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Abstract

Purpose: To identify independent risk factors for myopia onset in schoolchildren, with a focus on

binocular visual function.

Methods: We conducted a school-based prospective cohort study in Wenzhou, China. Schoolchil-

dren in grades 2 and 3 were recruited in 2014 and followed until graduation at grade 6. Myopia

was defined as a spherical equivalent refraction (SER) of � -0.50 diopters. The risk factors

assessed included monocular uncorrected visual acuity (UCVA), axial length (AL), corneal refrac-

tive power (CR), demographic characteristics, daily activities, parental myopia, parental educa-

tion level, and routine clinical binocular visual function parameters such as phoria,

accommodation, and convergence-related metrics.

Results: Multivariable logistic regression analysis revealed that children with the following base-

line characteristics had a significantly increased risk (OR;95% CI) of developing myopia before
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graduation: female sex (3.03;1.99�4.62;P<.001), having two myopic parents (2.36;1.29�4.31;

P=.005), worse UCVA (19.99;2.24�178.44;P=.007), more negative SER values (0.15;0.07�0.31;

P<.001), longer AL (7.28;4.30�12.31;P<.001), larger CR (2.20;1.75�2.76;P<.001), and lower

magnitude of positive relative accommodation (PRA) (1.11;1.02�1.22;P=.02). Additional explor-

atory subgroup analyses indicated that the association between PRA and myopia incident

remained consistent across various demographic characteristics (P-interaction>0.05). Receiver

operating characteristic curves (AUC; 95% CI) demonstrated that PRA (0.59;0.55�0.63)

exhibited predictive capability comparable to key ocular biometric parameters such as AL

(0.57;0.53�0.62) and CR (0.58;0.53�0.62).

Conclusions: The current study identifies PRA as a stable, independent risk factor for myopia

onset, with predictive capability comparable to key ocular biometric parameters. This finding

can be utilized in future studies to enhance the accuracy of myopia prediction and assist in mak-

ing informed decisions regarding myopia interventions.

© 2025 The Authors. Published by Elsevier España, S.L.U. on behalf of Spanish General Council of

Optometry. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

In recent decades, there has been a significant global

increase in the severity of myopia among schoolchildren,

particularly in East and Southeast Asia, where the condition

has reached epidemic proportions.1�3 In China, the annual

incidence of myopia among schoolchildren has been

reported to range from 6.3 % to 31.7 %.4�11 Myopia and high

myopia can lead to permanent pathological changes and

result in both direct healthcare expenditures and indirect

costs such as lost productivity and reduced quality of

life.12�16 Therefore, a thorough investigation of risk factors

for myopia is crucial for developing effective interventions

in children, especially before the onset of myopia.

Several prospective cohort studies have evaluated

potential independent risk factors for myopia onset among

primary schoolchildren. These studies identified risk fac-

tors including age, sex, residential area, parental myopia,

daily activities, refractive error, and ocular biometric

parameters such as axial length (AL) and corneal refrac-

tive power.6�9,17�21 Routine clinical examinations typi-

cally include assessments of binocular vision to optimize

visual clarity and minimize asthenopia, which should be

managed if necessary. However, evidence regarding the

role of binocular vision in myopia development and pro-

gression remains limited.22 In 1988, Goss et al. conducted

a 3-year cohort study involving 87 emmetropic schoolchil-

dren aged 8.5 to 14.3 years in the USA.23�24 Based on uni-

variable analysis, they found that binocular visual

function parameters such as positive relative accommoda-

tion (PRA), accommodative convergence to accommoda-

tion (AC/A) ratio, near lateral heterophoria, and near

fusional vergence range might be informative for predict-

ing myopia onset. However, it remains unclear whether

these parameters remain significant after adjusting for

confounders. Our previous report indicated that PRA could

be a potential predictor of myopia onset over a relatively

short follow-up period of 2 years,25 but this observation

requires verification over a longer follow-up period. Such

information would be valuable for enhancing the accuracy

of myopia prediction in the future.

Thus, the aim of this study was to identify independent

risk factors for myopia onset, with a focus on exploring

various binocular visual function parameters, and to evalu-

ate their potential value in predicting the occurrence of

myopia.

Methods

Study design and population

The Wenzhou Medical University Essilor Progression and

Onset of Myopia (WEPrOM) study was a school-based pro-

spective cohort study conducted in Wenzhou, an eastern

city in China. The study was approved by the ethics commit-

tee of the Eye Hospital of Wenzhou Medical University (KYK

[2013]34) and adhered to the tenets of the Declaration of

Helsinki.

