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Abstract

Purpose To investigate the impact of single-vision spectacle use on myopia progression in children with low myopia.
Methods MYOSOTIS is a prospective myopia screening survey including all 46 primary and junior high schools in two districts of
Hangzhou, China. After 1-to-1 propensity score matching (PSM), 1,685 pairs of students with low myopia were included. Group 1 was
composed of 1,685 non-spectacle users at baseline, and group 2 consisted of 1,685 spectacle wearers at both survey rounds. Refraction
was examined by noncycloplegic autorefraction and mean spherical equivalent refraction (SER) of both eyes was analyzed. Myopia
progression was measured by average rate of change in SER (rASER) between two survey rounds and compared between the two groups.
Results After PSM, no significant difference in age, sex ratio, SER, and uncorrected visual acuity (VA) between the two
groups was found at baseline. For myopic progression, rASER showed no significant difference between the two groups
(—0.67+0.97 versus —0.69 +0.81 diopter/year, P =0.448). After adjusting for age, sex, SER, and VA, the difference in
rASER between the two groups was not significant (—0.031, 95% CI—0.089 ~0.028 diopter/year, P=0.302). In the sub-
group analyses stratified by age and SER, and in the sensitivity analyses by eye side, there was still no significant difference
in myopia progression between the two groups.

Conclusions Our study indicates that single-vision spectacle use has no impact on myopia progression in children with low
myopia. Spectacles are recommended in children with low myopia if their visual acuity has interfered with the daily life.

Keywords Single-vision spectacle use - Myopia progression - Children and teenagers - Propensity score matching -
Refractive error

Key messages

® The impact of single-vision spectacle use on myopia progression is a concern to many parents when their children
become near-sighted, but its impact on myopia progression in children remains unclear.

® This study indicates single-vision spectacle use has no impact on myopia progression in children with low myopia.

® Spectacle use is recommended in children with low myopia if their visual acuity has interfered with the daily life.
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However, the impact of spectacle use on myopia progres-
sion remains unclear, since it is usually studied as negative
control in myopia control trials and its impact could be
masked as a control group [3].

One widespread and highly controversial opinion is that
spectacle use may cause faster myopia progression [3, 4].
This may discourage some children with low myopia from
spectacle use, especially when they have never worn glasses
before. In history, spectacle use has been suspected to cause
higher degree of myopia for over a century, especially in the
condition of full correction [4]. However, studies in recent
years, which compared the myopia progression between
participants with under and full correction, showed no sig-
nificant difference between the two conditions [5], which
indicates that the belief that spectacle use may accelerate
myopia progression can also be incorrect.

To the best of our knowledge, there is lack of evidence
on the relationship between myopia progression and single-
vision spectacle use. One reason is that it is highly impos-
sible to perform an intervention study to keep the myopia
children uncorrected, which can possibly decrease their
quality of life [6] as well as academic performance [7]. For
observational study, the remarkable differences in refractive
state, age, and visual acuity between spectacle users and
non-users can significantly bias the outcomes and make the
conclusion unreliable.

Propensity score matching (PSM) is a method to reduce
the bias in estimating treatment effects by assembling simi-
lar groups with different treatments [8], which is a suitable
method to investigate the relationship between spectacle use
and myopia progression. In this study, with the data from
the MYOSOTIS survey [9], PSM is applied to construct
two groups of similar children with low myopia and differ-
ent state of spectacle use, to explore its effects on myopia
progression.

Methods
Study design

The Myopia Screening Survey Of Children and Teen-
agers In Schools (MYOSOTIS) is a cohort study which
enrolled all the 46 primary and junior high schools in
two districts (Shang Cheng and Bin Jiang) of Hangzhou,
China. The first participants were examined in early 2019,
with examinations performed at around 6 monthly inter-
vals thereafter. We examined 44,187 students at baseline,
which accounted for 95.0% of all 46,518 students in the
surveyed schools. By now, four rounds of the survey have
been completed. Considering that the COVID-19 pan-
demic lockdown was implemented between the round 2
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and 3 surveys, which may bias the outcomes, only the data
of the first two rounds were analyzed in this study.

The survey is supported by the National Natural Science
Foundation of China (Grant No.81830027). This study was
approved by the ethics committee of Eye Hospital of Wen-
zhou Medical University (Reference No. 2019-083-K-80)
and adhered to the tenets of the Declaration of Helsinki.
Informed consent was obtained from all the participants
and their parents or guardians.

