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ABSTRACT
Objectives Children with retinopathy of prematurity
(ROP) often have myopia. Even without ROP, birth weight
and refractive state are related immediately after birth, but
this relationship is reduced with increasing age. Here, we
examined whether refractive state and birth weight were
associated in 40-month-old children.
Methods and analysis Of 541 children aged 40
months in Tsubame City, Japan, who underwent a medical
examination between April 2018 and March 2019, this
cross-sectional study enrolled 411 whose birth weights
were available (76% of all).
We measured the non-cycloplegic refraction using a Spot
Vision Screener and correlated this with birth weight.
Children were divided into three groups according to
normal (2500–3500 g), high (>3500 g) or low (<2500 g)
birth weights, and mean differences in spherical equivalent
(SE) between the groups were analysed.
Results The average SE for the right eye was 0.34 D
(95% CI 0.28 to 0.40). Average birth weight was 3032.1 g
(95% CI 2990.2 to 3073.9). Birth weight did not correlate
with SE for the right eye (Pearson’s correlation, r=−0.015,
p=0.765) or with the degree of anisometropia (Pearson’s
correlation, r=−0.05, p=0.355). Furthermore, the mean SE
showed no significant difference across the three groups
of children with different birth weights (one-way analysis
of variance, p=0.939).
Conclusion Data on refractive states and birth weight
for 411 children of similar age in one Japanese city were
analysed, showing that birth weight did not influence SE,
J0, J45 and the absolute degree of anisometropia at about
40 months of age.

INTRODUCTION
Ocular refraction is mostly based on corneal
and ocular lens powers and axial lengths
(ALs). A greater refraction of light by the
cornea and/or crystalline lens yields myopia,
and a weaker refraction yields hyperopia.
Moreover, longer AL yields myopia, and a
short AL yields hyperopia. As mentioned
above, the mechanisms that determine ocular
refraction are understood to some extent.1
However, the various causes of abnormal
changes of corneal and/or lens powers and
AL and their influences in regards to refractive error remain uncertain.

Key messages
What is already known about this subject?
►► Children with retinopathy of prematurity (ROP) often

have myopia. Even in 1-week-old infants without
ROP, birth weight and refractive state are associated
as evidenced by the relationship between increasing
myopia and decreasing birth weight. However, by
about 7–9 years of age, birth weight and spherical
equivalent (SE) are no longer related.

What are the new findings?
►► It is thought that the relationship between birth

weight and refraction becomes no longer apparent at some point after birth but before 6 years.
Here, we investigated the relationship between
refractive state in 40-month-old children and their
birth weights and found that SE and the degree of
anisometropia were not related to birth weight.

How might these results change the focus of
research or clinical practice?
►► Although screening for refractive error based on birth

weight is useful immediately after birth, our results
suggest that this is not true in children who are 40
months old. Furthermore, refraction does not appear
to be affected, even among low birth-weight infants,
once children have reached the age of 40 months.