The study involved two elementary schools in Wenzhou,

one situated in the urban city center and the other in a rural

area. During the baseline visit in November 2014, all 1118 s-

and third-grade students were invited to participate, with

1103 (98.7 %) attending. We chose these two grades to focus

on the critical ages for myopia onset while maximizing

recruitment efficiency and follow-up rates. Of the 1103

screened children, 30 (2.7 %) were excluded due to reported

histories of ocular diseases affecting vision, such as strabis-

mus, amblyopia, or congenital glaucoma. Consequently,

1073 schoolchildren were enrolled in the study. Follow-up

visits were conducted annually until graduation at grade 6,

except for the last two visits, which were delayed by six

months due to a severe flu outbreak and the subsequent win-

ter vacation. Written informed consent was obtained from

the parents of all participants.

Measurements and outcomes

Trained investigators conducted comprehensive standard-

ized ocular examinations at both schools using equipment

calibrated at the start of each visit. Detailed descriptions of

the measurement methods and outcomes are provided in

the eMethods section of the Supplement. Specifically, we

measured monocular uncorrected visual acuity (UCVA) and

non-cycloplegic subjective refractive error for both eyes, as

well as AL and corneal refractive power (CR) in the right
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eye. Routine clinical binocular visual function parameters

were also assessed, including near lateral heterophoria,

AC/A ratio, negative relative accommodation (NRA), PRA,

and the base-in (BI) and base-out (BO) break points of hori-

zontal fusional convergence range at near. Prior to each ocu-

lar examination, questionnaires were distributed to parents

to collect data on demographic characteristics (age, gender,

school, and grade), daily activities (average time spent on

near work and outdoor activities per day), parental myopia

status (parental myopia, parental early-onset myopia

[<12 years old], and parental high myopia), and parental

educational attainment (both paternal and maternal).

Refractive errors were calculated as spherical equivalent

refraction (SER), defined as the sphere power plus half of

the cylindrical power. Myopia was defined as an SER � �0.50

diopters (D) and further classified into low myopia (�3.00

D < SER � �0.50 D), moderate myopia (�6.00 D < SER

� �3.00 D), and high myopia (SER � �6.00 D).7,26�27

Statistical analysis

The right eye was selected for data analysis due to the high

correlation in SER between the left and right eyes at each

visit (Pearson correlation coefficient > 0.85, P <.001 for all

visits; see eTable 1 in the Supplement). Paired t-tests and

McNemar tests were utilized for comparisons. To examine

factors associated with myopia onset before primary school

graduation, we conducted multivariable logistic regression

analysis on participants who did not have myopia at base-

line. Variables with P-values < 0.10 in the univariable analy-

sis were included as potential confounders. We also

adjusted for grade because follow-up durations differed

between baseline grade 2 and grade 3 participants. Addi-

tionally, exploratory subgroup analyses were performed for

significant parameters related to binocular visual func-

tions.28 To investigate possible modifications on the associa-

tion between these parameters and myopia onset, we

included demographic interaction terms in the logistic

regression model and presented the results in a forest plot.

P values for interaction were evaluated using interaction

terms and likelihood ratio tests. To assess the predictive

ability of factors associated with myopia onset before gradu-

ation, receiver operating characteristic (ROC) curves were

plotted, and area under the curve (AUC) values were calcu-

lated. Statistical analyses were conducted using Stata/MP

version 15.1 (Stata Corp LLC, TX, USA) and RStudio version

1.3 (The R Foundation for Statistical Computing, Vienna,

Austria). Two-sided P values < 0.05 were considered statisti-

cally significant.

Results

After excluding 207 schoolchildren who were lost to follow-

up due to reasons such as school transfer, absence from

examinations, or the use of orthokeratology lenses or atro-

pine, a total of 866 participants (mean [SD] baseline age:

7.8 [0.7] years; 400 [46.2 %] female) with complete refrac-

tion data were included in the analysis. The characteristics

of these 866 participants were compared between their

baseline and graduation visits (Table 1). Compared to the

baseline visit, significant increases were observed in age,

AL, AC/A ratio, and time spent on near work; moreover, SER

values became significantly more negative. However, at the

graduation visit, there were significant decreases in CR, the

magnitude of NRA and PRA, BI break point, BO break point,

and time spent outdoors.

Among the 714 participants without myopia at baseline,

444 (62.2 %) developed myopia before graduation. After

adjusting for confounders including baseline grade, children

with the following baseline characteristics had a greater risk

of myopia onset (Table 2): female sex (odds ratio [OR] =

3.03; P < .001), having two myopic parents (OR = 2.36;

P = .005; compared to no myopic parents), worse UCVA

(OR = 19.99; P = .007), more negative SER (OR = 0.15; P <

.001), longer AL (OR = 7.28; P < .001), larger CR (OR = 2.20;

P <.001), and lower magnitude of PRA (OR = 1.11; P = .02).

