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PURPOSE. To model juvenile-onset myopia progression as a function of race/ethnicity, age,
sex, parental history of myopia, and time spent reading or in outdoor/sports activity.
METHODS. Subjects were 594 children in the Collaborative Longitudinal Evaluation of
Ethnicity and Refractive Error (CLEERE) Study with at least three study visits: one visit
with a spherical equivalent (SPHEQ) less myopic/more hyperopic than −0.75 diopter
(D), the first visit with a SPHEQ of −0.75 D or more myopia (onset visit), and another
after myopia onset. Myopia progression from the time of onset was modeled using cubic
models as a function of age, race/ethnicity, and other covariates.
RESULTS. Younger children had faster progression of myopia; for example, the modelestimated 3-year progression in an Asian American child was −1.93 D when onset was
at age 7 years compared with −1.43 D when onset was at age 10 years. Annual progression for girls was 0.093 D faster than for boys. Asian American children experienced
statistically significantly faster myopia progression compared with Hispanic (estimated
3-year difference of −0.46 D), Black children (−0.88 D), and Native American children
(−0.48 D), but with similar progression compared with White children (−0.19 D).
Parental history of myopia, time spent reading, and time spent in outdoor/sports activity
were not statistically significant factors in multivariate models.
CONCLUSIONS. Younger age, female sex, and racial/ethnic group were the factors associated
with faster myopic progression. This multivariate model can facilitate the planning of
clinical trials for myopia control interventions by informing the prediction of myopia
progression rates.
Keywords: myopia, juvenile, progression, observational study

T

he prevalence of myopia varies around the world. A
report from the United States indicated that roughly
one-third of those 20 years and older were myopic.1 Studies
from Asia report a higher prevalence of myopia compared
with the United States. For example, in Korea, 96.5% of
male military enlistees were reported to be myopic.2 He et
al.3 found that 78% of Chinese 15-year-olds were myopic,
whereas 62.5% of 12-year-old children in Hong Kong were
myopic.4 Given that there is no accepted method to prevent
the onset of myopia, identifying those children at greatest
risk of myopia progression is a logical goal for clinicians
and researchers.
Many studies have reported rates of myopia progression,
most frequently based on data for the single-vision spectacle
or placebo group in clinical trials evaluating interventions
for myopia control. Reports of myopia progression from
Singapore and Hong Kong found similar rates of progression, roughly −0.60 diopter (D)/yr.5–8 Several other stud-

ies found greater average yearly progression rates, between
−0.80 D and −1.20 D/yr,9–11 although Hasebe et al.9 found
that older children’s myopia progressed more slowly than
younger children (−1.03 D/yr vs. −1.36 D/yr). A cohort from
Singapore further illustrates the declining rate of myopic
progression with increasing age. During the first year, there
was a progression of −0.88 D in a group of 7- to 9-yearold children, with the change slowing to −0.67 D during
the second year. By the third year, the change was only
−0.48 D.12 A study in China found that both age and sex
differentially affected progression, that is, younger children
progressed faster, as did females.13
In comparison to children in Asian countries, myopia
progression rates reported for children in the United States
tend to be slightly slower. In the placebo group in a US-based
study of pirenzepine in a predominantly White sample,14 the
average myopia progression was −0.53 D per year. Gwiazda
et al.15 had a slightly more racially mixed sample aged
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6 to 11 years and reported a 3-year myopia progression of
−1.48 D in the single-vision lens group, with progression
of −0.60 D in the first year. Age, sex, and race/ethnicity all
played roles in the amount of myopic progression.16
A greater number of myopic parents has also been
associated with a faster rate of progression. Kurtz et al.17
reported that progression over 5 years was −1.81 D among
children in the single-vision lens group with no myopic
parents compared with −2.59 D in children with two myopic
parents. Saw et al.7 reported that having two myopic parents
added −0.43 D every 6 months to the rate of myopia
progression. In general, the annual myopia progression rates
published to date range from −0.50 D to −0.90 D per year.
The data investigating patterns for progression in
subgroups beyond sex and age are limited. Specifically,
there are limited data on a variety of racial/ethnic groups
in conjunction with age of myopia onset and other potential predictors of progression rate. With the exception of a
subset of children from the Singapore study,18 the children
typically presented in the literature are prevalent myopes,
having been diagnosed some time prior to study entry.
Known age of onset, as opposed to depending on parental
recall or clinic records, allows for analysis of the effect
of the age of onset on the rate of progression, for example, does the rate of myopia progression of an 11-yearold child differ depending on whether the myopia onset
was at age 7, 9, or 10 years? Identifying the factors associated with myopia progression could also help target those
groups that might benefit the most from early treatment to
prevent or slow myopia progression. Detailed quantitative
models relating risk factors to rates of progression are necessary for such identification. The success of several therapies to slow myopia progression, such as low-dose atropine
and soft multifocal contact lenses, makes randomization of
children to placebo or standard groups in future clinical
trials less likely due to ethical concerns.19–22 Judging efficacy
against an untreated control group may depend on comparison to historical, untreated control groups. Using data from
the Collaborative Longitudinal Evaluation of Ethnicity and
Refractive Error (CLEERE) Study, myopia progression models
by race/ethnicity, age at first myopic visit, sex, parental
myopia, and environmental exposures are presented to
address these questions.