The AL is short in early childhood, yielding
mild hyperopia in most children.2 The eyeball
becomes larger with growth, usually yielding
emmetropisation.3 Mild refractive errors and
a small refraction difference between the two
eyes are not associated with problems with
visual performance. However, moderate to
severe refractive errors and particularly large
refraction differences between the two eyes
are responsible for amblyopia.4 Amblyopia
is difficult to detect at an early age, despite
the importance of early treatment.5 Identifying risk factors for refractive errors would
contribute to the prevention of amblyopia.
This study investigated birth weight as one
of the influential factors of refractive error in
children.
Many individuals with retinopathy of
prematurity (ROP) reportedly have myopia.6
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The causes of myopia in ROP are the child’s immaturity,
severity of ROP disease and efficacy of ROP treatment,
suggesting the possibility that size and weight at birth
contribute to subsequent refractive error. However, the
situation is unclear.7 Excluding ROP, the relationship
between birth weight and refractive error remains uncertain.
Varghese et al8 reported that the cycloplegic spherical
equivalent (SE) measured by retinoscopy was correlated
with birth weight and gestational age in 599 infants 1
week of age. However, another study reported that in
children aged 7–9 years, birth weight was not correlated
with SE despite a greater birth weight being associated
with longer AL.9 The reason for this was thought to be
that emmetropisation results in compensatory changes
in the ocular axial elongation primarily by changes in
crystalline lens power. Mutti et al10 reported that the
degree of hyperopia in infants decreases markedly after
6 months of age. We hypothesised that there would be a
timepoint at which the relationship between birth weight
and refraction would disappear and that this would occur
between infancy and early childhood.
This study introduced the refraction test measured
by Spot Vision Screener (SVS; Welch Allyn, New York)
at the 3-year check-up implemented by the city,11 which
allowed us to measure the refractive state of all children
aged 40 months in Tsubame City, Niigata Prefecture,
Japan. Therefore, this study aimed to correlate birth
weight records kept by Tsubame City with refraction
measured at the age of 40 months. SVS is based on the
photorefraction method,12 which enables simultaneous
measurement of refractive error in both eyes. SVS is characterised by a high measurable rate when estimated for
children, and the success rate was reported to be 99.7%
for 42-month-old children13 and 99.8 for 37-month-old
children.2 Regarding the measurement accuracy of SVS,
the refractive values measured by SVS showed a moderate
agreement with the results from cycloplegic retinoscopy
refraction.14
MATERIALS AND METHODS
Subjects
This is a cross-sectional study involving 411 children in
Tsubame City, Japan with records of birth weight from
541 children aged 40 months who underwent medical
examination in Tsubame City from April 2018 to March
2019. A total of 130 children in Tsubame City, without
birth weight record and recorded gestational age, were
excluded. The main reason for lack of records was moving
to Tsubame City. The information on children who were
living in other local government areas at birth could not
be obtained, for these children undergoing investigation
at the age of 40 months.
Methods
Certified orthoptists were measured each refraction
(spherical and, cylindrical power, cylinder axis and SE
(spherical power+cylindrical power/2)) of the children
2

using an SVS. The SE, J0 and J45 were used in all analyses
for refraction. The J0 and J45 were calculated using the
vector analysis of dioptric power according to the method
of Thibos et al.15 In addition to SE, S C A format (S;
spherical power, C; cylindrical power, A; axis) compound
refractive error is included. The birth weight and gestational age records kept by the city were correlated with
the measured refractions. The numbers beyond the
first decimal places of birth weight were truncated and
gestational age was expressed in weeks (w) with the days
truncated.
Analysis
SEs between the right and left eyes were compared using
paired sample t tests and one-way analysis of variance
(one-way ANOVA). Children were allocated to one of
three groups according to birth weight as follows: low-
birth weight group (birth weight <2500 g), normal birth
weight group (birth weight 2500–3500 g) and high birth
weight group (birth weight >3500 g). They were also
separated into three groups according to gestational age
as follows: premature group (gestational age <37 w), full-
term group (gestational age 37–42 w) and postmature
group (gestational age >42 w). The SEs for each group
are shown in table 1 as means and 95% CI. In addition to
SE, S C A format compound refractive error is included
for reference. Long’s method16 was used to calculate the
mean S C A format compound refractive error. We created
1000 bootstrapped samples with replacement to compute
empirical SEs of the estimates and 95% CIs. SEs, J0 and
J45 of the right eye and degree of anisometropia were
compared among the groups using one-way ANOVA. The
degree of anisometropia was defined as the difference
in SE between the two eyes when expressed as absolute
values in the same way as by the method of Varghese et al8
To check for multicollinearity, we correlated the birth
weight with gestational age. Because the birth weight
was correlated with gestational age, gestational age was
excluded from further consideration. In later analysis, we
correlated birth weight with the SE for the right eyes only.
Moreover, we correlated birth weight with the absolute
degree of anisometropia. Pearson’s correlation analysis
was used for the estimation of possible correlations.
Two-sided tests were used for statistical significance, and
the significance level was set at a p value <0.05. Statistical
analysis was performed using EZR (Easy R) V.1.41 that is
open-source software based on R and R commands.17
Consent to participate
The 40-month-old subjects of the study were clearly too
young to provide consent, so permission was obtained
from their parents or legal guardians.
RESULTS
This study investigated 411 children (76.0% of 541 aged
40 months) in Tsubame City. None of the children had
eye diseases, such as ROP. Table 1 separately lists results
for the right and left eyes according to birth weight and
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Table 1 Individual refraction values for the right eyes categorised according to birth weights and gestational ages
Spherical equivalent (D)