The correlation between baseline PRA and myopia onset

before graduation remained consistent across all demo-

graphic subgroups (P-interaction > 0.05 for all; Figure 1).

Consequently, the association between PRA and myopia

onset did not exhibit significant variability. The ROC curves

indicated that PRA had a moderate predictive capability for

myopia onset before graduation, with an AUC of 0.59 (95 %

CI: 0.55 to 0.63), which was less effective compared to SER

(AUC = 0.65; 95 % CI: 0.61 to 0.69) but comparable to AL

(AUC = 0.57; 95 % CI: 0.53 to 0.62) and CR (AUC = 0.58; 95 %

CI: 0.53 to 0.62; Figure 2).

Discussion

Our data revealed that myopia onset before elementary

school graduation was associated with sex, parental myopia,

UCVA, SER values, AL, CR, and notably, the magnitude of

PRA at baseline. The association between PRA and myopia

onset remained robust across various demographic charac-

teristics. Moreover, PRA demonstrated a predictive capabil-

ity comparable to key ocular biometric parameters such as

AL and CR.

Consistent with prior studies, we found that female

sex,7,17 having two myopic parents,8�9,17�18,21 more myopic

refractive error,6�7,9,19,21 longer AL,20�21 and larger corneal

refractive power21 at baseline were independently associ-

ated with myopia onset before primary school graduation. In

our study, the myopia incidence did not differ significantly

between rural and urban schools after multivariable adjust-

ment. This finding contrasts with the one-year result

reported in Taipei but aligns with the 4-year follow-up find-

ings in Beijing.9,29 Such consistency may be attributable to

urbanization driven by China’s rapid economic development.

Contrary to previous reports,17,19 age was not independently

associated with myopia onset in our study, potentially due to

the narrow age range of participants. Outdoor activities and

near work were significantly associated with myopia onset in

some studies,9,18,21 but not consistently across all studies.6,8

Notably, the lack of a significant association between out-

door activities and near work with myopia onset has been

predominantly observed in studies involving Chinese chil-

dren, consistent with our findings. This phenomenon may be

explained by the increased time spent on near work,

reduced outdoor exposure, and limited variability in envi-

ronmental factors resulting from intense academic competi-

tion among Chinese students.

3

Journal of Optometry 18 (2025) 100577



We identified that a lower magnitude of baseline PRA

served as an independent risk factor for myopia onset. Our

findings align with the 1996 study by Goss and colleagues,

which reported that individuals who developed myopia

exhibited a lower magnitude of PRA.23 This implies that a

diminished capacity to sustain accommodative effort under

prolonged binocular near-viewing conditions may be linked

to myopia onset, potentially mediated through hyperopic

Table 1 Characteristics of the Included Participants at Baseline and Graduation Visitsa.

Characteristicsb Baseline (n = 866) Graduation (n = 866) P Valuec

Age, y 7.8 (0.7) 11.8 (0.5) <0.001

Gender, No. ( %) NA

Male 466 (53.8) 466 (53.8)

Female 400 (46.2) 400 (46.2)

School, No. ( %) NA

Rural 219 (25.3) 219 (25.3)

Urban 647 (74.7) 647 (74.7)

Baseline grade, No. ( %) NA

2 436 (50.3) 436 (50.3)

3 430 (49.7) 430 (49.7)

No. of myopic parents, No. ( %) NA

0 315 (36.5) 315 (36.5)

1 343 (39.8) 343 (39.8)

2 204 (23.7) 204 (23.7)

Parental high myopia, No. ( %) NA

Neither 736 (85.5) 736 (85.5)

Either 125 (14.5) 125 (14.5)

Parental early-onset myopia, No. ( %) NA

Neither 786 (91.5) 786 (91.5)

Either 73 (8.5) 73 (8.5)

Paternal education, No. ( %) NA

High school or less 464 (53.9) 464 (53.9)

College or beyond 397 (46.1) 397 (46.1)

Maternal education, No. ( %) NA

High school or less 456 (52.9) 456 (52.9)

College or beyond 406 (47.1) 406 (47.1)

