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PURPOSE. The purpose of this study was to characterize the differences in myopic progres-
sion in children by race/ethnicity and age.

METHODS. Patients enrolled in Kaiser Permanente Southern California between 2011 and
2016 and between the ages of 4 and 11 years old with a documented refraction between
−6 and −1 diopters (Ds) were included in this retrospective cohort study. Patients with
a history of amblyopia, strabismus, retinopathy of prematurity, or prior ocular surgery
were excluded from analyses. Patients’ race/ethnicity and language information were
used to create the following groups for analysis: white, Black, Hispanic, South Asian,
East/Southeast Asian, Other Asian, and other/unknown. A growth curve analysis using
linear mixed-effects modeling was used to trace longitudinal progression of spheri-
cal equivalents over time, modeled by race/ethnicity. Analyses adjusted for potential
confounders, including body mass index (BMI), screen time, and physical activity.

RESULTS. There were 11,595 patients who met the inclusion criteria. Patients were 53%
girls, 55% Latino, 15% white, 9% black, 9% East/Southeast Asian, and 2% South Asian.
Mean age (standard deviation [SD]) at the time of initial refraction was 8.9 years
(1.6 years). Patients had an average (SD) of 3.4 (1.5) refractions, including the base-
line measurement, during the study period. A three-way interaction model that assessed
the effects of age at baseline, time since baseline, and race/ethnicity found that children
of East/Southeast Asian descent showed significantly faster myopia progression across
time (P < 0.001). East/Southeast Asian patients who presented with myopia between 6 to
< 8 years progressed similarly to white patients in the same age group and significantly
faster compared with white patients in other age groups.

CONCLUSIONS.Myopia progression differed significantly between East/Southeast Asian and
white patients depending on the patients’ age.
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Myopia is increasingly appreciated as a major global
public health concern. Although myopia has long been

established as a common cause of vision impairment,1,2

myopia’s growing prevalence, especially in East Asia, neces-
sitates greater exploration into the risk factors for myopia
onset and progression. Approximately one-third of Ameri-
can and European adults are myopic, whereas the preva-
lence of myopia in many East Asian countries now reaches
80–90%.3–7 It is estimated that approximately 49.8% of the
global population will have myopia by 2050 and 9.8% will
have high myopia of -5.0 D or less.2

The concerns around myopia extend beyond the need for
corrective lenses. Being myopic increases the patients’ risk
of irreversible vision loss from multiple secondary seque-
lae, including retinal detachments, maculopathy, choroidal
neovascular membranes, and optic neuropathy.8 Patients
with high myopia (≤-10.0 D) experience diminished quality
of life comparable to those with keratoconus.9 Visual impair-

ment from uncorrected myopia is estimated to result in a
global potential productivity loss of US $244 billion dollars,
with the Southern and Eastern parts of Asia taking on the
greatest burden.10

The risk factors for myopia progression are multifacto-
rial and incompletely understood. The risk factors driving
myopia incidence in children are of particular importance as
the incidence of childhood onset of myopia has increased.11

Myopia that begins earlier in childhood has been shown
to progress faster than adult-onset myopia.12,13 Pärssinen et
al. examined the risk factors for pediatric myopic progres-
sion into adulthood and found that higher myopia in adults
was associated with less time spent on sports and outdoor
activities during childhood and higher parental myopia.14

Hu et al. found that older age, female sex, and lower initial
refractive error were associated with faster myopia progres-
sion in Chinese patients.15 Donovan et al.’s meta-analysis of
children wearing single-vision spectacles found that myopia
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progression rates were higher in urban Asians compared
to urban Europeans with younger children and girls having
greater annual rates of progression.16

Considerable research has examined interventions to
slow myopia progression and a one-size-fits-all approach
may not be appropriate. However, most studies on myopia
follow ethnically homogenous cohorts, which limit the
generalizability of results. Although racial differences in
myopic progression have been examined previously, the
exact role that race plays in the development and
progression of myopia remains incompletely understood.
Some studies have compared the prevalence of myopia
across different geographic regions to assess racial differ-
ences. However, this approach generates questions around
confounding variables as the diversity of countries and
cultures bring about differences in risk factors other than
race. In addition, as myopia often develops at younger ages,
studying children will identify which groups are at greatest
risk for progression.