SCA

95 % CI
Characteristic

Number

Total

RE
LE

Birth weight (g)

 

<2500
2500–3500

411
411

Mean

0.34
0.34

LL

UL

0.28
0.27

0.41
0.41

95% CI
Mean

0.51–0.33 178
0.43–0.17 10

LL

0.38 −0.27 174
0.30−0.11 2

UL

0.64–0.40 1
0.55–0.23 17

RE

36

0.30

0.03

0.57

0.51–0.43 3

−0.09−0.16 172

1.06–0.74 13

LE

36

0.30

0.04

0.56

0.38–0.17 12

0.02−0.04 155

0.86–0.38 58

RE

321

0.34

0.27

0.43

0.51–0.32 177

0.35−0.24 172

0.66–0.40 1

LE

321

0.35

0.28

0.42

0.43–0.18 9

0.28−0.11 2

0.59–0.26 19

>3500

RE

54

0.34

0.21

0.49

0.52–0.34 177

0.22−0.18 163

0.84–0.52 11

LE

54

0.38

0.23

0.52

0.41–0.07 20

0.20−0.02 118

0.70–0.22 80

Gestational age (weeks)

 

<37

RE

23

0.27

−0.15

0.69

0.60–0.67 3

−0.25−0.30 174

1.34–1.07 11

LE

23

0.13

−0.32

0.58

0.40–0.53 3

−0.45−0.24 173

1.10–0.85 10

37–42

RE

388

0.33

0.27

0.39

0.50–0.31 176

0.38−0.25 172

0.64–0.38 1

LE
–

388
0

0.35

0.29

0.41

0.43–0.15 11

0.30−0.09 2

0.56–0.21 21

>43

Mean S C A, compound refractive error calculated via Long's equations (S, Spherical power; C, Cylindrical Power; A, Axis)
LE, left eye; LL, lower limits; RE, right eye; UL, upper limits.

gestational age. The J0 (mean±SD) for all subjects was
0.17±0.35 D for the right eye and 0.08±0.33 D for the left
eye. The J45 (mean±SD) for all subjects was −0.01±0.22 D
for the right eye and 0.03±0.21 D for the left eye.
The SE (mean±SD) was 0.34±0.66 D for the right eye
and 0.34±0.68 D for the left eye, showing no significant
difference (paired samples t test, p=0.949). Since there
was no significant difference in the SE between the left
and right eyes, the subsequent statistical analysis was
limited to the right eye. The birth weight (mean±SD)
was 3032.1±431.8 g. The gestational age (mean±SD) was
38.8±1.6 w. The birth weight was correlated with gestational age (Pearson’s correlation, r=0.63, p<0.001), and
birth weight and gestational age were multicollinear.
Mean S C A, compound refractive error calculated
via Long’s equations (S, spherical power; C, cylindrical
power; A, axis).
The Box-Whisker plots show SE, J0 and J45 for the
right eyes classified by birth weight (figure 1). The J0
(mean (95% CI)) for the right eye was 0.21 (0.07 to 0.36)
D for the low birth weight group, 0.15 (0.11 to 0.19) D
for the normal birth weight group and 0.17 (0.08 to 0.26)
D for the high birth weight group. The J45 (mean (95%
CI)) for the right eye was 0.03 (−0.04 to 0.10) D for the
low birth weight group, −0.02 (−0.04 to 0.00) D for the
normal birth weight group and −0.02 (−0.01 to 0.06) D
for the high birth weight group. The absolute degree of
anisometropia (mean (95% CI)), that is, the mean difference in SE across right and left eyes was 0.41 (0.18 to
0.64) D for the normal birth weight group, 0.27 (0.23 to
0.31) D for the high birth weight group and 0.22 (0.17 to
Tatara S, et al. BMJ Open Ophth 2021;6:e000808. doi:10.1136/bmjophth-2021-000808