METHODS
The CLEERE Study began in 1989 as the Orinda Longitudinal Study of Myopia, a longitudinal, observational study
designed to evaluate risk factors for the development of
juvenile-onset myopia. The racial/ethnic composition of
Orinda, California is predominantly White. The expansion
to include other sites allowed for the recruitment of other
racial/ethnic groups to improve generalizability. The study
consisted of a volunteer sample, in which each clinic site
focused recruitment on a specific racial/ethnic group: Eutaw,
Alabama (Black children); Houston, Texas (Hispanic children); Tucson, Arizona (Native American children); Irvine,
California (Asian American children); and Orinda, California (White children). Informed consent and assent were
provided by the parents and children, respectively, according to the tenets of the Declaration of Helsinki. Informed
consent procedures and study protocols were approved by
each university’s affiliated institutional review board.
Measurements were collected from the right eye only.
Cycloplegic autorefraction was conducted by certified study
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personnel with the Canon R-1 autorefractor (Canon USA,
Lake Success, NY, USA; no longer manufactured) from 1989–
2000 and with the Grand Seiko WR-5100K autorefractor
(Grand Seiko Co., Hiroshima, Japan) from 2001–2010. For
cycloplegic autorefraction, subjects fixated on a reduced
Snellen target through a +4.00 D-Badal lens in primary gaze.
For subjects with grade 1 or 2 iris color (in general, a blue or
a gray iris or with a green iris with a lesser amount of brown
pigment),23 testing was performed 30 minutes after one drop
of proparacaine 0.5% and two drops of tropicamide 1.0%. In
subjects with dark iris color greater than grade 2, testing
was performed 30 minutes after one drop of proparacaine
0.5% and one drop each of tropicamide 1.0% and cyclopentolate 1.0%.24 Ten autorefractor measurements were made
and averaged according to a standard protocol.25
Racial/ethnic group for the child was supplied by a parent
on the CLEERE medical history form at study enrollment
by choosing among six categories (based on the National
Institutes Health categories in 1997 when ethnic data were
first gathered): American Indian or Alaskan Native; Asian
or Pacific Islander; Black not of Hispanic origin; Hispanic;
White not of Hispanic origin; other or unknown. Children
who were identified as being “other” race/ethnicity were not
included in this analysis.
Parents provided information on their own refractive
error status through a survey. Typically, one parent provided
both parents’ years of birth, whether they wore spectacles
or contact lenses, if worn, the age when they were first
prescribed spectacles, and how they primarily used the spectacles at the time of the survey (for viewing at distance, at
near, or both). A parent was considered myopic if they used
the spectacles primarily for distance or for both distance and
near if the spectacles had been first been prescribed before
the age of 17 years. This cutoff had a relatively high sensitivity and specificity (76% and 74%, respectively) in a previous
validation study.26
Visual activity data were provided annually by a parent
using a questionnaire that asked, “During the school year,
how many hours per week (outside of regular school hours)
would you estimate this child: (1) studies or reads for school
assignments; (2) reads for fun (pleasure); (3) watches TV;
(4) uses a computer/plays video games; and (5) engages in
outdoor/sports activities?” Reported hours per week across
all five activities that exceeded 82 were set to missing in
12 subjects. This exclusion assumed that 82 hours outside
of school were not reasonably available to a child during a
week. Diopter-hours were also calculated as a comprehensive near work exposure: 3 x hours of reading + 3 x hours
of studying + 2 x video/computer hours + hours watching
television.27
The aim of this particular analysis was to model spherical equivalent refractive error (SPHEQ: defined as sphere
+ one-half of the cylinder from cycloplegic autorefraction
of the right eye) as a function of time from the observed
myopia onset within the study. Myopia onset in previously
nonmyopic children was identified in 594 subjects based on
a SPHEQ of −0.75 D or more myopia. To be included in
this analysis a child had to have at least three visits: one
visit with a SPHEQ showing less myopia than −0.75 D, one
visit with a SPHEQ equal to or more myopic than −0.75 D,
and another visit after myopia onset. The first visit at which
the SPHEQ was −0.75 D or more myopic was defined as
the child’s myopia-onset visit. SPHEQ values collected at all
available visits at or after myopia onset were used in the
analysis. Predictors of interest were age at the myopia-onset
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visit, baseline SPHEQ, sex, race/ethnicity, parental history of
myopia, hours of reading, and hours of outdoor/sports activities per week. The final model was determined using only
those subjects with complete data. After the final model was
fitted, the model was applied to a test set of myopic children
whose myopia-onset visit was not observed (i.e., myopic at
study entry) (n = 461), and the performance of the model
was evaluated. This was accomplished by determining the
prediction error, defined as the SPHEQ predicted by the
model−the observed SPHEQ (predicted–observed, negative
value = average bias toward more myopia).