Uncorrected visual acuity, logMAR d 0.00 (0.20) —— NA

Spherical equivalent refraction, D �0.14 (0.75) �1.61 (1.75) <0.001

Axial length, mm 23.10 (0.78) 24.33 (1.01) <0.001

Corneal refractive power, D 43.17 (1.42) 43.11 (1.40) <0.001

Near lateral heterophoria, PD �3.36 (5.18) �3.58 (6.88) .39

AC/A ratio, PD/D 1.77 (2.71) 3.02 (2.63) <0.001

Negative relative accommodation, D 2.73 (0.78) 2.26 (0.62) <0.001

Positive relative accommodation, D �3.66 (2.00) �2.71 (1.38) <0.001

Base-in break point, PD 22.55 (6.03) 20.35 (5.86) <0.001

Base-out break point, PD 25.75 (6.87) 22.91 (7.30) <0.001

Time spent on near work, h/d e 2.4 (2.3) f 4.9 (2.7) f
<0.001

Time spent outdoors, h/d e 2.2 (1.9) f 1.4 (1.0) f
<0.001

Prevalence rate of myopia,

No./total No. ( %) [95 % CI]

152/866 (17.6) [15.0 to 20.1] 596/866 (68.8) [65.7 to 71.9] <0.001

Prevalence rate of high myopia,

No./total No. ( %) [95 % CI]

0/866 (0.0) [0.0 to 0.0] 16/866 (1.8) [1.0 to 2.7] <0.001

Abbreviations: y, age in years; NA, not applicable; logMAR, logarithm of the minimum angle of resolution; D, diopter; PD, prism diopter;

AC/A, accommodative convergence to accommodation; PD/D, prism diopter per diopter; h/d, hours per day; CI, confidence interval.
a Data involved in the baseline visit were obtained in 2014 when children were in grade 2 or grade 3. Data from the graduation visit were

collected in 2018 and 2019 successively when children were all in grade 6.
b Data are presented as mean (standard deviation) unless otherwise indicated.
c Statistical analyses were determined by paired t-test or McNemar test.
d Uncorrected visual acuity was not evaluated among some myopic participants during follow-up visits; therefore, only baseline data are

presented to avoid bias from non-random missing data.
e Daily activities were assessed differently in the final visit in 2019 by obtaining details such as daily mobile phone usage time during

weekdays.
f All characteristics had a low rate (<7.0 %) of missing data, except for time spent on near work (32.8 % at baseline; 49.4 % at graduation)

and time spent outdoors (23.0 % at baseline; 49.5 % at graduation).
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retinal defocus.30�31 Notably, subgroup analyses revealed a

consistent association between reduced PRA and myopia

onset across various demographic and familial factors,

including age, gender, school, grade, parental myopia sta-

tus, and parental educational attainment. These results

underscore the stability of PRA as a risk factor for myopia

onset and highlight its importance in myopia prediction

models and future investigative efforts.

As one of the pioneering studies investigating the inde-

pendent association between binocular visual functions and

myopia, our study possesses several unique strengths,

including a large sample size, a relatively long follow-up

period, and a high follow-up rate (4.5-year follow-up rate of

80.7 %). Nevertheless, this study also has certain limitations

that warrant consideration. First, refraction measurements

were conducted without cycloplegia, which might lead to an

overestimation of myopic refractive error. However, we

employed subjective refraction, utilizing a working lens of

+2.00 D following retinoscopy performed by an experienced

ophthalmologist. Compared with non-cycloplegic autore-

fraction, this method minimizes the impact of accommoda-

tion while maintaining operational efficiency and enhancing

examination compliance. Furthermore, it facilitates the

assessment of binocular visual functions, demonstrating

practical value in large-scale epidemiological studies. Sec-

ond, some questionnaire data were incomplete (baseline

missing data: 32.8 % for near work; 23.0 % for outdoor activi-

ties). Considering the potential recall bias inherent in ques-

tionnaire-based assessments and discrepancies between

reports from parents and children,32 future studies should

incorporate objective and portable wearable devices to

improve data accuracy.33

Table 2 Multivariable Logistic Regression Analysis of Factors Associated with Myopia Onset before Graduationa.

Baseline Characteristicsb No Myopia

Onset (n = 270)

Myopia Onset

(n = 444)

Unadjusted Adjusted

OR (95 % CI) P Value OR (95 % CI) P Value

Age, y 7.8 (0.7) 7.7 (0.7) 0.80 (0.65 to 0.99) .04 1.01 (0.70 to 1.47) .95

Gender, No. ( %)

Male 154 (57.0) 217 (48.9) 1 [Reference] NA 1 [Reference] NA

Female 116 (43.0) 227 (51.1) 1.39 (1.02 to 1.88) .03 3.03 (1.99 to 4.62) <0.001

School, No. ( %)

Rural 80 (29.6) 101 (22.7) 1 [Reference] NA 1 [Reference] NA

Urban 190 (70.4) 343 (77.3) 1.43 (1.02 to 2.01) .04 0.86 (0.51 to 1.45) .57

Grade, No. ( %)