Measurements

Visual acuity (VA) was measured with the China’s stand-
ard logarithmic eyesight chart at 5 m in good lighting
room. In spectacle users, the corrected VA with their
own spectacles was tested after the uncorrected VA. The
presenting VA was defined as corrected VA in spectacle
users and uncorrected VA in the others. Visual acuity in
this study referred to uncorrected VA, unless otherwise
noted. Refractive error was estimated by noncycloplegic
autorefraction with the Tianle RM9000 autorefractom-
eter (Ningbo Ming Sing Optical R&D Co., Ltd, Ningbo,
China). The spherical power and cylindrical power in
diopter, as well as cylindrical angle, were recorded. The
spherical equivalent refraction (SER) was calculated as
sphere power + 1/2 cylinder power. Myopic progression
was defined as a more negative SER.

Eligible criteria

As shown in Fig. 1, the students who met any criteria were
excluded, which contained the children who were older
than 16 years or younger than 6 years at baseline or whose
age was not available; the students with reported history
of ortho-k or other contact lenses wearing; the participants
who graduated from the enrolled schools or lost to follow-
up at round 2; the students with missing refractive data or
with extreme refractive records (astigmatism with cylin-
der power >4 D, myopia with SER < —9 D, or hyperopia
with SER > 5 D) in either eye, or with anisometropia>2 D
between two eyes, at any survey round. We also excluded
those with change in SER between two rounds>2 D in
either eye.

Of the 34,676 students remaining, 11,008 were
defined as low myopia, with a mean SER of both eyes
between — 0.5 and — 3.0 D and uncorrected VA <1.0 log-
MAR in both eyes at round 1. The students were catego-
rized into two groups: group 1 (non-glasses users at round
1) and group 2 (spectacle users at both survey rounds).
After 1-to-1 propensity score matching and within a
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Fig. 1 Flow chart showing the
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1,685 pairs (3,370 students) remained in analyses

caliper distance of 0.05, a total of 1,685 pairs (3,370 stu-
dents) were enrolled in analyses.

Statistical analysis

Age and time interval were calculated in days and analyzed
as continuous variables. The rate of SER change (rASER)
was calculated as the difference in SER (ASER) between
two rounds divided by the corresponding time interval in
year. Mean SER and VA of both eyes were analyzed in all
models unless otherwise mentioned.

PSM was performed using the STATA psmatch2 package,
with 1-to-1 matching between groups 1 and 2 and within
a caliper of 0.05 (which is determined by 1/4 X standard
deviation of the propensity scores). T-test was performed
to compare means and chi-square test was used to compare

sex ratio between groups. Linear regression models were
applied to investigate the associations between rASER,
groups, and other covariates. The 3D kernel density esti-
mation and plotting were performed with R v4.0.5 (The R
Foundation), using the ks package [10]. Age, SER, and VA
at round 1 were used as the 3 dimensions to visualize the
differences in distribution between the two groups. Subgroup
analyses were performed based on tertiles of age and SER
at baseline, while sensitivity analyses were performed based
on eye sides. All analyses except the 3D kernel density plot-
ting were performed using STATA/SE-15 (StataCorp LLC,
College Station, TX).
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Results

As shown in Fig. 1, of the 44,187 participants at base-
line, 1,685 pairs of PSM matched 3,370 students with
low myopia were enrolled for analyses, and the average
follow-up time was 6.3 + 0.4 months for group 1 and
6.4 + 0.4 months for group 2. In Table 1, before PSM, the

means of all analyzed variables at baseline were signifi-
cantly different between the two groups (P <0.001), and
the spectacle users in group 2 were significantly older,
more myopic, with worse VA and faster rate of myopia
progression, while the sex ratio showed no significant
difference between the two groups (P =0.060). After
PSM, no significant difference in age, sex ratio, VA,
and SER between the two groups was found at baseline,

Table 1 The descriptions of the students with low myopia at round 1 before and after propensity score matching (PSM)'

Students with low myopia before PSM*

P PS matched students with low myopia* P
Group 1 (n=7,663) Group 2 (n=2,400) Group 1 (n=1,685) Group 2 (n=1,685)
Age (years) 104+2.1 11.2+1.9 <0.001 11.0£2.0 11.0+1.9 0.996
Sex (female %) 47.6% (3650/7663)  49.8% (1196/2400) 0.060 47.9% (807/1685)  50.1% (844/1685) 0.202
SER (diopters) -1.16+0.61 —2.04+0.63 <0.001 —1.86+0.63 —1.84+0.61 0.306
Uncorrected visual acuity (logMAR) 0.21+0.22 0.53+0.21 <0.001 0.45+0.18 0.44+0.16 0.117
Presenting visual acuity (logMAR)  0.21+£0.22 0.09+0.14 <0.001 0.45+0.18 0.07+0.13 <0.001
Propensity score 0.15+0.19 0.52+0.26 <0.001 0.41+0.22 0.40+0.21 0.096
Rate of SER change (diopter/year) —-0.35+1.04 —-0.70+0.81 <0.001 —0.67+0.97 —0.69+0.81 0.448

TContinuous data in format, mean + standard deviation. *Group 1: non-spectacle users at round 1; group 2: spectacle users at both survey rounds.