STATISTICAL METHODS
All analyses were done using SAS version 9.4 (SAS Institute,
Cary, NC, USA) for Windows. The MIXED procedure was
used for modeling. Fitting SPHEQ as a cubic in time provided
enough flexibility to adequately fit myopia progression after
onset. The base model had the following form:
SPH E QT i = (γ0 + u0i ) + (γ1 + u1i ) ∗ T
+ (γ2 + u2i ) ∗ T 2 + (γ3 + u3i ) ∗ T 3 + εT i
In the model, i indexes the child. The four γ terms in the
model (γ 0 through γ 3 ) are constants providing the mean
intercept, slope, quadratic, and cubic coefficients, respectively. The four u terms (u0i through u3i ) adjust the mean
parameters (intercept, slope, quadratic, and cubic coefficients) for between-child variation in SPHEQ. The ε term
accounts for the scatter of an individual child’s data about
his cubic fit (i.e., the amount of error between the actual data
for a given child and the cubic fit across all visits). Because of
variation in model convergence, the random effects included
in a model depended on which model was being fit. For the
model with no predictors, random effects were included in
the intercept, linear, quadratic, and cubic model terms. For
the univariate models in the backward selection process,
random effects were included in the intercept and linear
model terms for all predictors but baseline SPHEQ. For the
univariate model with baseline SPHEQ, random effects were
included in the linear, quadratic, and cubic model terms. For
the multivariate model, random effects were included in the
linear, quadratic, and cubic model terms.
A predictor (P) was added to the base model in the
following way:

with the cubic term. If the cubic coefficient for the predictor, P, was statistically significant (p < 0.05), there were no
changes made to the model. If it was not statistically significant, the cubic P term was removed, and the reduced model
was fit. In the reduced model, if the quadratic P term was
statistically significant, no additional changes were made to
the model. If it was not, the quadratic P term was removed,
and the reduced model was fit (i.e., a cubic base model with
P terms limited to the intercept and slope). If necessary, the
process was repeated for the linear P term and, finally, the
intercept P term. If the intercept P term was not statistically
significant, we concluded that the predictor had no effect
on the progression of myopia. In multivariate modeling, all
predictors were included in all the polynomial terms, even
if their univariate models had simpler final configurations.
Again, to achieve a parsimonious model, predictor terms that
were not statistically significant were sequentially removed,
using backward stepwise selection with the term with the
biggest P value selected for removal. The cubic predictor
terms were evaluated first, followed by the quadratic, linear,
and intercept terms. There was no pruning of lower order
predictor terms if a higher order term was statistically significant.

RESULTS
Tables 1 (continuous variables) and 2 (categorical variables)
summarize characteristics of the data, including the distributions of the predictors of interest. The overall means and
frequencies for the entire sample meeting all of the eligibility
criteria for this analysis (all data), the means and frequencies
of those with complete data for all of the predictors used to
determine the model (complete data), and the characteristics of the subjects without an observed myopia-onset visit
used to test the model (test set) are presented. The average number of visits was between three and four, and the
average age at the myopia-onset visit was between 10 and
11 years old. By the myopia-onset visit, children had an average SPHEQ of −1.11 D. Fifty-eight percent of the sample was
female. Approximately 30% were Hispanic, and 24% were
White. Asian Americans made up 21%; Blacks represented
16.3%; and the remaining 8.8% were Native Americans. The
percentage of children with no myopic parents was 42%,
whereas 36% had one myopic parent, and the remaining 22%
had two myopic parents.

