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AbsTrACT
Aims To analyse the factors associated with myopia 
in school- aged children with preterm birth and with or 
without retinopathy of prematurity (ROP).
Methods Children born prematurely between January 
2010 and December 2011 were enrolled in this cross- 
sectional study when they reached school age between 
April 2017 and June 2018 in a referral centre. The main 
parameters were cycloplegic refraction, time spent 
outdoors and serum 25- hydroxyvitamin D (25(OH)D) 
concentration.
results A total of 99 eyes from 99 children with a 
mean age of 6.8 years underwent analysis. The average 
time spent outdoors was significantly higher in the 
non- myopic group (0.9 ± 0.5 hours/day) than in the 
myopic group (0.7 ± 0.3 hours/day) (p = 0.032). After 
adjustment for age, sex, number of myopic parents, 
ROP severity, near- work time and serum 25(OH)D 
concentration, more time spent outdoors was correlated 
with a lower odds of myopia (OR, 0.13 per additional 
hour per day; 95% CI, 0.02–0.98; p = 0.048). Mean 
serum 25(OH)D concentrations were similar between the 
myopic and non- myopic groups (49.7 ± 13.6 and 48.8 ± 
14.0 nmol/mL; p = 0.806) and were not correlated with 
spherical equivalence power (r = −0.09; p = 0.418). 
Vitamin D insufficiency was present in 57% of the 
participants.
Conclusions Among preterm children with or without 
ROP, more time spent outdoors was associated with 
lower odds of myopia. The serum 25(OH)D concentration 
was not associated with myopia, but a high proportion of 
the participants had insufficient levels.

InTroduCTIon
Myopia can lead to various complications and it 
is among the most common reasons for acquired 
blindness in developed East Asian countries.1 It is 
a multifactorial disease that is substantially affected 
by an individual’s social environment.2 Genetic 
factors and parental myopia status have also been 
linked to the refractive error of their children.3

In recent years, increased time spent outdoors 
has been consistently reported to have a protec-
tive effect against incident myopia.4–6 On the other 
hand, time spent performing near- work activi-
ties has also been proposed to be associated with 
myopia, as has the combination of the two, with 
near- work time neutralising the effect of time spent 
outdoors.7 8

Two major hypotheses have been proposed to 
explain the link between outdoor time and myopia. 
The first hypothesis is focused on dopamine that 
is released in the retina in response to exposure to 
bright light.9 The second one is focused on vitamin 
D that is synthesised in the skin during sun expo-
sure. As a main biomarker of vitamin D status, lower 
serum 25- hydroxyvitamin D (25(OH)D) levels are 
related to a higher prevalence of myopia.10 11

However, the above investigations in factors 
related to myopia have focused on the general 
population and not on preterm infants. Children 
with premature birth, especially those with lower 
birth weights, have a higher risk of developing 
myopia and retinopathy of prematurity (ROP).12 13 
ROP itself is an important risk factor associated 
with myopia, and increased severity of ROP is asso-
ciated with an increased incidence and degree of 
myopia.13 14 In addition, studies have demonstrated 
that infants born at a lower gestational age have a 
greater risk of vitamin D deficiency compared with 
more mature infants.15 However, whether these 
individuals will have vitamin D deficiency later in 
life and whether this condition is associated with 
myopia remain unreported.

Another difference between preterm and full- term 
eyes was demonstrated in the previous studies that 
showed that in the preterm children changes in the 
anterior segment play more role in the development 
of myopia.16 However, to more accurately evaluate 
the structural changes that occur in preterm myopic 
children, direct comparisons between preterm 
myopic and non- myopic eyes should be performed. 
The purpose of this study is to explore the factors 
associated with myopia in the preterm population 
and to analyse the structural differences between 
preterm myopic and non- myopic eyes.

MeThods
study design and participants
This prospective, cross- sectional study was 
conducted in Chang Gung Memorial Hospital, 
Linkou, Taiwan. Written informed consent was 
obtained from parents for the enrolment of their 
child in the study.