The purpose of the current study is to compare progres-
sion data between races from a large real-world popula-
tion. The value of using real-world population data is that
the information comes from the same source population
to minimize selection bias and confounding. This study
is a retrospective cohort study that includes over 36,000
refractions from over 11,000 children with myopia. Infor-
mation from this study may help in designing racially and
culturally specific interventions and in planning clinical
trials.

METHODS

We conducted a retrospective cohort study of pediatric
patients enrolled in Kaiser Permanente Southern Califor-
nia (KPSC), an integrated health care organization whose
patient population is reflective of the socioeconomic and
racial diversity of Southern California.17 KPSC’s electronic
health records (EHRs) from 2011 to 2016 were used to iden-
tify study-eligible patients.

We focused on children with early onset myopia who
were between 4 and 11 years old when they had a
refraction measurement between -6 to -1 diopters (Ds).
The first measurement where the refractive error was ≤-
1 D defined the baseline measurement and all follow-up
measurements were included in the analysis. Patients also
must have at least one follow-up refraction ≥21 months
after the baseline measurement and before the end of
2017. Patients with amblyopia, strabismus, or retinopathy of
prematurity were identified through International Classifica-
tion of Diseases (ICD) codes and excluded from the sample.
Patients with strabismus or cataract surgery were identi-
fied by Current Procedural Terminology (CPT) codes prior
to their first qualifying refraction measurement and were
also excluded. Furthermore, patients whose medical records
lacked information on gender were excluded from analysis
(n = 18).

Patient information on race, ethnicity, and language pref-
erences were abstracted from the KPSC EHR. Patients were
surveyed on this information upon enrollment within KPSC
and additional details could be added at any time during
their care. For children under the age of 12 years old,
parents were asked for this information. Patients older
than 12 years old were asked to self-report this informa-
tion. Patients born at KSPC had their maternal race and

ethnicity used for identification purposes unless otherwise
specified. For race, patients could identify as American
Indian or Alaska Native, Asian, Black or African Ameri-
can, Hispanic or Latino, Native Hawaiian or Pacific Islander,
white, decline to state, other, or unknown. For ethnicity,
patients could select from a list of over 250 groups or select
“Decline to State,” “Other,” or “Unknown.” For our study,
race/ethnicity categories were collapsed to white, Black,
Hispanic, South Asian, East/Southeast Asian, other Asian,
and other/unknown. Patients were classified as South Asian
if the patient self-identified, or—in the case of children under
the age of 12 years—were identified by their parent(s), as
Afghan, Asian Indian, Bangladeshi, East Indian, Nepalese,
Pakistani, or Sri Lankan, or indicated that their written
or spoken language was Bengali, Gujarati, Hindi, Malay-
alam, Panjabi, Pashto, Punjabi, Sinhalese, Urdu, or Urdu
Pakistan. Although other languages are spoken in South
Asia, the aforementioned languages were the only ones
that patients within this cohort identified as using. Patients
were classified as East/Southeast Asian if they were identi-
fied as a racial/ethnic group related to or had a primary,
spoken, or written language pertaining to East/Southeast
Asia. The East/Southeast Asian group included the follow-
ing racial/ethnic groups: Asian/Pacific Islander, Cambodian,
Chinese, Filipino, Indonesian, Japanese, Kinh/Viet, Korean,
Laotian, Malaysian, Tagalog, Taiwanese, Thai, and Viet-
namese. Languages classifying a patient as East/Southeast
Asian were the following: Burmese, Chinese, Dzongkha,
Hakka, Japanese, Khmer, Korean, Laotian, Mandarin, Philip-
pine, Tagalog, Thai, Toishanese, and Vietnamese. Patients
who were identified as Asian race but were missing more
specific race-ethnicity information, specified their language
as English only, spoke languages not typically associated
with South Asian or East/Southeast Asian regions, or lacked
information to further classify the Asian group were catego-
rized as other Asian.