Univariate Predictor Model Results

SPH E QT i = (γ00 + γ01 ∗ Pi + u0i ) + (γ10 + γ11 ∗ Pi + u1i ) ∗ T

Building from the base cubic model, each of the predictor
variables was evaluated. Univariate models were statistically
significant for sex, race/ethnicity, parental history of myopia,
hours of reading spent per week, baseline SPHEQ, and age
at myopia-onset visit. Hours of outdoor/sports spent per

+ (γ20 + γ21 ∗ Pi + u2i ) ∗ T 2 + (γ30 + γ31 ∗ Pi + u3i ) ∗ T 3 + εT i
Predictor terms were sequentially removed to produce
more parsimonious univariate models. The removal began

TABLE 1. Means and Standard Deviations for the Continuous Variables of Age, SPHEQ, Number of Hours per Week Spent Reading, and
Number of Hours per Week Spent in Outdoors/Sports Activity at the Myopia-Onset Visit for the Overall Dataset, the Subset of Those With
Complete Data, and the Test Set
All Data (n = 594)
Number of visits overall
Age at first myopic visit (yrs)
SPHEQ (D)
Hours of reading per week
Hours of outdoors/sports activities per week
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3.58
10.50
−1.11
4.48
6.69

±
±
±
±
±

1.40
1.70
0.32
4.36
5.84

Complete Data (n = 457)
3.65
10.39
−1.12
4.56
6.88

±
±
±
±
±

1.43
1.67
0.33
4.28
5.91

Test Set (n = 461)
4.15
10.14
−2.01
4.21
6.80

±
±
±
±
±

1.88
2.10
1.25
5.23
6.92
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TABLE 2. Distribution of Sex, Race/Ethnicity, and Parental History of Myopia (n = 594)
Datasets

Sex n (%)
Female
Male
Race/ethnicity n (%)
Asian American
Black
Hispanic
Native American
White
Number of myopic parents n (%)
0
1
2

All Data (n = 594)

Complete Data (n = 457)

Test Set (n = 461)

343 (57.7)
251 (42.3)

255 (55.8)
202 (44.2)

246 (53.4)
215 (46.6)

125
97
178
52
142

102
53
149
29
124

109
55
135
78
84

(21.0)
(16.3)
(30.0)
(8.8)
(23.9)

217 (42.0)
186 (36.0)
114 (22.1)

(22.3)
(11.6)
(32.6)
(6.3)
(27.1)

182 (39.8)
170 (37.2)
105 (23.0)

(23.6)
(11.9)
(29.3)
(16.9)
(18.2)

151 (39.9)
135 (35.7)
92 (24.3)

TABLE 3. Final Multivariate Model Parameter Estimates for a Cubic Model of SPHEQ. Age at First Myopic Visit Centered at 7 Years Old and
Baseline SPHEQ (SPHEQ0 ) Centered at −0.75 D
Racial/Ethnic Group
White
Asian American
African American
Hispanic
Native American

Intercept Adjustment α 1 (95% CI)
−0.010
0.002
0.009
0.001

0
(−0.051, 0.031)
(−0.042, 0.045)
(−0.028, 0.046)
(−0.053, 0.055)

Linear Adjustment β 1 (95% CI)
−0.062
0.231
0.092
0.097

0
(−0.139, 0.014)
(0.150, 0.311)
(0.026, 0.159)
(0, 0.195)

Race/ethnicity adjustments
Male = 0; Female = 1
[−0.739 – 0.002 * (age of first myopic visit - 7) + 0.998 * (SPHEQ0 + 0.75) −0.008 * sex + α 1 ] + [−0.629 + 0.09 * (age of first myopic
visit - 7) + 0.18 * (SPHEQ0 + 0.75) −0.093 * sex +β 1 ]T + [0.041– 0.024 * (age of first myopic visit - 7) – 0.024 * (SPHEQ0 + 0.75)]T2 +
[−0.003 + (0.004 * (age of first myopic visit - 7)]T3
CI, confidence interval; T, time since onset of myopia.

week and diopter-hours did not contribute significantly to
the model.

Multiple Predictors Model
After model selection was completed, the predictors in the
final model were sex, race/ethnicity, age at myopia-onset
visit, and baseline SPHEQ. Despite being statistically significant in the univariate models, parental history of myopia
and hours of reading spent per week were not significant in
the multivariate analysis. As with the univariate modeling,
neither terms involving hours of sports nor those involving
diopter hours were statistically significant in the multivariate
model. For the model fitting, baseline SPHEQ was centered
at −0.75 D, and age at the myopia-onset visit at 7 years old.
Table 3 provides a summary of the final multivariate
model with the equation that provides the necessary information to calculate the estimated SPHEQ for any given sex,
race/ethnicity, baseline SPHEQ, and age at myopia-onset
visit referenced in the Table footnote. Age at the myopiaonset visit affected the model up through the cubic term,
that is, it influenced not only the slope of myopia progression but also altered the curvature of the progression lines.
Race/ethnicity and sex affected the slope of myopia progression. Differences in race/ethnicity were independent of the
age at myopia-onset visit.
Figure 1 shows the projections for SPHEQ by age at
myopia onset from 7 to 12 years. Beyond age 12 years there
were fewer than 5 subjects aged 13 or 14 years. These curves
are generated based on the following assumptions: 50%
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FIGURE 1. SPHEQ refractive error growth based on age at myopiaonset visit. These estimates assume an equal proportion of females
and males, a baseline SPHEQ of −0.75 D, of race/ethnicity: 5.5%
Asian American; 14.2% African American; 26.8% Hispanic; 0.8%
Native American; and 52.7% White. Models are built only for ages
with data available.