Children born prematurely between January 
2010 and December 2011 were invited to partic-
ipate in the study when they reached school age 
between April 2017 and June 2018. Prematurity 
was defined as birth at less than 37 weeks’ gestation. 
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Children who had aggressive posterior ROP, received vitrectomy 
for severe ROP, or had other non- ROP- related ocular diseases or 
conditions that precluded a thorough ocular examination were 
excluded.

Demographic features, ROP conditions and treatments 
were gathered from medical records. The indication for ROP 
treatment was type 1 ROP, as defined by the Early Treatment 
for Retinopathy of Prematurity Study.17 Treatment methods 
included primary intravitreal injection with 0.625 mg of beva-
cizumab (Avastin; Genentech, San Francisco, California) via 
the pars plicata or near- confluent 810 nm diode laser photoco-
agulation performed on the entire area of the avascular retina. 
Both methods were thoroughly explained to the parents who 
selected the method to be used. If there was a recurrence of ROP 
or a lack of treatment response following intravitreal injection 
of bevacizumab (IVB), the patient was offered additional laser 
treatment to stop the progression (and vice versa).

ocular examinations
Myopia was defined as ≤−0.5 dioptres (D) of spherical equiv-
alence (SE) on cycloplegic autorefraction. Before examination, 
1 drop of 0.5% proparacaine hydrochloride (Alcaine; Alcon, 
Puurs, Belgium) was followed by 1 drop of 1% tropicamide 
(Mydriacyl; Alcon) instilled every 10 min for three times. At 
more than 30 min after the first drop instillation, the measure-
ments were obtained.18 Uncorrected distance visual acuity 
(UCVA) and best- corrected visual acuity (BCVA) were evaluated 
with a Landolt C- chart at 6 m, and the result was converted into 
the logarithm of the minimum angle of resolution for statistical 
analysis. Amblyopia was defined as a BCVA worse than 20/25 in 
at least one eye after the exclusion of other explanations, such 
as media opacity or inattention during examination. Strabismus, 
including phorias and tropias, was evaluated in the clinic using 
the cover test. Cycloplegic autorefractions and keratometry 
were measured by an automatic kerato- refractometer (KR-8100; 
Topcon, Tokyo, Japan). Ocular biometry was measured with 
an optical coherence biometer (IOL Master; Carl Zeiss, Jena, 
Germany). For each participant, only the eye with the lower SE 
was chosen for analysis.

serum 25(oh)d concentration
Non- fasting blood samples were collected and centrifuged, and 
serum sample aliquots were stored frozen at −80°C until anal-
ysis by an automated electrochemiluminescence- based assay 
(Elecsys Vitamin D Total Assay, Roche Diagnostics, Mannheim, 
Germany) in the central laboratory of our institution. The labo-
ratory undergoes annual proficiency testing by the College of 
American Pathologists and passed the 2016–2018 tests. The 
participants were categorised as optimal (51–249 nmol/L), insuf-
ficient (30–50 nmol/L) or deficient (<30 nmol/L) according to a 
published global consensus19 and into tertiles.

Time spent outdoors, near-work time, and television time
The parents completed a questionnaire and provided informa-
tion, including parental myopia status and educational levels. 
Educational levels were converted into years of education for 
calculation. The time that the children spent outdoors was 
determined by the following question: ‘In a typical week during 
the past 6 months, what was the average amount of time your 
child spent outdoors per day? (<30 min; 0.5–1, 1–2, 2–4 or 
>4 hours)’. The above checkboxes were converted to 30 min, 
45 min, 1.5 hours, 3 hours and 4 hours, respectively, for statis-
tical analysis. The parents were also asked to estimate the average 

time per day that their child spent on near- work activities and 
watching television.