0.26) for the low-birth weight group (one-way ANOVA,
p=0.182). Thus, none of these comparisons was significant.
The birth weight was not correlated with SE at 40
months (Pearson’s correlation analysis, r=−0.01, p=0.765;
figure 2A). Birth weight was not correlated with the
absolute degree of anisometropia (Pearson’s correlation
analysis, r=−0.05, p=0.355; figure 2B).
DISCUSSION
This study investigated 411 children (76.0% of 541 aged
40 months) in Tsubame City, Japan and indicated that
birth weight was not correlated with mean SE at 40
months. According to a previous study in Niigata, the
average birth weight of children born in 1981–1988 was
3227–3264 g in boys and 3149–3188 g in girls.18 This study
showed that the average birth weight of children born in
Tsubame City, Niigata, from 2014 to 2015, was 3032.1 g.
One possible explanation for this declining trend of birth
weight is that the number of low-birth-weight infants has
increased from the 1980s in Japan.19 20
The reason is increasing in the number of preterm
deliveries and multiple gestations.20 Varghese et al8
reported that SE is correlated with birth weight and with
gestational age in 1-week-old infants. Saw et al9 analysed
the correlation between birth weight and refraction in
children aged 7–9 years and found that birth weight
was not correlated with SE despite heavier birth weight
being associated with longer AL. They posited that a
possible explanation for this finding was the observed
compensatory flattening of the cornea, resulting in
3
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Spherical equivalent (D)

4.00

2.00

0.00

-2.00

-4.00

-6.00
<2500

2500-3500

<2500

2500-3500

<2500

2500-3500

>3500

2.00

J0 (D)

1.00

0.00

-1.00
>3500

2.00

J45 (D)

1.00

0.00

-1.00
>3500

Figure 1 Refractive states for the right eyes classified
by birth weight. The spherical equivalent (SE), J0, J45 are
shown in three groups: the normal (2500–3500 g), high
(>3500 g) and low (<2500 g) birth weight groups. The boxes
show the 25th to 75th percentiles, the whiskers show the 5th
to 95th percentiles, the horizontal lines show the median and
the plots inside box indicate the average value. The normal
(2500–3500 g), high (>3500 g) and low (<2500 g) birth weight
groups were not a significant difference in SE (one-way
ANOVA, p=0.939), J0 (one-way ANOVA, p=0.673), J45 (one-
way ANOVA, p=0.522) for the right eyes. ANOVA, analysis of
variance.

decreased power. Such compensatory change in corneal
power works against elongation of AL, mostly leading
to emmetropisation.21 The development of most ocular
optical components and refractive error could be
described from infancy through early childhood by functions combining exponential and quadratic forms.10
We predicted that gestational age and birth weight
would be related to SE immediately after birth, but that
these would not be related to refraction as the infant aged
4

