69.0) 9 (31.0)

Outdoor activity (hr) 0.641

None 39 (26.7) 28 (71.8) 11 (28.2)

< 2 62 (42.5) 39 (62.9) 23 (37.1)

≥ 2 45 (30.8) 29 (64.4) 16 (35.6)

Duration of near‑work activity† (hr) 7.2 ± 3.3 7.1 ± 3.0 7.4 ± 3.9 0.528

Age† (yr) 12.5 ± 3.6 13.3 ± 3.4 11.0 ± 3.6 < 0.001

Age at diagnosis of T1DM† (yr) 8.0 ± 3.7 8.5 ± 3.7 7.1 ± 3.6 0.034

Duration of T1DM† (yr) 4.4 ± 3.1 4.8 ± 3.0 3.9 ± 3.2 0.096

Annualised HbA1c† 8.6 ± 1.8 8.7 ± 2.0 8.5 ± 1.4 0.533

*Percentages calculated as number/total number in the category. †Data presented as mean ± standard deviation. HbA1c: glycosylated haemoglobin; T1DM: type 1 
diabetes mellitus.
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The results of the univariate analysis suggest that patients with 
myopia are more likely to be older (13.3 years vs. 11.0 years, 
p < 0.001) and diagnosed with T1DM later (8.5 years vs. 7.1 years, 
p = 0.034). The duration of T1DM tended to be longer in myopic 
patients (4.8 years vs. 3.9 years, p = 0.096), but the association 
was not statistically significant (Table I). Detailed analysis of the 
annualised HbA1c values showed that there were differences 
related to the duration of T1DM and the age of the patients. 
Glycaemic control was better in patients with a shorter duration 
of T1DM (≤ 5 years; 8.4% ± 2.0%, vs. > 5 years; 9.0% ± 1.6%) 
(p = 0.051). The annualised HbA1c of the younger patients 
(< 10 years; 8.2% ± 1.3%) tended to be lower than that of the 
older patients (≥ 10 years; 8.8% ± 2.0%) (p = 0.115). Among the 
older patients (≥ 10 years) who had a longer duration of T1DM 
(> 5 years), annualised HbA1c was significantly higher than that of 
the rest of the patients (9.2% ± 1.7% vs. 8.4% ± 1.9%, p = 0.010).

The results of the multivariable GEE analysis, which included 
the known risk factors of myopia (i.e. age, history of parental 
myopia, and number of hours spent on near-work and outdoor 
activities) and factors associated with T1DM (i.e. age at diagnosis 
of T1DM, duration of T1DM and annualised HbA1c), are 
shown in Table II. The results suggest that a more negative SE 
(i.e. myopia) was associated with a history of parental myopia 
(p = 0.024) and lower levels of annualised HbA1c (p = 0.011).

However, when the patients were categorised into the 
following groups: (a) no myopia (SE better than –0.50 D); (b) low 
myopia (–0.50 D to –2.50 D); and (c) high myopia (worse than 
–2.50 D), multiple logistic regression did not reveal a significant 
association between myopia and the level of annualised HbA1c 
(p = 0.136) after adjusting for age, history of parental myopia, 
duration of T1DM and environmental factors (e.g. hours spent 
in near-work and outdoor activities).

DISCUSSION
In the present study, the proportion of young patients with 
T1DM who had myopia was higher than the proportion in the 
background Singapore population of younger children (aged 
< 10 years). However, the proportion of patients with T1DM 
who had myopia in the older age group was similar to that in the 

Fig. 1 Graph shows the age-specific proportions of myopia in patients with type 1 diabetes mellitus (T1DM) 
compared with the weighted average of myopia rates in the Singapore population. The numbers in parentheses 
show the number of patients with myopia in a specific age group within the study population.

Table II. Multivariate analysis of factors associated with spherical 
equivalent, using the generalised estimating equation model in 
patients with type 1 diabetes mellitus (T1DM) (n = 292).