2 127 (47.0) 254 (57.2) 1 [Reference] NA 1 [Reference] NA

3 143 (53.0) 190 (42.8) 0.66 (0.49 to 0.90) .008 0.49 (0.28 to 0.86) .01

No. of myopic parents, No. ( %)

0 131 (48.9) 139 (31.4) 1 [Reference] NA 1 [Reference] NA

1 97 (36.2) 184 (41.5) 1.79 (1.27 to 2.52) .001 1.44 (0.91 to 2.28) .12

2 40 (14.9) 120 (27.1) 2.83 (1.84 to 4.35) <0.001 2.36 (1.29 to 4.31) .005

Parental high myopia, No. ( %)

Neither 245 (91.4) 372 (84.2) 1 [Reference] NA 1 [Reference] NA

Either 23 (8.6) 70 (15.8) 2.00 (1.22 to 3.30) .006 1.52 (0.82 to 2.82) .19

Parental early-onset myopia, No. ( %)

Neither 252 (94.4) 405 (91.8) 1 [Reference] NA —— ——

Either 15 (5.6) 36 (8.2) 1.49 (0.80 to 2.78) .21 —— ——

Paternal education, No. ( %)

High school or less 148 (55.2) 228 (51.6) 1 [Reference] NA —— ——

College or beyond 120 (44.8) 214 (48.4) 1.16 (0.85 to 1.57) .35 —— ——

Maternal education, No. ( %)

High school or less 153 (57.1) 220 (49.7) 1 [Reference] NA 1 [Reference] NA

College or beyond 115 (42.9) 223 (50.3) 1.35 (0.99 to 1.83) .06 1.02 (0.66 to 1.59) .91

Uncorrected visual acuity, logMAR -0.07 (0.10) -0.06 (0.09) 6.50 (1.21 to 34.84) .03 19.99 (2.24 to 178.44) .007

Spherical equivalent refraction, D 0.24 (0.53) 0.02 (0.22) 0.10 (0.05 to 0.19) <.001 0.15 (0.07 to 0.31) <.001

Axial length, mm 22.84 (0.71) 23.03 (0.67) 1.50 (1.20 to 1.88) <.001 7.28 (4.30 to 12.31) <.001

Corneal refractive power, D 42.90 (1.40) 43.30 (1.40) 1.19 (1.07 to 1.33) .002 2.20 (1.75 to 2.76) <.001

Near lateral heterophoria, PD -3.88 (4.97) -3.51 (5.21) 1.01 (0.99 to 1.05) .35 —— ——

AC/A ratio, PD/D 1.71 (2.88) 1.82 (2.60) 1.01 (0.96 to 1.07) .63 —— ——

Negative relative accommodation, D 2.68 (0.79) 2.70 (0.74) 1.03 (0.85 to 1.26) .74 —— ——

Positive relative accommodation, D -4.32 (2.33) -3.62 (1.83) 1.18 (1.10 to 1.28) <.001 1.11 (1.02 to 1.22) .02

Base-in break point, PD 22.81 (6.26) 22.16 (5.73) 0.98 (0.96 to 1.01) .16 —— ——

Base-out break point, PD 25.27 (6.86) 25.33 (6.49) 1.00 (0.98 to 1.03) .90 —— ——

Time spent on near work, h/d 2.4 (2.5) 2.4 (2.3) 1.01 (0.93 to 1.09) .90 —— ——

Time spent outdoors, h/d 2.1 (1.8) 2.3 (2.0) 1.06 (0.97 to 1.16) .22 —— ——

Abbreviations: OR, odds ratio; CI, confidence interval; y, age in years; NA, not applicable; logMAR, logarithm of the minimum angle of res-

olution; D, diopter; PD, prism diopter; AC/A, accommodative convergence to accommodation; PD/D, prism diopter per diopter; h/d,

hours per day.
a Multivariable logistic regression analysis was conducted among 714 participants without myopia at baseline, including variables with P

values < 0.10 in the univariable analysis and adjusting for grade.
b Data are presented as mean (standard deviation) unless otherwise indicated.
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Conclusions

In conclusion, this school-based 4.5-year cohort study con-

ducted in Wenzhou initially identifies PRA as a stable and

independent risk factor for myopia onset prior to elementary

school graduation, with predictive capability comparable to

key ocular biometric parameters. This finding can inform

future studies to enhance the accuracy of myopia predic-

tion, thereby assisting eye care professionals and health

administrators in making more informed decisions before

implementing interventions in children.