female; a SPHEQ of −0.75 D at baseline; and a race/ethnicity
mix based on 2019 population values for the United States
of 5.5% Asian, 14.2% Black, 26.8% Hispanic, 0.8% Native
American, and 52.7% White (https://www.childstats.gov/
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TABLE 4. First Year Progression as a Function of Age at Myopia-Onset Visit
Comparison

Estimate With 95% CI
−0.58
−0.51
−0.44
−0.37
−0.30
−0.23
−0.16
0.07

First Year Progression for 7-year onset (D)
First Year Progression for 8-year onset (D)
First Year Progression for 9-year onset (D)
First Year Progression for 10-year onset (D)
First Year Progression for 11-year onset (D)
First Year Progression for 12-year onset (D)
First Year Progression for 13-year onset (D)
Difference in first year progression for children who are a year apart in onset age (D)

(−0.69, −0.48)
(−0.60, −0.42)
(−0.51, −0.37)
(−0.43, −0.31)
(−0.36, −0.24)
(−0.30, −0.17)
(−0.24, −0.08)
(0.05, 0.09)

The estimates assume a baseline SPHEQ of −0.75 D and an equal proportion of males and females. The estimates also assume the
following mix of race/ethnicity: Asian American 5.5%, Black 14.2%, Hispanic 26.8%, Native American 0.8%, White 52.7%. CI, confidence
interval.

TABLE 5. Differences Between Racial/Ethnic Groups in Progression Over the First 3 Years After First Myopic Visit in the CLEERE Study
Estimate for Onset Estimate for onset
at 7 Years (in D) at 10 Years (in D)
With 95% CI
With 95% CI

Comparison
Three-year progression for an Asian American child
Three-year progression for a Black child
Three-year progression for a Hispanic child
Three-year progression for a Native American child
Three-year progression for a White child
Difference between 3-year progression for an Asian American
Difference between 3-year progression for an Asian American
Difference between 3-year progression for an Asian American
Difference between 3-year progression for an Asian American

child
child
child
child

and
and
and
and

a
a
a
a

−1.93
−1.05
−1.46
−1.45
−1.74
Black child
−0.88
Hispanic child
−0.46
Native American child −0.48
White child
−0.19

(−2.18, −1.67)−1.43
(−1.34, −0.76)−0.56
(−1.71, −1.22)−0.97
(−1.80, −1.10)−0.96
(−2.01, −1.48)−1.25
(−1.13, −0.63)−0.88
(−0.67, −0.26)−0.46
(−0.78, −0.18)−0.48
(−0.42, 0.04) −0.19

(−1.63, −1.24)
(−0.77, −0.34)
(−1.13, −0.81)
(−1.22, −0.69)
(−1.43, −1.06)
(−1.13, −0.63)
(−0.67, −0.26)
(−0.78, −0.18)
(−0.42, 0.04)

The estimates presume an age at myopia-onset visit of either 7 or 10 years and a baseline SPHEQ of −0.75 D. The estimates also presume
an equal proportion of male and female sex. CI, confidence interval.

americaschildren/tables/pop3.asp). Annual myopia progression slowed with increasing age across all ages of onset;
however, the annual progression rate for a given age, sex,
and race/ethnicity was independent of the age of onset. In
other words, the rate of progression between age 11 and
12 years was essentially the same regardless of whether the
age of onset was 7 or 11 years. Annual progression rates
for a given age, sex, and race/ethnicity were always within
±0.065 D of this parallel pattern for progression.
The average myopic progression (95% confidence interval) in the first year following onset is shown by age of
myopia onset in Table 4. If age at the myopia-onset visit
is 7 years, the average progression over the next year is
−0.58 D. For each increasing year of onset age, progression decreases by 0.07 D. Table 5 shows 3-year progression
estimates for the different racial/ethnic groups based on the

age of the myopia-onset visit being 7 or 10 years. The 3-year
progression estimates differed significantly among the Asian
American and Black, Native American, and Hispanic groups.
The differences in progression do not differ with respect to
the age the myopia-onset visit, that is, regardless of whether
onset occurred at age 7 or 10 years, the difference in progression between racial/ethnic groups was the same.
As an evaluation of how the multivariate model performs,
the model was used to predict the SPHEQ progression of
children whose data were not used to fit the model (a test
set) because they were myopic at study entry. The evaluation data are presented in Table 6 as the mean prediction

