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IMPORTANCE Increased myopic shift was found to be associated with 1 year of overminus
spectacle treatment for children with intermittent exotropia (IXT). Persistence of myopic shift
after discontinuing overminus spectacles is unknown.

OBJECTIVE To compare refractive error change over 3 years in children with IXT originally
treated with overminus vs nonoverminus spectacles.

DESIGN, SETTING, AND PARTICIPANTS This study was an 18-month extension of the
Trial of Overminus Spectacle Therapy for Intermittent Exotropia cohort, which previously
randomized children aged 3 to 10 years with IXT and baseline spherical equivalent refractive
error (SER) between −6.00 diopters (D) and 1.00 D to overminus spectacles (−2.50 D
for 12 months, −1.25 D for 3 months, and nonoverminus for 3 months) or nonoverminus
spectacles. Children were recruited from 56 sites from July 2010 to February 2022.
Data were analyzed from February 2022 to January 2024.

INTERVENTIONS After trial completion at 18 months, participants were followed up
at 24 and 36 months. Treatment was at investigator discretion from 18 to 36 months.

MAIN OUTCOMES AND MEASURES Change in SER (cycloplegic retinoscopy) from baseline
to 36 months.

RESULTS Of 386 children in the Trial of Overminus Spectacle Therapy for Intermittent
Exotropia, 223 (57.8%) consented to 18 months of additional follow-up, including 124 of 196
(63.3%) in the overminus treatment group and 99 of 190 (52.1%) in the nonoverminus
treatment group. Of 205 children who completed 36-month follow-up, 116 (56.6%) were
female, and the mean (SD) age at randomization was 6.2 (2.1) years. Mean (SD) SER change
from baseline to 36 months was greater in the overminus group (−0.74 [1.00] D) compared
with the nonoverminus group (−0.44 [0.85] D; adjusted difference, −0.36 D; 95% CI, −0.59
to −0.12; P = .003), with 30 of 112 (26.8%) in the overminus group having more than 1 D of
myopic shift compared with 14 of 91 (15%) in the nonoverminus group (risk ratio, 1.8; 95% CI,
1.0-3.0). From 12 to 36 months, mean (SD) myopic shift was −0.34 (0.67) D and −0.36 (0.66)
D in the overminus and nonoverminus groups, respectively (adjusted difference, −0.001 D;
95% CI, −0.18 to 0.18; P = .99).

CONCLUSIONS AND RELEVANCE The greater myopic shift observed after 1 year of −2.50-D
overminus lens treatment remained at 3 years. Both groups had similar myopic shift during
the 2-year period after treatment weaning and cessation. The risk of myopic shift should be
discussed with parents when considering overminus lens treatment.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02807350
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I ntermittent exotropia (IXT) is the most common form of
divergent strabismus in childhood.1-5 Overminus lens
therapy, consisting of spectacles with more minus power

than cycloplegic refractive error, is a nonsurgical treatment op-
tion for childhood IXT. Clinicians classically use overminus
lenses to temporarily improve IXT control in young children
before considering strabismus surgery6-11 or vision therapy or
orthoptics.7,10 If a child’s IXT is well controlled while wearing
the overminus spectacles, some clinicians gradually wean
patients off treatment by reducing the power or wear time8,9

to determine if the child can maintain good control without
the need for further treatment.

In our previously reported randomized clinical trial (RCT)
comparing overminus vs nonoverminus spectacles in chil-
dren with IXT aged 3 to 10 years, the Trial of Overminus
Spectacle Therapy for Intermittent Exotropia, we found im-
proved distance IXT control after 12 months of overminus
(−2.50 diopters [D]) spectacles. The treatment effect did not
persist after participants were weaned off overminus spec-
tacles for 3 months and examined 3 months later.12 Impor-
tantly, we also found the treatment was associated with in-
creased myopic shift over 12 months,12 particularly among
children with myopia at baseline. The primary objective of the
current extension study was to evaluate change in refractive
error 2 years after weaning and treatment discontinuation had
begun to determine whether the myopic shift seen at 12 months
persisted 3 years from treatment initiation.