Funding

This work was supported by the Scientific Research Project

of Zhejiang Provincial Department of Education [grant num-

ber Y202457210], the International S&T Cooperation Pro-

gram of China [grant number 2014DFA30940], and the

Wenzhou Medical University-Essilor International Research

Center [WEIRC, grant numbers 95013006, 95016010]. The

funders had no role in the conceptualization, design and

conduct of the study; collection, management, analysis, and

interpretation of the data; preparation, review, or approval

of the manuscript; and decision to submit the manuscript for

publication.

Figure 1 Forest Plot of Positive Relative Accommodation with Various Demographic Subgroups. The dashed vertical line represents

the odds ratio for the overall study population. Abbreviations: OR, odds ratio; CI, confidence interval; PRA, positive relative accom-

modation; SD, standard deviation.

Figure 2 Receiver Operating Characteristic Curves of Risk

Factors for Predicting Myopia Onset before Primary School Grad-

uation. Abbreviations: ROC, receiver operating characteristic;

AUC, area under the curve; UCVA, uncorrected visual acuity;

SER, spherical equivalent refraction; PRA, positive relative

accommodation; AL, axial length.

6

Y. Ye, Y. Yuan, C. Guo et al.



Consent for publication

Parental written informed consent were obtained from all

enrolled participants.

Availability of data and materials

The datasets generated and/or analysed during the current

study are not publicly available due to privacy or ethical

restrictions but are available from the corresponding author

on reasonable request.

Author contributions

All authors made substantial contributions to conception and

design, acquisition of data, or analysis and interpretation of

data; took part in drafting the article or revising it critically

for important intellectual content; gave final approval of

the version to be published; and agree to be accountable for

all aspects of the work.

Declaration of competing interest

Drs. Yee Ling Wong, and Bj€orn Drobe are employees of Essilor

International, Singapore. No honorarium, grant, or other

form of payment was given to anyone to produce the manu-

script. The authors have no other potential conflicts of inter-

est to disclose.

Acknowledgements

Not applicable.

Supplementary materials

Supplementary material associated with this article can be

found in the online version at doi:10.1016/j.optom.2025.

100577.

References

1. Morgan I, Ohno-Matsui K, Myopia Saw S. Lancet. 2012;379

(9827):1739�1748. https://doi.org/10.1016/s0140-6736(12)

60272-4.

2. Rudnicka A, Kapetanakis V, Wathern A, et al. Global variations

and time trends in the prevalence of childhood myopia, a sys-

tematic review and quantitative meta-analysis: implications for

aetiology and early prevention. Br J Ophthalmol. 2016;100

(7):882�890. https://doi.org/10.1136/bjophthalmol-2015-

307724.

3. Dong L, Kang Y, Li Y, Wei W, Jonas J. Prevalence and time trends

of Myopia in children and adolescents in China: a systemic

review and meta-analysis. Retina. 2020;40(3):399�411.

https://doi.org/10.1097/iae.0000000000002590.

4. Fan D, Lam D, Lam R, et al. Prevalence, incidence, and progres-

sion of myopia of school children in Hong Kong. Invest

Ophthalmol Vis Sci. 2004;45(4):1071�1075. https://doi.org/

10.1167/iovs.03-1151.

5. Lam C, Edwards M, Millodot M, Goh W. A 2-year longitudinal study

of myopia progression and optical component changes among

Hong Kong schoolchildren. Optom Vis Sci. 1999;76(6):370�380.

https://doi.org/10.1097/00006324-199906000-00016.

6. Lin Z, Vasudevan B, Gao T, Zhou H, Ciuffreda K, Liang Y. Refrac-

tive change and incidence of myopia among rural Chinese chil-

dren: the Handan Offspring Myopia Study. Br J Ophthalmol.

2021. https://doi.org/10.1136/bjophthalmol-2020-317811.

7. Wang S, Guo Y, Liao C, et al. Incidence of and factors associated

with myopia and high myopia in Chinese children, based on

refraction without cycloplegia. JAMA Ophthalmol. 2018;136

(9):1017�1024. https://doi.org/10.1001/jamaophthalmol.

2018.2658.

8. Ma Y, Zou H, Lin S, et al. Cohort study with 4-year follow-up of

myopia and refractive parameters in primary schoolchildren

in Baoshan District, Shanghai. Clin Exp Ophthalmol. 2018;46

(8):861�872. https://doi.org/10.1111/ceo.13195.

9. Tsai D, Fang S, Huang N, et al. Myopia development among

young schoolchildren: the Myopia investigation Study in Taipei.

Invest Ophthalmol Vis Sci. 2016;57(15):6852�6860. https://

doi.org/10.1167/iovs.16-20288.

10. Zhou W, Zhang Y, Li H, et al. Five-year progression of refractive

errors and incidence of myopia in school-aged children in west-

ern China. J Epidemiol. 2016;26(7):386�395. https://doi.org/

10.2188/jea.JE20140258.

