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Purpose: To evaluate the long-term changes in spherical equivalent (SE) refractive error and astigmatism in patients after spec-
tacle use.

Methods: A total of 103 patients with refractive error without strabismus and amblyopia who received at least 3 years of follow-up
after using spectacles were included in this study. Patients were divided into groups according to the age at which spectacles
were used (<4 years, 24 to <7 years, 27 years), the initial degree of SE refractive error (<-0.50 diopter [D], -0.50 to +0.75 D,
>+0.75 D), and the initial degree of astigmatism (<1.00 D, 1.00 to 3.00 D, = 3.00 D). Changes in the SE refractive error and astig-
matism were compared between these groups using mixed linear models.

Results: Patients were followed up for a mean of 9.1 + 1.6 years. An overall negative shift in SE refractive error and an increasing
tendency in astigmatism during follow-up were noted regardless of the age at which spectacles were used (p < 0.001). The my-
opic group showed the largest negative shift in SE and the largest increase in astigmatism (p < 0.001, p= 0.02 respectively). The
low and moderate astigmatism groups were more likely to have significant increases in astigmatism (p < 0.001).

Conclusions: Patients with refractive error showed a negative shift in SE and an increasing tendency in astigmatism regardless
of the age at which spectacles were used. Changes in SE and astigmatism may be influenced by the initial degree of SE, and the
initial degree of astigmatism may influence changes in astigmatism.
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Table 1. Mean initial spherical equivalent, astigmatism, and length of follow-up

Initial no. of patients Initial SE Initial astigmatism Length of follow-up
@, %) D) (D) (years)

Age at the use of spectacles

<4 years 21 (20.4) -0.17 + 3.44 1.14 + 0.67 9.57 + 1.03

>4 to <7 years 64 (62.1) +0.34 + 2.65 1.67 + 1.10 9.27 £ 1.30

>7 years 18 (17.5) -0.99 + 1.57 1.01 £ 1.13 7.72 + 2.54
Initial degree of SE

<-0.50 D 45 (43.7) -2.02 + 1.46 1.50 + 1.15 8.82 +2.10

>-0.50 0 <+0.75 D 31 (30.1) +0.03 + 0.41 1.63 £ 1.18 9.16 + 1.04

>+0.75D 27 (26.2) +3.34 + 2.51 1.15 £ 0.65 9.33 +£1.33
Initial degree of astigmatism

<1.00 D 33 (32.0) -0.16 + 2.94 0.37 + 0.30 8.39 +2.28

>1.00 to <3.00D 57 (55.3) +0.26 + 2.85 1.60 + 0.53 9.39 + 1.19

>3.00 D 13 (12.6) -0.69 + 0.60 3.50 +£ 0.43 9.31 £ 0.95

Data were presented as mean + standard deviation for continuous variables and n (%) for categorical variables.

SE = spherical equivalent; D = diopter.
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Figure 1. Boxplots showing changes of spherical equivalent (SE) refractive error according to the duration of time after the initiation
of spectacle treatment. (A-C) Subjects are divided into 3 groups according to the age at which spectacles were used (A, children us-
ing spectacles at < 4 years of age; B, children using spectacles between 4 and 7 years of age; C, children using spectacles at >7 years
of age). (D) A regression model of these groups is also presented. D = diopter.
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Figure 2. Boxplots showing changes of astigmatism according to the duration of time after the initiation of glasses treatment. (A-C)
Subjects are divided into 3 groups according to the age at which spectacles were used (A, children using spectacles at <4 years of
age; B, children using spectacles between 4 and 7 years of age; C, children using spectacles at >7 years of age). (D) A regression

model of these groups is also presented. D = diopter.
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Figure 3. Boxplots showing changes of spherical equivalent (SE) refractive error according to the duration of time after the initiation
of spectacle treatment. (A-C) Subjects are divided into 3 groups according to the initial degree of SE (A, myopia group: eyes with
an initial SE refractive error of <-0.50 D; B, emmetropia group: eyes with an initial SE refractive error of -0.50 to +0.75 D; C,
hyperopia group: eyes with an initial SE refractive error of > +0.75 D). (D) A regression model of these groups is also presented.
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Figure 5. Boxplots showing changes of astigmatism according to the duration of time after the initiation of spectacle treatment.
(A-C) Subjects are divided into 3 groups according to the initial degree of astigmatism (A, mild astigmatic group: eyes with an initial
astigmatism of < 1.00 D; B, moderate astigmatic group: eyes with an initial astigmatism of 1.00 to 3.00 D; C, severe astigmatic
group: eyes with an initial astigmatism of >3.00 D). (D) A regression model of these groups is also presented. D = diopter.
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