SER, spherical equivalent refraction; PS, propensity score; PSM, propensity score matching. 945 students with missing information of spectacle

use were not analyzed
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Fig.2 The distributions of groups 1 and 2 visualized by (A-C) 3D
kernel density plots with age, SER, and visual acuity at baseline as
the dimensions, and (D-F) distribution plots of propensity scores.
The procedure of propensity score matching (PSM) was shown as (A,
D) participants who remained in analyses before applying restriction

@ Springer

Propensity score

(F)

of low myopia in Fig. 1; (B, E) participants with low myopia before
PSM; and (C, F) participants with low myopia after PSM (group 1:

non-spectacle users at round 1; group 2: spectacle users at both sur-
vey rounds)
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while presenting VA was significantly better in spectacle
users of group 2 (P <0.001). The rate of myopia progres-
sion (rASER) was similar in groups 1 and 2 after PSM
(mean +SD, —0.67 +0.97 versus —0.69 +0.81 diop-
ter/year, P =0.448). Figure 2 supports the outcomes in
Table 1, with the 3D kernel density plots and the distribu-
tion plots of propensity scores indicating distinct differ-
ence between the two groups before applying restriction of
low myopia (A, D), less distinct difference in low myopia
children before PSM (B, E), and similar distributions after
applying PSM (C, F).

In Table 2, the association between the rate of myo-
pia progression and spectacle use was investigated with
linear regression models (model I adjusted for age and
sex at baseline; model II adjusted for age, sex, and SER
at baseline; and model III further adjusted for VA at
baseline). After PSM, rASER showed no significant

groups 1 and 2 was found in all three models, neither in right
eyes nor in left eyes.

In Table S2, we subdivided group 1 (non-spectacle users
at baseline), into group 1-1 (children who remained uncor-
rected at round 2) and group 1-2 (children who became
spectacle users at round 2). Their paired students in group 2
were subdivided into group 2—1 (matches to those in group
1-1) and group 2-2 (matches to those in group 1-2). As
shown in Table S2, the rASER showed no significant differ-
ence between groups 2—1 and 2-2, while significant slower
rate in group 1-1 and faster rate in group 1-2 were found in
all three models (P <0.001).

Discussion

After PSM, 1,685 pairs of students with low myopia were

Table 2 Linear regression for the rate of spherical equivalent refraction change (rASER, diopter/year), in participants with low myopia after pro-

pensity score matching (PSM)

Variables Model 1

Model IT

Model III

Coefficient (f) (95% CI) P

Coefficient (f) (95% CI) P

Coefficient (f) (95% CI) P

Groups (Ref.=group 1)*  —0.025 (—0.084, 0.035) 0.418 —0.023 (—0.082,0.037) 0.455 —0.031 (-0.089, 0.028) 0.302
Age (years) 0.080 (0.063, 0.096) <0.001 0.074 (0.058, 0.091) <0.001 0.068 (0.052, 0.084) <0.001
Sex (Ref. =female) —0.051 (=0.111, 0.009) 0.095 —-0.057 (—0.117,0.003) 0.061 —0.079 (—0.138,-0.020) 0.009
SER (diopter) - - —0.097 (- 0.146,—0.049) <0.001 -0.163 (—0.213,-0.112) <0.001
Visual acuity (logMAR)" - - - - —0.970 (- 1.160,—0.780) <0.001

“Group 1: non-spectacle users at round 1; group 2: spectacle users at both survey rounds

TUncorrected visual acuity

difference between the two groups in all three models
(according to model III, the difference was —0.031, 95%
CI, —0.089~0.028, P=0.302). For covariates, the myo-
pia progression was significantly faster in younger, less
myopic participants with worse VA. In model III, 1 year
younger, one diopter less myopic, and 0.1 logMAR worse
VA were respectively associated with 0.068 (95% CI,
0.052~0.084), 0.163 (95% CI, 0.112~0.213), and 0.097
(95% CI, 0.078 ~0.116) diopter/year faster myopic pro-
gression (P <0.001).

We then performed sensitivity analyses by stratifying the
participants into nine subgroups based on tertiles of age and
SER at baseline. As shown in Fig. 3, no significant differ-
ence in rASER between groups 1 and 2 was found in eight
subgroups (P > 0.05). In the remaining subgroup (10 < ag
e <12 years,—2.15<SER < —3.0 D), myopia progression
seemed slower in group 2 (P <0.05). However, the differ-
ence is not significant if multi-comparisons were taken into
consideration (Bonferroni-corrected level). In Table S1,
we further performed sensitivity analyses by sides of the
eyes. Similarly, no significant difference in rASER between

enrolled into analyses. Table 1 and Fig. 2 show that PSM
successfully eliminated the significant differences in age,
SER, and VA between the two groups at baseline, which
reduced the possible bias due to confounding variables. Our
study indicated no significant association between single-
vision spectacle use and myopia progression, and the con-
clusion was consistent in all sensitivity analyses.