Methods
The study was funded by the National Eye Institute of the
National Institutes of Health and conducted according to the
Declaration of Helsinki tenets by the Pediatric Eye Disease
Investigator Group at 56 academic and community-based clini-
cal sites. Community-based sites were approved by the Jaeb
Center for Health Research Institutional Review Board. Insti-
tutional review boards for each site approved the protocol and
Health Insurance Portability and Accountability Act (HIPAA)–
compliant informed consent forms. Each participant’s parent
or guardian gave written informed consent, and if required,
each participant gave assent. Study participants received $50
compensation per visit. The study is registered online13; the
trial protocol can be found in Supplement 1, and the statisti-
cal analysis plan can be found in Supplement 2. The study
followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline.

18-Month Randomized Trial
The initial 18-month RCT12 included 386 children aged 3 to 10
years with spherical equivalent refractive error (SER) be-
tween −6.00 D and 1.00 D as well as IXT of 15 prism diopters
(Δ) or more with a distance IXT control score (mean of 3 mea-
sures) of 2 points or more (range from 0 [phoria] to 5
[constant]).14,15 Participants were randomly assigned to over-
minus spectacles (−2.50 D over cycloplegic refraction for 12
months, −1.25 D for 3 months, then nonoverminus for 3
months; n = 189) or nonoverminus spectacles (n = 169) for 18

months, to be worn full-time.12 As a safety outcome, cyclople-
gic refraction was performed at baseline and 12 months to
monitor change. Two years and 10 months after the RCT
began, the data and safety monitoring committee observed
greater myopic shift in the overminus group and recom-
mended discontinuation of overminus spectacles for those still
wearing the spectacles (17 of 196 [8.7%]) and adding a cyclople-
gic refraction at the 18-month visit for the remaining
participants. Additional details have been published.12 Self-
reported race and ethnicity data were collected via a question-
naire; categories included American Indian or Alaska Native,
Asian, Black or African American, Hispanic or Latino, more
than 1 race, Native Hawaiian or Other Pacific Islander, White,
and unknown or not reported.

Post-RCT Follow-Up (Extension Study)
In December 2019, when 250 of 386 participants (64.8%) had
completed the 18-month RCT, participants were asked to par-
ticipate in the present post-RCT extension study. Follow-up
visits occurred at 24 months (range, 21 to 27 months) and 36
months (range, 33 to 39 months) from randomization.
A masked examiner measured near stereoacuity and per-
formed 3 IXT control assessments (beginning, middle, and end
of examination), cover-uncover test, and prism and alternate
cover test at distance and near. Cycloplegic retinoscopy was
performed 30 to 45 minutes following at least 1 drop of cyclo-
pentolate, 1%. Cycloplegic autorefraction, axial length, flat cor-
neal curvature, anterior chamber depth, and lens thickness
were measured if autorefractors and biometers were avail-
able at the site. Treatment of IXT from 18 to 36 months was at
investigator discretion.

Statistical Analysis
The primary analyses compared mean SER change by retinos-
copy (more myopic eye at baseline) from baseline to 24 months
and baseline to 36 months using analysis of covariance with
adjustment for baseline SER in all participants who com-
pleted the respective visit. Missing data were not imputed
and no adjustment for multiplicity was made for these pri-
mary outcomes because they were safety analyses.

Key Points
Question In children with intermittent exotropia, did the greater
myopic shift observed after 1 year of overminus lens treatment
(compared with nonoverminus treatment) persist 2 years after
the start of weaning and cessation?

Findings In this extension of the Trial of Overminus Spectacle
Therapy for Intermittent Exotropia, mean myopic shift from
baseline to 3 years was greater in the overminus group compared
with the nonoverminus group. The myopic shift was similar
between treatment groups from 1 year to 3 years.