TABLE 6. Mean Prediction Error for a Set of Myopic Subjects Without an Observed Myopia Onset Visit Who Were Not Included in the
Development of the Main Model
Time Relative to the First
Visit (yr)

Mean ± SD (n) in Subjects
for Whom Onset was Not
Observed

1
2
3
4
5
6

−0.10
−0.20
−0.23
−0.16
−0.16
−0.17

±
±
±
±
±
±

0.47
0.72
0.89
1.15
1.30
1.45

(442)
(359)
(236)
(167)
(123)
(82)

Prediction error is the difference of the predicted SPHEQ minus
the observed SPHEQ.
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FIGURE 2. Prediction error estimates based on data not contributing
to the development of the model.
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error, with prediction error defined as the SPHEQ predicted
by the model minus the observed SPHEQ. The mean prediction error for those subjects in whom we did not observe the
myopia onset was between −0.10 and −0.23 D with each
year seen. Standard deviations increased with time, reaching ±1.45 D in the children for whom we did not observe
myopia onset. The distribution of prediction errors depicted
in Figure 2 widen with time.

DISCUSSION
Although several of the factors that can specifically be used
to predict those children whose myopia is most likely to
progress have been considered previously, no study to date
has had the diverse sample and longitudinal data to evaluate multiple groups at one time. This analysis confirmed and
quantified the amount that myopia progression differed by
sex, age at first myopic visit, and race/ethnicity. For Asian
Americans, 3-year progression differed significantly from 3year progression for Blacks, Native Americans, and Hispanics. Beyond confirmation of the influence of these risk
factors, we also found that the number of myopic parents,
time reading, or time in outdoor/sports activities did not
influence the rate of progression after multivariate adjustment.
It is somewhat difficult to compare our results with other
studies because we identified the incident myopes and then
presented myopia progression information as a function of
time from the myopia-onset visit. Most studies use prevalent myopes to present progression data as a function of
age and have little or no reliable information about the age
at the myopia-onset visit. Comparisons of progression rates
at a particular age are not direct comparisons because the
age at the myopia-onset visit may not be the same across the
ages at study entry. In an attempt to evaluate this question
in our sample, we compared progression rates for children
at different ages as a function of their age at their myopiaonset visit. The model progression rates for a given age, sex,
and race/ethnicity did not vary by age at the myopia-onset
visit by a clinically meaningful amount (within ±0.065 D).
The impact of age of myopia onset on the eventual amount
of myopia comes from an earlier onset leading to a longer
window for myopia progression. These results are similar to
those reported previously by Chua et al.28 who presented
data evaluating risk of high myopia (more myopia than
−5.00 D). Although younger age of onset led to a more
myopic SPHEQ at age 11 years, the slope of the progression curves from the various ages of onset were essentially
parallel at each age.28 These results are consistent with those
in Figure 1 in which progression is faster at younger ages.
The eventual amount of myopia is greater if the myopiaonset visit occurred at a younger age, but the rate of progression at a particular age is largely independent of this age
of myopia onset. This pattern supports the use of the final
multivariate model in Table 3, even if myopia onset is not
directly observed. The SPHEQ at the first visit would be
substituted for SPHEQ at myopia onset, and the child’s age
would be substituted for age of onset. As shown in Table 6
and Figure 2, the model predicts the average rate of myopia
progression within 0.25 D in children in which age of onset
is unknown, although the variability in the predicted amount
of myopia increases with years of progression.
Few studies provide information regarding the details of
myopia progression by subgroups of their sample. A recent
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meta-analysis reported on myopia progression rates among
Asian and European (includes 20% Black and Asian ancestry) urban children who wore single-vision spectacles.29 The
summary estimate for 1-year myopia progression among
European children was −0.55 D, whereas the summary estimate for those of Asian background was −0.82 D. The metaanalysis also found that the Asian children progressed faster
than the European children over 3 years, with the difference in progression between the groups increasing with
each year, that is, after 1 year the difference between the
2 groups was −0.31 D, after 2 years the difference was
−0.49 D, and after 3 years the difference was −0.58 D.29
Our 3-year difference between Asian American and White
children was −0.19 D. Although the reason for the different
effects of European and Asian ancestry between studies is
difficult to identify, one possibility is the different environments. All children in CLEERE resided in the United States
and attended mostly suburban schools as opposed to the
meta-analysis in which some of the children lived in Asia
and all resided in cities. Near work and time outdoors did
not affect the myopia progression rate in CLEERE, a finding
that might not hold in other samples.
The COMET data provide a comparison for 3-year
progression among American children because the two studies include the same ethnic groups (with the exception of
the Native American children, who were not represented in
COMET).16 Using the 3-year progression rates unadjusted for
age of onset, COMET Asian Americans progressed −1.71 D,
whereas CLEERE Asian Americans progressed −1.83 D.
Progression in Hispanics was −1.27 D in COMET children
versus −1.30 D in CLEERE children, whereas White children
progressed −1.48 D and −1.46 D in COMET and CLEERE,
respectively. Black children in COMET progressed −1.28 D
compared with −0.85 D in CLEERE children. The progression rates are remarkably consistent between COMET and
CLEERE, making the reason for the difference in Black children difficult to pinpoint.
Among studies in Asia with 3-year data presented from
7 years of age; the estimates of myopia progression rate
were higher than those from Asian American subjects in our
CLEERE Study (−1.93 D). In the Chua et al.28 study, 3-year
progression from 7 to 10 years was −2.52 D, and Saw et al.18
reported a −2.02 D progression over the same time, an estimate that is included in the current study 95% confidence
interval (Table 5). Some of the difference may be because
of geographic location or outdoor exposure prior to myopia
onset, consistent with similar discrepancies reported by Rose
et al.30 between Chinese children of Australian and Singaporean descent.
Studies with a single-vision lens wearer group can
provide a comparison group to identify risk factors for
myopia progression. Younger age was significantly associated with faster myopia progression in a number of studies,
with the younger children (generally younger than 10 years)
progressing −0.20 D/yr to −0.70 D/yr faster than older
children.9,11,13,16,18,31 In one Singaporean study, progression
decreased with age, with an average myopia progression
per year of −0.85 D for 7-year-olds, −0.66 D for 8-yearolds, −0.51 D for 9-year-olds, −0.32 D for 10-year-olds, and
−0.20 D for 11-year-olds.7 Another Singaporean study that
investigated myopia progression over 3 years in children
aged 7 to 9 years at study entry found myopia progression of −0.80 D/yr for 7-year-olds and −0.57 D/yr for
9-year-olds.18