11. Zhao J, Mao J, Luo R, Li F, Munoz S, Ellwein L. The progression of

refractive error in school-age children: shunyi district, China.

Am J Ophthalmol. 2002;134(5):735�743. https://doi.org/

10.1016/s0002-9394(02)01689-6.

12. Ikuno Y. Overview of the complications of high myopia. Retina.

2017;37(12):2347�2351. https://doi.org/10.1097/iae.

0000000000001489.

13. Lim M, Gazzard G, Sim E, Tong L, Saw S. Direct costs of myopia

in Singapore. Eye (Lond). 2009;23(5):1086�1089. https://doi.

org/10.1038/eye.2008.225.

14. Naidoo K, Fricke T, Frick K, et al. Potential lost productivity

resulting from the global burden of myopia: systematic review,

meta-analysis, and modeling. Ophthalmology. 2019;126(3):

338�346. https://doi.org/10.1016/j.ophtha.2018.10.029.

15. Rose K, Harper R, Tromans C, et al. Quality of life in myopia. Br

J Ophthalmol. 2000;84(9):1031�1034. https://doi.org/10.

1136/bjo.84.9.1031.

16. Sankaridurg P, Tahhan N, Kandel H, et al. IMI impact of myopia.

Invest Ophthalmol Vis Sci. 2021;62(5):2. https://doi.org/

10.1167/iovs.62.5.2.

17. Saw S, Shankar A, Tan S, et al. A cohort study of incident myopia

in Singaporean children. Invest Ophthalmol Vis Sci. 2006;47

(5):1839�1844. https://doi.org/10.1167/iovs.05-1081.

18. French A, Morgan I, Mitchell P, Rose K. Risk factors for incident

myopia in Australian schoolchildren: the Sydney adolescent vas-

cular and eye study. Ophthalmology. 2013;120(10):2100�2108.

https://doi.org/10.1016/j.ophtha.2013.02.035.

19. Lin Z, Vasudevan B, Mao G, et al. The influence of near work on

myopic refractive change in urban students in Beijing: a three-year

follow-up report. Graefes Arch Clin Exp Ophthalmol. 2016;254

(11):2247�2255. https://doi.org/10.1007/s00417-016-3440-9.

20. Saw S, Tong L, Chua W, et al. Incidence and progression of myo-

pia in Singaporean school children. Invest Ophthalmol Vis Sci.

2005;46(1):51�57. https://doi.org/10.1167/iovs.04-0565.

21. Zadnik K, Sinnott L, Cotter S, et al. Prediction of juvenile-onset

myopia. JAMA Ophthalmol. 2015;133(6):683�689. https://doi.

org/10.1001/jamaophthalmol.2015.0471.

22. Wolffsohn JS, Jong M, Smith 3rd EL, et al. IMI 2021 reports and

digest - reflections on the implications for clinical practice.

Invest Ophthalmol Vis Sci. Apr 28 2021;62(5):1. https://doi.

org/10.1167/iovs.62.5.1.

7

Journal of Optometry 18 (2025) 100577

https://doi.org/10.1016/j.optom.2025.100577
https://doi.org/10.1016/j.optom.2025.100577
https://doi.org/10.1016/s0140-6736(12)60272-4
https://doi.org/10.1016/s0140-6736(12)60272-4
https://doi.org/10.1136/bjophthalmol-2015-307724
https://doi.org/10.1136/bjophthalmol-2015-307724
https://doi.org/10.1097/iae.0000000000002590
https://doi.org/10.1167/iovs.03-1151
https://doi.org/10.1167/iovs.03-1151
https://doi.org/10.1097/00006324-199906000-00016
https://doi.org/10.1136/bjophthalmol-2020-317811
https://doi.org/10.1001/jamaophthalmol.2018.2658
https://doi.org/10.1001/jamaophthalmol.2018.2658
https://doi.org/10.1111/ceo.13195
https://doi.org/10.1167/iovs.16-20288
https://doi.org/10.1167/iovs.16-20288
https://doi.org/10.2188/jea.JE20140258
https://doi.org/10.2188/jea.JE20140258
https://doi.org/10.1016/s0002-9394(02)01689-6
https://doi.org/10.1016/s0002-9394(02)01689-6
https://doi.org/10.1097/iae.0000000000001489
https://doi.org/10.1097/iae.0000000000001489
https://doi.org/10.1038/eye.2008.225
https://doi.org/10.1038/eye.2008.225
https://doi.org/10.1016/j.ophtha.2018.10.029
https://doi.org/10.1136/bjo.84.9.1031
https://doi.org/10.1136/bjo.84.9.1031
https://doi.org/10.1167/iovs.62.5.2
https://doi.org/10.1167/iovs.62.5.2
https://doi.org/10.1167/iovs.05-1081
https://doi.org/10.1016/j.ophtha.2013.02.035
https://doi.org/10.1007/s00417-016-3440-9
https://doi.org/10.1167/iovs.04-0565
https://doi.org/10.1001/jamaophthalmol.2015.0471
https://doi.org/10.1001/jamaophthalmol.2015.0471
https://doi.org/10.1167/iovs.62.5.1
https://doi.org/10.1167/iovs.62.5.1