In this study, PSM was performed to reduce intergroup
variance. In Fig. 2, we innovatively introduced 3D kernel
density plotting into PSM to visualize its effects, with the R
ks package [10]. Although Table 1 demonstrates that PSM
successfully eliminated the difference in means of all vari-
ables for modeling, Fig. 2 further reveals that the co-distri-
bution of the variables also becames similar. This technique
can be useful in future PSM studies.

We found no significant difference in the rate of myopia
progression between the two groups, which indicates that
spectacle use will not accelerate nor retard myopia devel-
opment. The conclusion is robust, since we got consistent
conclusion in the subgroup analyses stratified by refractive
status and age (Fig. 3), as well as in the sensitivity analyses

@ Springer
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by eye laterality (Table S1). The conclusion is also sup-
ported by published literatures comparing under and full
correction of myopia, which shows no significant difference
in myopia progression [11-13]. On the other hand, even if
false negative conclusion was got in this study, according to
Table 2, the neglected effect is very small (—0.031 diopter/
year, or 4.5% of the average rate).

Contrarily to our findings, spectacle use, especially in full
correction, has long been suspected to cause higher degree
of myopia [3, 4]. More than one century ago, the use of
accommodation in spectacle users was suspected to cause
more severe myopia, via suspected intraocular tension (IOP)
increase during accommodation [4]. However, studies are
controversial on how IOP will change during accommoda-
tion, and some support that an increase will happen [14, 15],
while others find that a decrease will occur [16, 17]. Moreo-
ver, even in the studies that support an increase in IOP dur-
ing accommodation [14, 15], the IOP only increases slightly
and is still within normal level, which seems unlikely to
cause mechanical axial length elongation and associated
myopia progression. On the other hand, retinal hyperopic
defocus from accommodative lag in spectacle users is sus-
pected as another factor to promote axial elongation and
myopia progression [18, 19]. Although accommodative lag
is usually observed in myopia children, Mutti et al. point
out that it is more likely as a result of myopia rather than its
cause, since elevated accommodative lag only occurs after
the onset of myopia rather than before it [20]. Moreover,
many studies indicate no association between children’s
accommodative lag and myopic progression [12, 19, 21].
In summary, to the best of our knowledge, there is no solid
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theoretical foundation to support an impact of spectacle use
on myopia progression, and our study supports no associa-
tion between them.

We may give some explanations on our grouping and
matching methods. Firstly, we enrolled the participants into
the following two groups: group 1 consisted of non-specta-
cle users at baseline and group 2 included spectacle users
at both survey rounds. Some may doubt why not to enroll
non-spectacle users at both rounds as group 1 if we hope to
explore the effect of spectacle use. As shown in Table S2, for
non-spectacle users at baseline, those who remained uncor-
rected during follow-up (group 1-1) were more likely to
show slower myopia progression, while the children who
became spectacle users (group 1-2) tended to present much
faster myopic development. Interestingly, for their matches
in group 2, no significant difference in myopia progression
was found, which indicated that if only the children who
remained uncorrected were enrolled as negative controls, we
may artificially select those with much slower rate of myo-
pia progression and got biased outcomes. Secondly, during
PSM, we used average SER and VA of both eyes, rather than
data of right, left, or a random eye. Given spectacle users
tend to be more myopic with worse uncorrected VA, and
the data may vary between both eyes, if only one eye is used
for matching, the data of the other eye will be unbalanced,
which will generate two incomparable groups.

The large sample size and well-matched participants are
the major strengths of this study. However, some limita-
tions must be considered to interpret our findings. Firstly,
the refractive error was measured by noncycloplegic autore-
fraction, but accommodation was neglected in all analyses.
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Considering that accommodation existed at both rounds,
its effects on the conclusion may be small since the study
focused on the difference in SER (myopic progression). Sec-
ondly, since biometric exams were not performed in this
survey, we did not have evidence on structure to support our
findings. Thirdly, all participants in this study were Chinese
children; it should be careful to apply the evidence in other
populations.

Conclusions

In conclusion, our study indicates that single-vision spec-
tacle use has no impact, neither acceleration nor retarda-
tion, on myopic progression in children with low myopia.
Since presenting VA is significant worse in non-spectacle
users, which may decrease their quality of life [6] as well
as academic performance, we suggest spectacle should be
prescribed in children with low myopia if their vision has
been impaired.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00417-021-05423-6.
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