Myopia Progression
Yang et al.13 found −0.20 D faster progression among
female subjects. Myopia progression was −0.16 D faster
among females than males in the COMET Study regardless of
treatment group,16 and the Singapore Cohort Study for Risk
Factors of Myopia (SCORM) found a similar difference.18 Saw
et al.7 found a similar myopia progression between Singaporean males and females (−0.59 D/yr vs. −0.60 D/yr). Our
data indicate that females had a faster rate of annual progression compared with males, by an average of 0.093 D. This
small female-male difference in progression is therefore a
common finding.
Interestingly, the number of myopic parents or the
amount of time spent in outdoor/sports activity did not
significantly improve the ability of the multivariate model to
predict myopia progression. The absence of a relationship
between time spent in outdoor/sports activity and myopic
progression was one we have previously reported from the
CLEERE Study data.32 Other cohort analyses have found similar results using a similar outcome of progression of cycloplegic SPHEQ among those who are myopic,7,33,34 however,
a few studies have found an association with time outdoors.
Saxena et al.35 reported a protective odds ratio for more than
14 hours a week of outdoor activity, which represented a
very small proportion of total participants. There was also
no information about progression by activity, making this
study’s results difficult to apply.35 Pärssinen et al.36 presented
the results of their 23-year follow-up on 240 participants that
showed a statistically significant interaction between followup visits (based on overlapping age categories) and time
outdoors. There are no progression values, but from their
Figure 3 the effect appears quite small, reaching a difference of perhaps a third of a diopter between the high and
low activity groups in the age range of 25 to 39 years. Wu et
al.37 failed to find an effect of their outdoor recess treatment
in the randomized controlled trial from 2013, whereas their
small group of existing myopes (n = 71) showed a significant effect in their 2018 trial.38 Presently, the preponderance
of data are consistent with the meta-analysis conducted by
Xiong et al.39 indicating a lack of effect of time outdoors on
myopia progression. CLEERE was one of the first longitudinal studies to report the protective effect of time outdoors
on the risk of myopia onset.40 Others in various parts of
the world have confirmed the same effect.37,41–43 One could
postulate that perhaps there are different mechanisms that
distinguish the onset of myopia from the progression of
myopia, but this requires more study.32,44
A related issue to time outdoors is seasonal variation
in progression. Donovan et al.45 reported on two groups
of subjects from two Chinese trials who were assessed
for either winter/summer progression or spring/autumn
progression. They found one group of subjects experienced a progression rate higher in the winter/summer
6 months that the second group experienced in the
spring/autumn. The study lacked accompanying activity
information. COMET also discussed seasonal variation and
showed lower progression in the summer months, based
on 6-month cycles of noncycloplegic autorefraction.46 They
attributed this to no school and more time outdoors during
the summer. Similarly, Cui et al.47 found a correlation
between myopic progression and day length averaged over
the 6 months prior to the visit. They did not have corresponding activity data but indicated that they found it
unlikely to be due to variations in schoolwork because in
Denmark school vacations are interspersed throughout the
year. If it is not time in school, the hours of daylight or
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the spectral composition of light might be an alternative
explanation as to why progression lags in the summer. Not
only have daily fluctuations in the composition of light been
found, but seasonal variations exists whereby the absolute
and relative contribution of blue wavelengths increase in the
summer.48
Having myopic parents was also not related to the rate of
myopia progression. This is a different result than reported
by Kurtz et al.17 from COMET and Saw et al.,7 who both
found an increasing progression rate with a greater number
of myopic parents. One reason for the discrepancy might
be enrollment bias because of different sources of subjects.