23. Goss D, Jackson T. Clinical findings before the onset of myopia in

youth: 2. Zone of clear single binocular vision. Optom Vis Sci.

1996;73(4):263�268. https://doi.org/10.1097/00006324-

199604000-00008.

24. Goss D, Jackson T. Clinical findings before the onset of myopia in

youth: 3. Heterophoria. Optom Vis Sci. 1996;73(4):269�278.

https://doi.org/10.1097/00006324-199604000-00009.

25. Wong Y, Yuan Y, Su B, et al. Prediction of myopia onset with

refractive error measured using non-cycloplegic subjective

refraction: the WEPrOM Study. BMJ Open Ophthalmol. 2021;6

(1):e000628. https://doi.org/10.1136/bmjophth-2020-000628.

26. Mutti D, Hayes J, Mitchell G, et al. Refractive error, axial

length, and relative peripheral refractive error before and after

the onset of myopia. Invest Ophthalmol Vis Sci. 2007;48

(6):2510�2519. https://doi.org/10.1167/iovs.06-0562.

27. Flitcroft D, He M, Jonas J, et al. IMI - defining and classifying

myopia: a proposed set of standards for clinical and epidemio-

logic studies. Invest Ophthalmol Vis Sci. 2019;60(3):M20�M30.

https://doi.org/10.1167/iovs.18-25957.

28. Wright J, Williamson J, Whelton P, et al. A randomized trial of

intensive versus standard blood-pressure control. N Engl J Med.

2015;373(22):2103�2116. https://doi.org/10.1056/NEJ-

Moa1511939.

29. Guo Y, Liu L, Tang P, et al. Outdoor activity and myopia progres-

sion in 4-year follow-up of Chinese primary school children: the

Beijing Children Eye Study. PloS One. 2017;12(4):e0175921.

https://doi.org/10.1371/journal.pone.0175921.

30. Gwiazda J, Thorn F, Held R. Accommodation, accommodative

convergence, and response AC/A ratios before and at the onset

of myopia in children. Optom Vis Sci. 2005;82(4):273�278.

https://doi.org/10.1097/01.opx.0000159363.07082.7d.

31. Mutti D, Mitchell G, Jones-Jordan L, et al. The response AC/A ratio

before and after the onset of myopia. Invest Ophthalmol Vis Sci.

2017;58(3):1594�1602. https://doi.org/10.1167/iovs.16-19093.

32. Rah M, Mitchell G, Mutti D, Zadnik K. Levels of agreement

between parents' and children’s reports of near work. Ophthal-

mic Epidemiol. 2002;9(3):191�203. https://doi.org/10.1076/

opep.9.3.191.1514.

33. Wen L, Cheng Q, Cao Y, et al. The Clouclip, a wearable device

for measuring near-work and outdoor time: validation and com-

parison of objective measures with questionnaire estimates.

Acta Ophthalmol. 2021. https://doi.org/10.1111/aos.14785.

8

Y. Ye, Y. Yuan, C. Guo et al.

https://doi.org/10.1097/00006324-199604000-00008
https://doi.org/10.1097/00006324-199604000-00008
https://doi.org/10.1097/00006324-199604000-00009
https://doi.org/10.1136/bmjophth-2020-000628
https://doi.org/10.1167/iovs.06-0562
https://doi.org/10.1167/iovs.18-25957
https://doi.org/10.1056/NEJMoa1511939
https://doi.org/10.1056/NEJMoa1511939
https://doi.org/10.1371/journal.pone.0175921
https://doi.org/10.1097/01.opx.0000159363.07082.7d
https://doi.org/10.1167/iovs.16-19093
https://doi.org/10.1076/opep.9.3.191.1514
https://doi.org/10.1076/opep.9.3.191.1514
https://doi.org/10.1111/aos.14785

	Positive relative accommodation is an independent risk factor for myopia onset: a prospective cohort study among chinese primary schoolchildren, the WEPrOM study
	Introduction
	Methods
	Study design and population
	Measurements and outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	Funding
	Consent for publication
	Availability of data and materials
	Author contributions
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References