Covariables B parameter 
estimate

95% CI p‑value

Gender

Male 1

Female –0.412 –1.19 to 0.37 0.299

Ethnicity

Chinese 1

Non-Chinese 0.224 –0.59 to 1.03 0.589

Age 0.218 –0.03 to 0.46 0.080

Age at diagnosis 
of T1DM

–0.270 –0.77 to 0.23 0.293

Duration of T1DM –0.604 –1.25 to 0.04 0.067

Annualised HbA1c 0.220 0.05 to 0.39 0.011

Duration of near‑work –0.021 –0.15 to 0.11 0.758

Outdoor activity (hr)

None – – –

< 2 0.897 0.00 to 1.78 0.050

≥ 2 0.834 –0.24 to 1.91 0.128

History of parental 
myopia

No – – –

Yes –0.888 –1.66 to –0.12 0.024

CI: confidence interval; HbA1c: glycosylated haemoglobin
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background Singapore population of older children (≥ 10 years) 
(Fig. 1). Myopia was found to be strongly associated with a 
history of parental myopia, with environmental factors being 
less relevant. Contrary to expectation, higher annualised HbA1c 
(i.e. poor glycaemic control) was not found to be associated 
with myopia.

Several studies have explored the relationship between 
refractive error and DM, with variable results. Mäntyjärvi et al, in 
a study involving children aged 9–16 years, found no difference 
in the prevalence of myopia among diabetic and non-diabetic 
individuals (36.1% vs. 29.3%, p > 0.30).(27) Johansen et al 
studied the relationship between SE and HbA1c at the time of 
examination, in young diabetic Dutch patients aged 7–15 years, 
and reported no association.(26) However, in a study conducted 
by Jacobsen et al, which involved older diabetic patients (aged 
16–26 years), the authors found that there was a higher level of 
myopia in their study cohort as compared to that of the normal 
population (53.3% vs. 12.8%).(24) They also noted that poor 
glycaemic control for 2–3 months (HbA1c reading at baseline) 
was a potential risk factor for myopic shift; the relative risk of a 
myopic shift was 1.6 (95% confidence interval: 1.19–2.14) in 
those who had HbA1c levels above 8.8%.(24) In the present study, 
we noted an apparently conflicting finding: the proportion of 
myopia appeared to be higher in younger patients as compared 
to the background Singapore population, yet higher annualised 
HbA1c (i.e. long-term hyperglycaemia) was associated with a 
more positive SE rather than worsening myopia.

It has long been recognised that changes in the blood glucose 
level of patients with DM can produce changes in vision via 
altered refraction in the patients’ eyes. Both myopic(25,28-30) and 
hyperopic changes(31-34) have been observed in adolescents 
and adults with acute and chronic DM. Some of these changes 
may result from metabolic and structural changes within the 
lens.(30) However, Weimer et al suggested that an increase in 
lens thickness may also be offset by a concurrent decrease in 
equivalent refractive index and an increase in anterior lens 
curvature, resulting in little or no change in ocular refraction.(35) 
This could explain why no association was noted between SE 
and HbA1c in some of the studies.(26) However, the findings of 
the present study are supported by studies conducted on animal 
models, which showed that induction of DM and chronic 
hyperglycaemia in rabbits was associated with reduced axial 
growth and hyperopia.(36,37)

The underlying pathophysiology associated with T1DM is 
complex. In T1DM, hyperglycaemia is due to a lack of insulin 
production and is treated with subcutaneous insulin injections. 
HbA1c levels, which reflect the extent of glycaemic control, are 
higher in patients with poorer metabolic control. In children 
and adolescents with T1DM, HbA1c levels have been found 
to be inversely correlated to serum IGF-1 levels (r = –0.22, 
p < 0.005).(38,39) Poor metabolic control and a decrease in IGF-1 
levels were also associated with a reduction in their growth and 
height.(40,41) This led us to speculate that poor glycaemic control 
may result in the retardation of the growth of the eyeball and 
more positive refraction due to lower IGF-1 levels.

The strengths of the present study include the use of 
cycloplegic refraction and annualised HbA1c values (rather 
than single HbA1c values). All patients aged < 21 years with 
T1DM who presented to the eye clinic between 2006 and 2010 
were included in the present study. The study was not without 
limitations – it was cross-sectional in nature, the patients recruited 
were from a wide range of age groups and there were relatively 
fewer patients from the younger age groups. The age of onset 
and duration of T1DM among those recruited were also highly 
variable. Furthermore, the use of annualised HbA1c over the last 
one year may not fully reflect the patient’s variations in glycaemic 
control over time. Collection of biometric data (e.g. axial length, 
anterior chamber depth and lens thickness) and serum IGF-1 
levels may have helped to provide insight into the mechanisms 
involved.