up. Therefore, we evaluated the correlation between
birth weight and refraction in children aged 40 months.
This age is lower than that used in the study by Saw et al9
and we found that birth weight was not correlated with
mean SE in children aged 40 months. Children aged 7–9
years who were heavier or had a higher BMI tended to
have more hyperopic refractions.22 It appears that while
refraction in a child’s eye is affected by birth weight and
by gestational age immediately after birth, as the child
grows up, only the current weight of the child perhaps
affects SE since we have shown that birth weight and
gestational age are not related to refraction at 40 months
of age. Mutti et al10 reported that SE was +2.16 D at 3
months and changed to +1.36 D at 9 months. Cook et
al23 reported that in a study of premature infants without
ROP, SE was −2.00 D at 30 weeks and changed to +2.12
D at 60 weeks of age. Therefore, infants exhibit rapid
changes of the refractive states in the first few months of
life after premature birth. Although it has been reported
that there was a significant difference in astigmatism, and
anisometropia between full-
term and preterm infants
without ROP by 6 months of age,24 in our study, the astigmatism and anisometropia were not related at 40 months
of age. The reason for this is thought to be that the refractive error and most ocular components displayed an early
exponential phase of rapid development during the first
1–2 years of life.10 Varghese et al8 reported that the use
of birth weight as a screening tool for refraction in new-
born babies is useful, but our study revealed that birth
weight cannot be used to predict SE at 40 months of age.
The causes of refractive error include both genetic
and environmental factors. Children whose parents have
myopia tend to also develop myopia.25 A genome-wide
association study reported the existence of genes with
potential relationship with myopia.26 Regarding environmental factors, shorter distances for close work, more
time spent reading and near-
oriented activities with
less time outdoors are reportedly related to myopia.25
However, the possible influences of other environmental
factors, such as birth weight8 9 27 and parents’ smoking,28 29
remain unclear. The present study revealed that birth
weight did not correlate with the SE of the child at the
age of 40 months.
This study has some limitations and due to the single-
centre design, some sampling bias may be present.
Also, due to issues with multicollinearity (birth weight
correlating with gestational age), an additional multivariate analysis was not practical. Further detailed
explorations, including longitudinal studies from birth
onwards, of the causes of refractive error are warranted.
The study was conducted based on the measurements
recorded during routine examinations implemented
by Tsubame City, which allowed us to measure parameters in children aged 40 months in one city in Japan
and obtain epidemiologically valid data. However, being
a city medical check-up, there were restrictions on the
variables that we were allowed to measure. Therefore,
we could not measure AL, corneal radii or cycloplegic
Tatara S, et al. BMJ Open Ophth 2021;6:e000808. doi:10.1136/bmjophth-2021-000808
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Figure 2 Correlation between birth weight and refraction The ordinate denotes birth weight (g), and abscissa represents
refraction (D) of the child at the age of 40 months. (A) Relationship between SE of the right eyes and birth weights; there was
no correlation (Pearson’s correlation analysis, r=−0.01, p=0.765). (B) Relationship between absolute refraction difference in
SE between the right and left eyes and corresponding birth weights; there was no correlation (Pearson’s correlation analysis,
r=−0.05, p=0.355).

refractions. Typically, cycloplegic refractions are used
in children; however, we used the SVS to measure non-
cycloplegic refractions. As SVS can measure refractions
at a distance of 1 m between the patient and the infrared
target, it has been reported that SVS has significantly
less accommodation activation than other refraction
testing equipment and that nearly true refractive state
can be detected without the use of cycloplegia.30 Mu et
al reported that14 the refractive values measured from
SVS showed a moderate agreement with the results from
cycloplegic retinoscopy refraction that is the gold standard to measure refractive state in children. However, it
has been pointed out that SVS, which measures refractive error by the photorefraction method, may have an
inaccurate cylindrical power when the device or the
subject’s face is tilted.30 In this study, when comparing
the cylindrical powers of the right and left eyes, the cylindrical powers of the left eye tended to be lower. There
was no obvious reason for this difference in cylindrical
power between the right and left eyes in these subjects.
Therefore, it is possible that the intrinsic principle of
SVS measurement is the reason for this. In addition, the
axis of cylindrical power for the left eye, which was classified by birth weight, tended to be variable. From these
findings, a cautionary note might be that the evaluation
of the cylindrical power measured by SVS needs to be
considered in future.
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