Cycloplegic, manifest, final, and wearing refractions were
included for analysis. If a patient had more than one refrac-
tion on the same day, the measurement was selected in
the same order of priority. The eye with the more negative
refractive error at baseline was chosen for analysis. Measure-
ment or recording errors were possible and patients with
a biologically implausible average yearly refraction change
(calculated using the baseline and final measurements of
refractive errors) of ≥ 10 D were excluded from analyses.

Covariates of interest included age, sex, race/ethnicity,
body mass index (BMI), year of first examination, screen
time, physical activity, and outdoor time. Age at base-
line was defined as the patient’s age at the time of the
first refraction measurement. BMI was calculated using
height and weight measurements closest to the date
of the initial refraction. Screen time, physical activity,
and outdoor time were abstracted from the EHR. At
well-child visits, patients were asked whether they had
< 2 hours of screen time per day, > 1 hour of physical
activity per day, and > 2 hours of outdoor time per day.
Responses from the visit closest to baseline were abstracted
for analyses. Data on outdoor time were only available
in 2017.

A growth curve analysis using linear mixed-effects
models was used to trace longitudinal progression of spher-
ical equivalents (SEs) over time by age at baseline. As this
longitudinal model relies on person-time, this model traces
an average trend across observations among patients of the
same age or the same time since onset, rather than trac-
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FIGURE 1. Flow chart of patient eligibility.

ing each individual’s trajectory and then averaging those
trajectories.

Analyses adjusted for potential confounders or prox-
ies of confounders including BMI z-score percentiles
(< 5%, 5–< 85%, 85–< 95%, and 95–100%), screen time
(< 2 vs. ≥ 2 hours per day), and physical activity (≥ 1 vs. <
1 hour per day). We used a conditional growth model with
refractive error as the outcome to estimate the fixed and
random effects of time since baseline measure. These time
effects allowed us to trace the trend of myopia progression
by age at baseline and across time, conditional on poten-
tial confounders. The intrapatient correlation was speci-
fied as an autocorrelation structure of order 1. To under-
stand whether the growth trajectory varied with different
baseline ages and race/ethnicities, we included a three-way
interaction between the time of refractive error measure-
ment, age at baseline measurement, and race/ethnicity.
The post hoc tests of pairwise comparisons of the esti-
mated growth trends between race/ethnicity groups were
performed using Tukey’s method.18 Patients missing data on
screen time, physical activity, or outdoor time were catego-
rized as unknown for these variables and were included in
analyses. Analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA) and R (R version 3.4.3).

Institutional Review Board (IRB) approval was obtained.
This research also adhered to the tenets of the Declaration
of Helsinki.

RESULTS

A total of 11,595 patients met inclusion criteria (Fig. 1) and
contributed 39,690 measurements for analyses. The cohort
consisted of 6327 (55%) patients of Latino race/ethnicity and
6122 (53%) girls (Table 1). The average age at baseline (stan-
dard deviation [SD]) was 8.9 years (1.6 years). Of these chil-
dren, 7% were between 4 and < 6 years of age, 21% were
between 6 and < 8 years, 41% were between 8 and < 10
years, and 31% were between 10 and < 12 years. The aver-
age length of follow-up (SD) was 3.1 years (0.9 years) with
a range of 1.8 to 5.9 years (Tables S1 & S3). Data on screen
time and physical activity were missing for 13% and 10%
patients, respectively. Among patients with available infor-
mation, 90% patients reported < 2 hours of screen time per

day and 94% patients had physical activity of ≥ 1 hour per
day.