statistical analysis
Variables were compared between myopic and non- myopic chil-
dren using either a t- test for continuous variables or Fisher’s 
exact test for categorical variables. The relationships between 
continuous variables were assessed by Pearson’s correlation. 
A multivariable logistic regression model was used to assess 
the factors associated with the risk of myopia. Established risk 
factors of myopia in children3 and variables of primary interest, 
including time spent outdoors, serum 25(OH)D concentration 
and ROP severity, were introduced into the model with adjust-
ment for age and gender. Possible risk factors of myopia (gesta-
tional age, birth weight and ROP treatment) were not included in 
the primary model because these variables are highly correlated 
with ROP severity and not suitable to analyse simultaneously.20 
Thus, we constructed alternative models in which ROP severity 
was replaced by the above variables. All statistical analyses were 
performed using a commercial software (SPSS V.25; IBM). A 
two- sided p value <0.05 was considered statistically significant, 
and no adjustment for multiplicity was conducted in this study.

resulTs
One hundred and three preterm children were initially recruited 
during the study period. Four children received vitrectomy and 
were excluded, and the remaining 99 children with a mean age 
of 6.8 years were included in the final analysis. According to the 
presence of myopia, the participants were divided into a myopic 
group (n = 23) and a non- myopic group (n = 76) (table 1). Sex 
and the mean age, body mass index, number of myopic parents, 
parental years of education, gestational age and birth weight 
were not significantly different between the two groups. The 
prevalence of ROP was higher in the myopic group than in the 
non- myopic group (60.9% vs 40.8%), but this relationship was 
not significant (p = 0.055). The distribution of ROP severity 
between the two groups did not differ significantly. Among the 
participants with ROP requiring treatment, the results showed 
that 75% of myopic children were treated with laser or laser + 
IVB, whereas 65.4% of the non- myopic children were treated 
with IVB only (p = 0.035).

ocular functional and structural characteristics
Both UCVA and BCVA were significantly worse in the myopic 
group, and more children in this group had amblyopia (31.8%, 
compared with 11.9% in the non- myopic group; p = 0.047) 
(table 2). Regarding the refraction results, both the mean spher-
ical and cylindrical refractive powers were of a higher magnitude 
in the myopic group (both p <0.001). The mean keratometrical 
cylinder power was also significantly higher in the myopic group 
(p = 0.013).

Regarding other structural dimensions, the mean corneal size 
and the anterior chamber depth (ACD) were similar between the 
two groups. However, when comparing the myopic and non- 
myopic groups, the mean axial length (AL) was longer in the 
former (23.0 ± 1.0 mm vs 22.2 ± 0.9 mm; p <0.001), indicating 
that the elongation of the globe played a role in the development 
of myopia in preterm children (online supplementary figure 1).

Correlation of myopia and serum 25(oh)d concentrations
We analysed the correlations between serum 25(OH)D concen-
trations, myopia severity and risk and the average time spent 
outdoors. Univariate analysis showed that serum 25(OH)
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Table 1 Clinical features of preterm children according to the 
presence of myopia

Variables
Myopic group 
(n=23)

non- myopic 
group (n=76)

P 
value*

Age, mean (SD), year 6.9 (0.6) 6.8 (0.7) 0.284

Male, No. (%) 12 (52) 41 (53) 1.000

Body mass index† (n=91), mean (SD) 14.9 (1.1) 15.3 (2.1) 0.421

Gestational age, mean (SD), week 29.1 (4.3) 30.9 (4.4) 0.104

Birth weight, mean (SD), g 1270 (647) 1545 (759) 0.118

ROP severity, No. (%)

  Preterm without ROP 9 (39) 45 (59) 0.196

  Mild/type 2 ROP 2 (9) 5 (7)

  Type 1 ROP 12 (52) 26 (34)

ROP with treatment, No./total (%) 12/23 (52) 26/76 (34) 1.000

ROP treatment method, No. (%)

  IVB only 3 (25) 17 (65) 0.035

  Laser only/laser + IVB 9 (75) 9 (35)

No. of myopic parents (n=94), No./
total (%)

  0 2/21 (10) 9/73 (12) 0.935

  1 5/21 (24) 20/73 (27)

  2 14/21 (67) 44/73 (60)

Parental years of education (n=94), 
mean (SD)

16.0 (1.9) 15.8 (2.1) 0.647

Time spent outdoors (n=92), mean 
(SD), hour/day

0.7 (0.3) 0.9 (0.5) 0.032

Time spent on near- work activities 
(n=93), mean (SD), hour/day

2.7 (2.3) 2.5 (1.8) 0.708

Television time (n=76), mean (SD), 
hour/day

0.4 (0.4) 0.5 (0.5) 0.468

*Compared by t- test or Fisher’s exact test.
†Calculated as weight in kilograms divided by height in metres squared.
IVB, intravitreal injection; ROP, retinopathy of prematurity.