In summary, there may be an initial transient increase in the 
proportion of myopia among T1DM patients aged < 10 years. 
This may be due to the patients’ improved glycaemic control as 
endocrinologists attempt to manage the condition. No difference in 
refraction was noted in the older patients with T1DM, as compared 
to historical population norms, suggesting that T1DM may have 
minimal effect on refraction in the long term. We did not find any 
evidence to support the hypothesis that poor glycaemic control 
(i.e. hyperglycaemia) is associated with worsening myopia.

REFERENCES
1. Wojciechowski R. Nature and nurture: the complex genetics of myopia 

and refractive error. Clin Genet 2011; 79:301-20.
2. Wong TY, Foster PJ, Johnson GJ, Seah SK. Education, socioeconomic status, 

and ocular dimensions in Chinese adults: the Tanjong Pagar Survey. Br J 
Ophthalmol 2002; 86:963-8.

3. Au Eong KG, Tay TH, Lim MK. Education and myopia in 110,236 young 
Singaporean males. Singapore Med J 1993; 34:489-92.

4. Simensen B, Thorud LO. Adult-onset myopia and occupation. Acta 
Ophthalmol (Copenh) 1994; 72:469-71.

5. Tokoro T. Effect of visual display terminal (VDT) work on myopia 
progression. Acta Ophthalmol Suppl 1988; 185:172-4.

6. Mutti DO, Mitchell GL, Moeschberger ML, Jones LA, Zadnik K. Parental 
myopia, near work, school achievement, and children’s refractive error. 
Invest Ophthalmol Vis Sci 2002; 43:3633-40.

7. Saw SM, Zhang MZ, Hong RZ, et al. Near-work activity, night-lights, and 
myopia in the Singapore-China study. Arch Ophthalmol 2002; 120:620-7.

8. Saw SM, Hong RZ, Zhang MZ, et al. Near-work activity and myopia in 
rural and urban schoolchildren in China. J Pediatr Ophthalmol Strabismus 
2001; 38:149-55.

9. Tan GJ, Ng YP, Lim YC, et al. Cross-sectional study of near-work and 
myopia in kindergarten children in Singapore. Ann Acad Med Singapore 
2000; 29:740-4.

10. Jones LA, Sinnott LT, Mutti DO, et al. Parental history of myopia, sports 
and outdoor activities, and future myopia. Invest Ophthalmol Vis Sci 2007; 
48:3524-32.

11. Dirani M, Tong L, Gazzard G, et al. Outdoor activity and myopia in 
Singapore teenage children. Br J Ophthalmol 2009; 93:997-1000.

12. Rose KA, Morgan IG, Ip J, et al. Outdoor activity reduces the prevalence 
of myopia in children. Ophthalmology 2008; 115:1279-85.

13. Saw SM, Chan B, Seenyen L, et al. Myopia in Singapore kindergarten 
children. Optometry 2001; 72:286-91.

14. Iyer JV, Low WC, Dirani M, Saw SM. Parental smoking and childhood 
refractive error: the STARS study. Eye (Lond) 2012; 26:1324-8.

15. Saw SM, Wu HM, Hong CY, et al. Myopia and night lighting in children 
in Singapore. Br J Ophthalmol 2001; 85:527-8.

16. Saw SM, Carkeet A, Chia KS, Stone RA, Tan DT. Component dependent 
risk factors for ocular parameters in Singapore Chinese children. 
Ophthalmology 2002; 109:2065-71.

17. Saw SM, Chua WH, Hong CY, et al. Nearwork in early-onset myopia. 



Original  Art ic le

454

Invest Ophthalmol Vis Sci 2002; 43:332-9.
18. Saw SM, Tan SB, Fung D, et al. IQ and the association with myopia in children. 

Invest Ophthalmol Vis Sci 2004; 45:2943-8.
19. Saw SM, Cheng A, Fong A, et al. School grades and myopia. Ophthalmic 

Physiol Opt 2007; 27:126-9.
20. Quek TP, Chua CG, Chong CS, et al. Prevalence of refractive errors in 

teenage high school students in Singapore. Ophthalmic Physiol Opt 2004; 
24:47-55.