Patients underwent an average of 3.4 (SD = 1.5) refrac-
tions, including the baseline measurement, during the study
period, and 75% patients had at least 3 measurements for
analyses (see Table 1). The average SE at baseline was
–2.0 (SD = 1.0) diopters (Ds) and varied between –2.2 and –
1.9 D across race/ethnicity groups (see Table 1). Of all refrac-
tive errors at baseline, 5.8% were cycloplegic, 84.9% were
final, 8.1% were manifest, and 1.1% were wearing (Table
S1). Of all refractive errors used in the analysis, includ-
ing baseline, 4.6% were cycloplegic, 85.7% were final, 5.1%
were manifest, and 4.7% were wearing (Table S1). Among
all 39,690 measurements, 26% of measurements were taken
when the patient was between 12 and 16.2 years of age.

Of the 11,595 patients in the cohort, 26 children were
missing information on BMI, leaving 11,569 children for the
growth model analyses. Table 2 model A shows results for
mixed-effects models controlling for potential confounders,
such as screen time and physical activity. Model A shows
that, on average, SE decreased by 0.37 D per year post-
baseline. Boys had a slightly higher SE by 0.02 D compared
to girls (P = 0.007). We did not find significant differences
by levels of screen time and physical activity. Compared
to younger patients between 4 and < 6 years of age,
older patients were found to have more severe myopia (see
Table 2, model A). Only children of Latino, East/Southeast
Asian, and other Asian race showed significant differ-
ences in their severity of myopia compared to white chil-
dren controlling for sex, age at baseline, and change
over time.

Table 2 model B shows all significant effects of a three-
way interaction model that assessed the effects of age at
baseline, time since baseline, and race/ethnicity. Only chil-
dren of East/Southeast Asian descent showed demonstrable
different growth trajectory across time (P = 0.001).

Figure 2A traces the change over time and suggested
that East/Southeast Asian children’s myopia progressed
faster than that of white children. Although the average
SE at the time of initial refraction is more negative for
white children than East/Southeast Asian children, crossover
occurs at 1-year follow-up when progression is higher
for East/Southeast Asian children compared to white chil-
dren. Figure 2B used age at diagnoses and time since
baseline to calculate myopia trajectories across age and by
age of onset among white and East/Southeast children. A
pairwise test of slopes (Table 3) showed that white chil-
dren appeared to progress independently of the age of
myopia onset. Conversely, East/Southeast Asian children had
different trajectories across age and trajectories that varied
significantly by age of onset, when compared to white
children (see Table 3, model B). Overall, East/Southeast
Asian children demonstrated a greater degree of progression
compared to their white counterparts (see Table 2). Further-
more, East and Southeast Asian children who presented with
myopia between 10 and < 12 years of age had significantly
different changes over time compared to children of the
same race who were diagnosed at younger ages (see Fig. 2,
Table 3).

DISCUSSION

The current study presents myopic progression data across
race and ethnicity within one population. The study does
show that race/ethnicity is a significant predictor for myopia
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TABLE 1. Descriptives of Sample by Race/Ethnicity

White Black Latino
South
Asian

East/
Southeast

Asian
Other
Asian

Other/
Unknown Total

Number of children 1691 996 6327 215 1025 843 498 11,595
Age at baseline examination, y
Mean (SD) 8.9 (1.6) 8.7 (1.7) 8.8 (1.6) 8.8 (1.7) 9.1 (1.4) 8.9 (1.5) 9.1 (1.5) 8.9 (1.6)

Age at baseline exam, N (%)
[4, 6) 98 (6) 95 (10) 454 (7) 19 (9) 40 (4) 32 (4) 17 (3) 755 (7)
[6, 8) 338 (20) 218 (22) 1358 (21) 41 (19) 188 (18) 203 (24) 105 (21) 2451 (21)
[8, 10) 716 (42) 401 (40) 2574 (41) 93 (43) 454 (44) 363 (43) 205 (41) 4806 (41)
[10, 12) 539 (32) 282 (28) 1941 (31) 62 (29) 343 (33) 245 (29) 171 (34) 3583 (31)

Gender, N (%)
Female 879 (52) 540 (54) 3400 (54) 119 (55) 501 (49) 412 (49) 271 (54) 6122 (53)
Male 812 (48) 456 (46) 2927 (46) 96 (45) 524 (51) 431 (51) 227 (46) 5473 (47)