Table 2 Functional and structural characteristics of the eyes of the 
myopic and non- myopic preterm children

Variables

Myopic 
group 
(n=23)

non- myopic 
group (n=76) P value*

UDVA (n=92), mean (SD), logMAR 0.6 (0.5) 0.1 (0.2) <0.001

BCVA (n=87), mean (SD), logMAR 0.06 (0.11) 0.01 (0.05) 0.013

Strabismus, No. (%) 4 (17) 4 (5) 0.082

Amblyopia, No. (%) 7 (31.8) 8 (11.9) 0.047

SE, mean (SD), D –3.2 (3.5) 0.8 (0.8) <0.001

Spherical power (n=95), mean (SD), D –2.2 (3.5) 1.3 (1.0) <0.001

Cylindrical power (n=95), mean (SD), D –1.9 (1.2) –0.9 (0.8) <0.001

Keratometry (n=94), mean (SD), D

  K1 horizontal 43.7 (2.1) 43.5 (1.7) 0.702

  K2 vertical 45.6 (1.7) 44.7 (2.2) 0.095

  K1–K2 average –1.9 (1.3) –1.4 (0.7) 0.013

Corneal size† (n=26), mean (SD), mm 11.8 (0.4) 11.9 (0.4) 0.535

Axial length (n=92), mean (SD), mm 23.0 (1.0) 22.2 (0.9) <0.001

ACD (n=85), mean (SD), mm 3.2 (0.3) 3.1 (0.3) 0.052

*Compared by t- test or Fisher’s exact test.
†Measured by corneal white- to- white distance.
ACD, anterior chamber depth; BCVA, best- corrected visual acuity; D, diopters; 
logMAR, logarithm of the minimum angle of resolution; SE, spherical equivalence; 
UDVA, uncorrected distant visual acuity.

D concentrations were similar between the myopic (49.7 ± 
13.6 nmol/L) and non- myopic (48.8 ± 14 nmol/L) groups (p = 
0.806) (table 3) and were not correlated with SE in the whole 
group (r = −0.09; p = 0.418) or in the myopic subgroup (r = 
−0.19; p = 0.435), or with the average time spent outdoors in 
the whole group (p trend = 0.473) or in the myopic subgroup 
(p trend = 0.836) (online supplementary figure 2). A multivari-
able linear regression model also showed that none of the above 
factors were associated with the serum 25(OH)D concentration 
(online supplementary table 1). An interesting finding was that 
the prevalence of vitamin D insufficiency was as high as 56.8% 
in these premature children, with an insufficient mean concen-
tration at 48.8 ± 13.8 nmol/L.

Correlation of myopia with time spent outdoors and on near-
work activities
The average time the children spent outdoors was significantly 
higher in the non- myopic group (0.9 ± 0.5 hours/day) than in the 
myopic group (0.7 ± 0.3 hours/day) (p = 0.032) (table 1). After 
adjustment, the multivariable logistic regression analysis revealed 
that more time spent outdoors was associated with lower odds 
of myopia (OR, 0.13; 95% CI, 0.02–0.98; p = 0.048) (table 4). 
The effect of time spent outdoors was still observed in the alter-
native models (online supplementary table 2).

The average time spent on near- work activities was not 
different between the myopic and non- myopic groups (table 1). 
The time spent watching television, which was categorised as a 

mid- distance viewing activity, was also similar between the two 
groups.