21. Saw SM, Wu HM, Seet B, et al. Academic achievement, close up work 
parameters, and myopia in Singapore military conscripts. Br J Ophthalmol 
2001; 85:855-60.

22. Wu HM, Seet B, Yap EP, et al. Does education explain ethnic differences 
in myopia prevalence? A population-based study of young adult males in 
Singapore. Optom Vis Sci 2001; 78:234-9.

23. Cordain L, Eaton SB, Brand Miller J, Lindeberg S, Jensen C. An evolutionary 
analysis of the aetiology and pathogenesis of juvenile-onset myopia. Acta 
Ophthalmol Scand 2002; 80:125-35.

24. Jacobsen N, Jensen H, Lund-Andersen H, Goldschmidt E. Is poor glycaemic 
control in diabetic patients a risk factor of myopia? Acta Ophthalmol 2008; 
86:510-4.

25. Sjølie AK, Mortensen KK, Hecht PS, Eshøj O. Visual acuity and refraction in 
type I diabetic patients aged 25-34 years. Acta Ophthalmol (Copenh) 1991; 
69:552-4.

26. Johansen J, Sjølie AK, Eshøj O. Refraction and retinopathy in diabetic children 
below 16 years of age. Acta Ophthalmol 1994; 72:674-7.

27. Mäntyjärvi M, Nousiainen I. Refraction and accommodation in diabetic school 
children. Acta Ophthalmol (Copenh) 1988; 66:267-71.

28. Fledelius HC. Is myopia getting more frequent? A cross-sectional study of 
1416 Danes aged 16 years+. Acta Ophthalmol (Copenh) 1983; 61:545-59.

29. Fledelius HC. Myopia and diabetes mellitus with special reference to adult-
onset myopia. Acta Ophthalmol (Copenh) 1986; 64:33-8.

30. Mäntyjärvi M. Myopia and diabetes. A review. Acta Ophthalmol Suppl 1988; 
185:82-5.

31. Eva PR, Pascoe PT, Vaughan DG. Refractive change in hyperglycaemia: 
hyperopia, not myopia. Br J Ophthalmol 1982; 66:500-5.

32. Giusti C. Transient hyperopic refractive changes in newly diagnosed juvenile 
diabetes. Swiss Med Wkly 2003; 133:200-5.

33. Imai T, Matsuda M. Refractory changes of the eyes in NIDDM during 
treatment. Quantitative analysis. Diabetes Care 1992; 15:938-9.

34. Fledelius HC. Refractive change in diabetes mellitus around onset or when 
poorly controlled. A clinical study. Acta Ophthalmol (Copenh) 1987; 
65:53-7.

35. Wiemer NG, Dubbelman M, Kostense PJ, Ringens PJ, Polak BC. The 
influence of diabetes mellitus type 1 and 2 on the thickness, shape, and 
equivalent refractive index of the human crystalline lens. Ophthalmology 
2008; 115:1679-86.

36. Herse P. Effects of hyperglycaemia on ocular development in rabbit: refraction 
and biometric changes. Ophthalmic Physiol Opt 2005; 25:97-104.

37. Varma SD, El-Aguizy HK, Richards RD. Refractive changes in alloxan diabetic 
rabbits. Control by flavinoids I. Acta Ophthalmol (Copenh) 1980; 58:748-59.

38. Muñoz MT, Barrios V, Pozo J, Argente J. Insulin-like growth factor I, 
its binding proteins 1 and 3, and growth hormone-binding protein in 
children and adolescents with insulin-dependent diabetes mellitus: clinical 
implications. Pediatr Res 1996; 39:992-8.

39. Rogers DG, Sherman LD, Gabbay KH. Effect of puberty on insulinlike growth 
factor I and HbA1 in type I diabetes. Diabetes Care 1991; 14:1031-5.

40. Elamin A, Hussein O, Tuvemo T. Growth, puberty, and final height in children 
with Type 1 diabetes. J Diabetes Complications 2006; 20:252-6.

41. Strasser-Vogel B, Blum WF, Past R, et al. Insulin-like growth factor (IGF)-I 
and -II and IGF-binding proteins-1, -2, and -3 in children and adolescents with 
diabetes mellitus: correlation with metabolic control and height attainment. 
J Clin Endocrinol Metab 1995; 80:1207-13.