BMI z-score
N 1683 994 6319 214 1023 841 495 11569
Missing 8 2 8 1 2 2 3 26
Mean (SD) 0.6 (0.3) 0.7 (0.3) 0.7 (0.3) 0.5 (0.3) 0.6 (0.3) 0.5 (0.3) 0.6 (0.3) 0.7 (0.3)

Screen time < 2 h / day, N (%)
Yes 1286 (76) 734 (74) 5077 (80) 178 (83) 767 (75) 653 (77) 378 (76) 9073 (78)
No 152 (9) 115 (12) 577 (9) 14 (7) 93 (9) 61 (7) 41 (8) 1053 (9)
Missing 253 (15) 147 (15) 673 (11) 23 (11) 165 (16) 129 (15) 79 (16) 1469 (13)

Physical play ≥ 1 h / day, N (%)
Yes 1424 (84) 854 (86) 5492 (87) 186 (87) 826 (81) 692 (82) 409 (82) 9883 (85)
No 62 (4) 29 (3) 333 (5) 11 (5) 70 (7) 47 (6) 28 (6) 580 (5)
Missing 205 (12) 113 (11) 502 (8) 18 (8) 129 (13) 104 (12) 61 (12) 1132 (10)

Number of measurements at baseline and during follow-up
Mean (SD) 3.6 (1.6) 3.1 (1.3) 3.3 (1.3) 3.8 (2.1) 3.6 (1.7) 3.7 (1.6) 3.6 (1.5) 3.4 (1.5)

Number of measurements at baseline and follow-up, N (%)
2 399 (23.6) 364 (36.6) 1642 (26.0) 45 (20.9) 214 (20.9) 163 (19.3) 119 (23.9) 2946 (25.4)
3 or More 1292 (76.4) 632 (63.5) 4685 (74.0) 170 (79.1) 811 (79.1) 680 (80.6) 379 (76.1) 8649 (74.6)

Refraction error
Mean (SD) −1.9 (1.0) −2.1 (1.0) −2.0 (1.0) −2.1 (1.0) −2.2 (1.1) −2.1 (1.0) −2.1 (1.1) −2.0 (1.0)

Average yearly change in refractive error from first to last measurement
Mean (SD) −0.4 (0.4) −0.3 (0.4) −0.3 (0.4) −0.5 (0.3) −0.5 (0.4) −0.5 (0.4) −0.4 (0.4) −0.4 (0.4)

Length of follow-up in y
Mean (SD) 3.2 (0.9) 3.1 (0.9) 3.1 (0.9) 3.2 (0.9) 3.2 (0.9) 3.3 (0.9) 3.1 (1) 3.1 (0.9)
Median (IQR) 3.1 (2.3, 3.9) 3 (2.3, 3.8) 3 (2.3, 3.8) 3.1 (2.4, 3.9) 3.1 (2.4, 4) 3.2 (2.4, 4) 3 (2.2, 3.9) 3.1 (2.3, 3.9)

BMI = body mass index; IQR = interquartile range; SD = standard deviation.

progression. Only East/Southeast Asian differed in terms of
their overall trajectory from white children by having steeper
declines in SE.White children tended to have similar degrees
of myopia progression across ages of < 10 years.

Myopia is a complex and multifactorial disease that
includes genetic and environmental factors. Increased
outdoor time, low-dose atropine, and orthokeratology had
been used with variable success to prevent the onset or
progression of myopia.19 Understanding which patients are
at risk for myopia progression and at what ages can help
focus attention on possible interventions to higher risk
patients. Hu et al.’s Chinese cohort (n = 495, mean age
5.12 years) found that 35.8% of children demonstrated
refractive stability over at least 2 years. Further, the authors
found that older age, female sex, and lower initial refrac-
tive error were associated with faster myopia progression.15

Donovan et al.’s meta-analysis of children wearing single-
vision spectacles found that myopia progression rates were
higher in urban Asians than urban European populations
with younger children and girls having greater annual rates
of progression.16 Our findings support Donovan’s finding
in a cohort that shares the same physical environment.