Correlation between myopia and roP
Although there were no differences in the distributions of ROP 
severity and other ROP features, including stage, zone and plus 
disease, between the myopic and non- myopic groups in the 
univariate analysis, type 1 ROP was associated with increased 
odds of myopia (OR, 3.82; 95% CI, 1.14–12.81; p = 0.03) 
(table 4).

dIsCussIon
In this study, we focused on school- aged preterm children and 
found that spending more time outdoors was associated with a 
lower prevalence of myopia in both univariate and multivariate 
analyses. Conversely, type 1 ROP was related to a higher risk of 
myopia. The myopic preterm children had significantly longer 
ALs than those found in the non- myopic preterm children. The 
serum 25(OH)D level, which is a biomarker of vitamin D status, 
was not related to myopia but was insufficient in over half of the 
study population.

The onset and progression of myopia occurs primarily during 
the preschool or school years. After reaching emmetropia, 
if the AL continues to increase without coordinated changes 
in the other ocular components, the eye will shift away from 
emmetropia and towards myopia.3 The regulation of axial 
elongation is thus the main focus of controlling and preventing 
myopia.3

Compared with full- term children, preterm children have 
been reported to show different growth mechanisms. In a study 
by Yang et al21 and our prior study,16 the authors explored refrac-
tive and structural outcomes in treated ROP children evaluated 
at a mean age of 9–10 years. These eyes with ROP were noted 
to have shallower ACDs, thicker lenses and steeper corneas. 
Interestingly, their ALs were similar to those of full- term chil-
dren. These results led to the conclusion that the development 
of myopia in preterm infants is related to the changes that occur 
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Table 3 Serum 25(OH)D concentration in all participants, myopic and non- myopic groups*

Variables All participants Myopic group non- myopic group P value†

Serum 25(OH)D concentration (nmol/L), mean (SD) 49.0 (13.8) 49.7 (13.6) 48.8 (14.0) 0.806

Serum 25(OH)D status, No. (%)

  Deficient (<30 nmol/L) 5 (6) 2 (10) 3 (4) 0.182

  Insufficient (30–50 nmol/L) 45 (51) 7 (35) 38 (56)

  Optimal (51–249 nmol/L) 38 (43) 11 (55) 27 (40)

Serum 25(OH)D, tertile, No. (%)

  First tertile 36 (41) 7 (35) 29 (43) 0.767

  Second tertile 29 (33) 8 (40) 21 (31)

  Third tertile 23 (26) 5 (25) 18 (27)

*The valid sample size was 88 (20 in the myopic group and 68 in the non- myopic group).
†Compared by t- test or Fisher’s exact test.
25(OH)D, 25- hydroxyvitamin D.

Table 4 Multivariable- adjusted logistic regression analysis for 
factors associated with myopia in preterm children*

Predictor or (95% CI)
P 
value

Age (years) 2.35 (0.84–6.60) 0.104

Boy 0.78 (0.22–2.73) 0.697

ROP severity   

  No ROP/mild or type 2 ROP Reference

  Type 1 ROP 3.82 (1.14–12.81) 0.030†

No. of myopic parents   

  0–1 Reference

  2 1.44 (0.39–5.31) 0.584

Time spent outdoors (hours/day) 0.13 (0.02–0.98) 0.048†

Near- work time (hours/day) 0.73 (0.48–1.10) 0.131

Serum 25(OH)D concentration (nmol/mL) 0.99 (0.95–1.04) 0.765

*The valid sample size was 81.
†P<0.05.
25(OH)D, 25- hydroxyvitamin D; ROP, retinopathy of prematurity.

in the anterior segment and not to the elongation of the AL, 
indicating a different mechanism than that observed in full- term 
infants.

However, the baseline dimensions of preterm and full- term 
infants are different. Cook et al22 reported that at 52 weeks’ 
postmenstrual age, compared with full- term infants, preterm 
infants without ROP had shorter ALs, shallower ACDs and 
steeper corneas. In this study, we directly compared the optical 
components between preterm myopic and non- myopic eyes and 
found that myopic preterm children had significantly longer 
ALs than non- myopic preterm children. This observation is in 
accordance with the findings of other investigators23 and implies 
that in preterm eyes, elongation of the AL is still an important 
factor in the development of myopia. Thus, when attempting to 
control myopia, similar measures might be beneficial for both 
preterm and full- term eyes. The reason that prior investigations 
found that AL was similar between preterm and full- term eyes 
was likely the high prevalence of myopia in preterm subjects, 
which caused the AL to be longer in preterm subjects than in 
their non- myopic preterm peers and thus was similar to that of 
emmetropic full- term children.