Both the COMET and Saw et al.7 samples were myopic children recruited for a clinical trial. CLEERE sought children
from schools for observation only. The majority of CLEERE
subjects were nonmyopic at study entry; neither parents nor
investigators had any prior knowledge of future myopia or, if
myopic, the future progression rate. A child with two myopic
parents and rapid myopia progression may have a higher
probability of enrolling in a clinical trial than for an observational study begun at the time that the child was nonmyopic. CLEERE results suggest that having a family history of
myopia may have more influence on whether one becomes
myopic than it does on the rate of progression once myopia
occurs.32,40
Education is an often discussed risk factor for myopia,
including the ecologic analyses looking at world ranking of
countries by various metrics of achievement.44 What is not
clear is what “education” represents, being an amorphous
construct of multiple components. Attempts to quantify the
relation between near work activities and myopia progression have been equivocal. Several studies have not found an
association between measures of time spent in near work
and progression,7,32,33,37,38 whereas others have.35,38 Education encompasses many visual factors, including but not
limited to focusing distance,49 text concentration,50 amount
of time spent doing an activity or taking breaks from doing
an activity,49 and the level and quality of lighting.51–54 All
these have been cited as the source of the education effect,
resulting in the “education effect” being a broadly defined
classification, at best.
The CLEERE Study benefits from a large sample size as
well as representation from multiple racial/ethnic groups.
The study is limited by the restricted range of ages between
7 and 14 years. Follow-up was not long enough to observe
either progression in the late teens or early adulthood or
the cessation of progression. The CLEERE Study represents
a sample of volunteer subjects in which sites preferentially recruited certain racial/ethnic groups, that is, it is not
a population-based study. Differences between sites other
than ethnicity, such as light exposure, socioeconomic status,
suburban versus rural settings, and the many unknowns
that may underlie differences in “education” are factors that
could have an impact as well. Despite these limitations,
other studies’ data support the generalizability of CLEERE
Study results. The Sydney Myopia Study has published
cross-sectional results similar to CLEERE with respect to the
association between less time outdoors among myopic children and the lack of correlation between hours of reading and hours of outdoor/sports activity, and of reading in
general.55–58 Another limitation was the change in autorefractors that took place in the CLEERE Study in 2001. This
change should have little effect on the model or these results,
however, as data from each instrument are represented
across ages. The average difference across CLEERE Study
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visits between autorefractor values before and after adjustment for the change in instrument was negligible at 0.01
± 0.10 D.59 An additional possible limitation with respect
to the classification of race/ethnicity lies in the categories
used by the National Institutes of Health in 1997, when
data collection began. Categories used at that time grouped
together race/ethnic groups that may not be appropriately
combined for myopia research, for example, different Asian
heritages. This may result in an underreporting of progression for certain groups. Additionally, the predictive ability of the model decreased as time from increased, as is
apparent in the increase in error variability documented in
Table 6.

CONCLUSIONS
We found that Asian American children exhibited faster
myopic progression than Black, Hispanic, and Native American children, and that myopic progression was faster at
younger ages and among girls across all racial/ethnic groups.
These predictions may be useful in sample size planning for
clinical trials of treatments designed to slow the progression
of myopia given a particular sample composition. It may also
help identify those myopic children who would most benefit
from treatments that slow the progression of myopia.
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