Consistent with the findings from Hu et al., we found that
myopia progression is instantaneous from the time of base-
line measure and continuous over time.

In our current study, information on screen time and
physical activity had high proportions of missing data, 13%
and 10%, respectively, and these proportions were larger
than the proportion of patients with > 2 hours of screen
time per day (9%) and patients with < 1 hour of physical
activity per day (5%). Additionally, the available data showed
little distinction between race-ethnicity groups and might be
subject to recall or response bias. Given the high propor-
tion of missing data and the lack of statistical significance of
screen time and physical activity in the univariate results, we
conducted a sensitivity analyses without these two variables.
We found that the effect and significances of regression coef-
ficients of time were consistent between the two models with
and without physical activity and screen time (Table S4). In
a prospective longitudinal study of 10,000 children between
5 and 15 years of age, Saxena et al. found that use of comput-
ers/video games and watching television had been found
to be significant risk factors for myopia progression within
1 year.20 Additionally, in a 2-year prospective cohort study
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TABLE 2. Results of Mixed Effect Models Predicting Refractive Error, Controlling for Potential Behavioral Confounders

Model A Model B

Beta
Coeffi-
cient

Standard
Error P Value

Beta
Coeffi-
cient

Standard
Error P Value

Intercept 0.56 0.03 <0.001 0.47 0.06 <0.001
Years from baseline −0.37 0.00 <0.001 −0.37 0.04 <0.001
Gender
Female Reference Reference

Male 0.02 0.01 0.007 0.02 0.01 0.005
Race/ethnicity
White Reference Reference

Black 0.02 0.02 0.306 0.01 0.08 0.915
Latino 0.03 0.01 0.026 −0.01 0.06 0.932
South Asian −0.04 0.03 0.262 0.04 0.14 0.800
East/Southeast Asian −0.04 0.02 0.039 0.34 0.10 0.001
Other Asian −0.09 0.02 <0.001 −0.09 0.11 0.421
Other/unknown 0.01 0.02 0.765 0.14 0.13 0.277

Screen time <2 h / day
No Reference Reference

Yes −0.01 0.01 0.448 −0.01 0.01 0.573
Missing 0.02 0.02 0.408 0.02 0.02 0.324

Physical activity ≥ 1 h / day
No Reference Reference

Yes 0.02 0.01 0.071 0.02 0.01 0.105
Missing 0.01 0.02 0.664 0.00 0.02 0.906

Refractive error at baseline 1.00 0.00 <0.001 1.00 0.00 <0.001
Age at baseline, y
[4, 6) Reference Reference

[6, 8) −0.23 0.02 <0.001 0.00 0.06 0.947
[8, 10) −0.26 0.02 <0.001 −0.12 0.06 0.049
[10, 12) −0.26 0.02 <0.001 −0.21 0.06 <0.001

BMI z-score percentile
[0, 5) Reference Reference

[5, 85) 0.01 0.02 0.761 0.01 0.02 0.766
[85, 95) 0.00 0.02 0.995 0.00 0.02 0.995
[95, 100) 0.02 0.02 0.410 0.02 0.02 0.418

Years from baseline*baseline age
Years from baseline*baseline age [4, 6) – – – Reference

Years from baseline*baseline age [6, 8) – – – −0.13 0.04 0.001
Years from baseline*baseline age [8, 10) – – – −0.04 0.04 0.257
Years from baseline*baseline age [10, 12) – – – 0.06 0.04 0.129

Trajectories by race/ethnicity
Years from baseline*White – – – Reference

Years from baseline*Black – – – 0.10 0.05 0.043
Years from baseline*Latino – – – 0.16 0.04 <0.001
Years from baseline*South Asian – – – −0.13 0.09 0.146
Years from baseline*East/Southeast Asian – – – −0.24 0.07 <0.001
Years from baseline*Other Asian – – – −0.12 0.07 0.106
Years from baseline*Other/unknown – – – 0.08 0.09 0.368