Apart from increasing outdoor activities, atropine drops have 
also been demonstrated to be useful in slowing the progression 
of myopia.24 However, adverse effects are not uncommon and 
might cause complications in susceptible eyes. For example, 
acute- angle closure glaucoma attacks were reported in infants 

with ROP.25 These attacks were also reported in ROP patients 
later in life, with one attack directly following pupillary dilata-
tion during a routine clinical examination.26 Our recent report27 
demonstrated that ROP eyes have a crowded anterior chamber 
angle, which might predispose these eyes to angle- closure glau-
coma. Due to these potential side effects of atropine therapy, 
increasing outdoor time with a moderate light intensity28 should 
be considered as a safe and non- invasive method for myopia 
treatment in preterm children.

In our study, serum 25(OH)D concentrations were similar 
between the myopic and non- myopic groups and were not 
correlated with the SE. Several studies have also failed to asso-
ciate myopia with serum 25(OH)D levels or genes related to 
vitamin D metabolism.29–31 These data suggest that vitamin D 
might not be directly involved in the regulation of myopia in 
either full- term or preterm children.

Infants born at lower gestational ages have been reported to 
have a greater risk of vitamin D deficiency in infancy.15 32 In 
accordance with our study, a previous study also showed that in 
Taiwanese children, the prevalence of vitamin D deficiency was 
51.0%,33 and the worldwide vitamin D deficiency prevalence is 
also estimated to be as high as 30%–60%.34 A vitamin D- de-
ficient state influences not only bone growth but also several 
extraskeletal functions. There is global awareness and effort to 
manage the high prevalence of vitamin D deficiency; however, 
the true implications of the high prevalence of vitamin D defi-
ciency in our study group and its relationship with ocular health 
and development remain to be determined.

There are several limitations to our study. The first limitation 
is that the measurements of time spent outdoors/on near- work 
were indirect and semiquantitative. Nevertheless, the average 
outdoor time was 5–6 hours/week in our study, which is in 
accordance with a previous study in Chinese children.3 In future 
studies, the use of quantitative tools such as a light metre could 
provide a more precise study approach.

The second limitation is the lack of a detailed evaluation of 
dietary vitamin D intake and sun- protective measurements. 
In response to the questionnaire, 19% of the parents stated 
that they let their child use sunglasses. These parents might 
be more cautious about sunlight exposure and might there-
fore adopt other sun protection measures for their child, thus 
affecting vitamin D levels. We speculated that these limitations 
also contributed to the fact that we failed to observe a posi-
tive correlation between serum 25(OH)D concentrations and 
outdoor time. To overcome this problem, a more detailed survey 
of daily diet and supplements should be implemented, or a larger 
study population should be used to reduce this bias. However, 
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the latter is more difficult, especially given the relatively small 
population with ROP.

The third limitation is the method used to treat ROP. Fifty- 
three per cent of the children were treated with IVB alone, and 
47% were treated by IVB + laser. Researchers have noted that 
the structural dimensions of the anterior segment are different 
between laser- treated and IVB- treated eyes, and we also found 
similar results (online supplementary table 3).35 It has been spec-
ulated that the laser limits the growth of vessels towards the 
periphery, resulting in more immature anterior structural dimen-
sions. In comparison, IVB- treated eyes have less damage and 
might attain relatively normal development. These differences 
in the structures that affect refraction status imply that poten-
tially different underlying mechanisms are involved. Groups 
consisting of subjects with laser or IVB monotherapy could offer 
more precise information.

In conclusion, this study demonstrates an association between 
increased time spent outdoors and a lower prevalence of myopia 
in school- aged children with preterm birth with or without 
a history of ROP. Serum 25(OH)D levels seemed not to be 
correlated with myopia in this population, although a high 
proportion of these preterm children had vitamin D insufficiency.
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