Baseline age [6, 8)*race/ethnicity
Baseline age [6, 8)*White – – – Reference

Baseline age [6, 8)*Black – – – −0.13 0.10 0.159
Baseline age [6, 8)*Latino – – – −0.07 0.07 0.339
Baseline age [6, 8)*South Asian – – – 0.07 0.17 0.673
Baseline age [6, 8)*East/Southeast Asian – – – −0.31 0.11 0.006
Baseline age [6, 8)*Other Asian – – – 0.05 0.12 0.655
Baseline age [6, 8)*Other/unknown – – – −0.02 0.15 0.901

Baseline age [8, 10)*race/ethnicity
Baseline age [8, 10)*White – – – Reference

Baseline age [8, 10)*Black – – – −0.13 0.09 0.133
Baseline age [8, 10)*Latino – – – −0.04 0.07 0.550
Baseline age [8, 10)*South Asian – – – −0.04 0.15 0.809
Baseline age [8, 10)*East/Southeast Asian – – – −0.31 0.11 0.003
Baseline age [8, 10)*Other Asian – – – 0.06 0.12 0.582
Baseline age [8, 10)*Other/unknown – – – −0.15 0.14 0.281
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TABLE 2. Continued

Model A Model B

Beta
Coeffi-
cient

Standard
Error P Value

Beta
Coeffi-
cient

Standard
Error P Value

Baseline age [10, 12)*race/ethnicity
Baseline age [10, 12)*White – – – Reference

Baseline age [10, 12)*Black – – – −0.07 0.09 0.435
Baseline age [10, 12)*Latino – – – −0.02 0.07 0.762
Baseline age [10, 12)*South Asian – – – 0.05 0.16 0.764
Baseline age [10, 12)*East/Southeast Asian – – – −0.33 0.11 0.002
Baseline age [10, 12)*Other Asian – – – 0.10 0.12 0.385
Baseline age [10, 12)*Other/unknown – – – −0.11 0.14 0.445

Years from baseline*baseline age [6, 8)*race/ethnicity
Years from baseline*baseline age [6, 8)*White – – – Reference

Years from baseline*baseline age [6, 8)*Black – – – 0.01 0.06 0.802
Years from baseline*baseline age [6, 8)*Latino – – – −0.05 0.04 0.304
Years from baseline*baseline age [6, 8)*South Asian – – – 0.00 0.10 0.978
Years from baseline*baseline age [6, 8)*East/Southeast Asian – – – 0.14 0.07 0.047
Years from baseline*baseline age [6, 8)*Other Asian – – – 0.02 0.08 0.756
Years from baseline*baseline age [6, 8)*Other/unknown
race/ethnicity

– – – −0.16 0.10 0.109

Years from baseline*baseline age [8, 10)*race/ethnicity
Years from baseline*baseline age [8, 10)*White – – – Reference

Years from baseline*baseline age [8, 10)*Black – – – 0.02 0.06 0.654
Years from baseline*baseline age [8, 10)*Latino – – – −0.10 0.04 0.016
Years from baseline*baseline age [8, 10)*South Asian – – – 0.09 0.10 0.326
Years from baseline*baseline age [8, 10)*East/Southeast Asian – – – 0.18 0.07 0.011
Years from baseline*baseline age [8, 10)*Other Asian – – – 0.06 0.07 0.434
Years from baseline*baseline age [8, 10)*Other/unknown
race/ethnicity

– – – −0.08 0.09 0.374

Years from baseline*baseline age [10, 12)*race/ethnicity
Years from baseline*baseline age [10, 12)*White – – – Reference

Years from baseline*baseline age [10, 12)*Black – – – −0.03 0.06 0.549
Years from baseline*baseline age [10, 12)*Latino – – – −0.14 0.04 0.001
Years from baseline*baseline age [10, 12)*South Asian – – – 0.03 0.10 0.730
Years from baseline*baseline age [10, 12)*East/Southeast Asian – – – 0.21 0.07 0.002
Years from baseline*baseline age [10, 12)*Other Asian – – – 0.06 0.08 0.408
Years from baseline*baseline age [10, 12)*Other/unknown
race/ethnicity

– – – −0.14 0.09 0.137

Model information Model A Model B

Model fit
AIC 79,746.56 79,169.20
BIC 79,961.23 79,770.28

Number of children in model 11,569 11,569
Number of observations 39,609 39,609

AIC = Akaike information criterion; BIC = Bayesian information criterion.
*An asterisk marks an interaction effect between variables.

of 156 medical students, Jacobsen et al. found a significant,
inverse association between physical activity and refractive
change toward myopia.21 Although our current study found
no association between screen time or physical activity and
myopia progression, future work can investigate screen time
using finer categories and physical activity in younger popu-
lations with the distinction between outdoor and indoor
physical activity.

Our study has some limitations. Although our sample is
larger than that of population-based cohort studies, such as
the Guangzhou Twin Eye Study (GTES; n = 1831),22 the
Generation R study (n = 3422),23 and the Avon Longitudi-
nal Study of Parents and Children (ALSPAC; n = 2833),24

and our results are similar to prior studies in many ways,
results may not be fully generalizable to other white or
East/Southeast Asian populations. As we were interested in
the trajectories of children who present with myopia earlier
in life, we did not recruit children older than 11 years into
this study, leaving fewer, yet numerically sufficient numbers
to estimate trends beyond ages 11 years. Another limitation
is the study’s real-world setting, where cycloplegic refrac-
tions were not performed routinely in patients with myopia
in this age group. The lack of cycloplegia results in over-
estimation of myopia in young children and, as a result,
the values presented herein may overestimate myopic error;
however, the purpose of this study was not to characterize
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TABLE 3. P Values of Pairwise Comparisons of Growth Trends Between East/Southeast Asian and White Patients Across Baseline Age Groups,
from Three-Way Interaction Model (Model B)

White East/Southeast Asian

[4, 6) [6, 8) [8, 10) [10, 12) [4, 6) [6, 8) [8, 10) [10, 12)

White [4, 6) 0.232 1.000 1.000 0.048* <0.001* 0.435 1.000
[6, 8) 0.064 <0.001* 0.972 0.274 1.000 <0.001*

[8, 10) <0.001* 0.087 <0.001* 0.181 0.427
[10, 12) <0.001* <0.001* <0.001* 1.000

East/Southeast Asian [4, 6) 1.000 0.878 0.001*

[6, 8) 0.040* <0.001*

[8, 10) <0.001*

[10, 12)

Model B shows testing modification effect of age at baseline examination and years from baseline on racial/ethnic differences in myopia
progression (3-way interaction between years from baseline, baseline age, and race/ethnicity; n = 11,569).

*Significant at P < 0.05.

FIGURE 2. Refractive error by years of follow-up, as estimated by
three-way interaction model, model B (n = 11,595). (A) Shows
change in refractive error over time. (B) Refractive error by age.
B uses results from model B on age, time since baseline, and age at
baseline to calculate trajectories for East/Southeast Asian Children
and white children by age at baseline.

absolute refractive error in children but instead to determine
the differences in myopic trajectories based on race. Given
cycloplegia was not the norm in children and there was
no differential application between race and ethnic groups,
we do not anticipate the lack of cycloplegia would affect

the differences in progression seen between races. We also
assumed that the progression was linear and we verified this
assumption by reviewing a spaghetti plot of the refractive
errors and performing a test for curvature, which was not
significant.

The strength of our study lies in the real-world analysis
of a large, racially and ethnically diverse cohort of 11,595
patients. Additionally, the use of an EHR-based dataset
allows us to longitudinally assess refractive errors in a large
cohort of patients, similar to the GTES and ALSPAC stud-
ies.22,24 With the size and diversity of our cohort, we were
able to analyze 39,690 refractive error measurements and
identify differences in myopia progression between major
race and ethnicity groups and groups within the Asian
category. Such analysis has been able to reveal differences
between groups that would have been masked with a smaller
or less diverse study population.

Our findings suggested that prevention efforts and clin-
ical trials should consider race. Attention on East and
Southeast Asian children should be considered as they
demonstrate higher progression of myopia than any other
race.
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