Meaning The myopic shift associated with 1 year of −2.50-diopter
overminus lens treatment persisted after discontinuing the
overminus spectacles, but it did not increase further compared
with the nonoverminus group after overminus lens treatment
weaning and cessation.
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As sensitivity analyses, the primary analyses were re-
peated but limited to participants who (1) completed the
24-month and 36-month visits within the study visit win-
dow, (2) were not treatment crossovers during the RCT, and
(3) completed the 12-month RCT primary outcome visit. A
fourth sensitivity analysis using the last-observation-carried-
forward method imputed the last SER recorded for partici-
pants who started orthokeratology treatment. A fifth
sensitivity analysis used multiple imputation to impute the
missing 24-month and 36-month SER data for participants
in the extension study.

A secondary outcome was the proportion of participants
with an increase in SER myopia more than 1.00 D from base-
line to 24 and 36 months, both overall and by baseline SER sub-
groups (−0.50 to −6.00 D, −0.375 to 0.375 D, and 0.50 to 1.00
D). The risk ratio (RR) between treatment groups for this pro-
portion and the associated 95% CIs were calculated at both time
points using Poisson regression with robust error variance and
adjustment for baseline SER.16 As a sensitivity analysis for the
myopia subgroup, the RR was also calculated for a different
baseline refractive error subgroup (myopia: less than 0 to −6.00
D). Exploratory analyses on the SER outcomes were repeated
based on cycloplegic autorefraction data (from participants
with available data).

A post hoc treatment group comparison of mean SER
change from 12 months (ie, time of tapering to −1.25 D over-
minus followed by discontinuing overminus at 15 months) to
36 months used methods similar to the primary analysis. In
addition, mean change in SER from baseline to 12 months,
12 to 24 months, and 24 to 36 months were tabulated by
treatment group.

As secondary analyses, axial length, flat corneal curva-
ture, anterior chamber depth, and lens thickness of the most
myopic eye at baseline were compared between treatment
groups at 24 and 36 months using an analysis of variance
model. Adjusting for baseline values was not possible be-
cause these measures were not collected at baseline. P values
and 95% CIs were adjusted using the 2-stage step-up proce-
dure to control the false discovery rate17 at 5%. Significance
was set at P < .05, and all P values were 2-tailed. In explor-
atory analyses, the differences between treatment groups in
exodeviation control, exodeviation magnitude, and near
stereoacuity were estimated using analysis of covariance
adjusted for the baseline measures; because of the explor-
atory nature of the analyses, only 95% CIs and not P values are
reported. All analyses were conducted using SAS version 9.4
(SAS Institute).

Results
Of 386 children in the Trial of Overminus Spectacle Therapy
for Intermittent Exotropia, 223 (57.8%) consented to 18
months of additional follow-up, including 124 of 196 (63.3%)
in the overminus treatment group and 99 of 190 (52.1%) in
the nonoverminus treatment group (Figure 1). Because 103
of 223 participants (46.2%) were at least 30 months postran-
domization at the time of consent, a 24-month visit was

not possible, which contributed to only 57 of 196 (29.1%) in
the overminus group and 52 of 190 (27.4%) in the nonover-
minus group completing this visit. The 36-month visit
was completed by 112 of 196 participants (57.1%) and 93 of
190 participants (48.9%), respectively; of these, 116 (56.6%)
were female, and the mean (SD) age at randomization was
6.2 (2.1) years. Baseline demographic and clinical character-
istics, SER change from baseline to 12 months, and distance
IXT control at 12 and 18 months appeared similar between
participants who did and did not complete the 36-month
visit (Table 1).

SER (Primary Outcomes)
Overall, the overminus group showed a greater mean (SD)
SER myopic shift from baseline than the nonoverminus
group at both 24 months (−0.61 [0.94] D vs −0.14 [0.65] D;
adjusted difference, −0.52 D; 95% CI, −0.79 to −0.24;
P < .001) and 36 months (−0.74 [1.00] D vs −0.44 [0.85] D;
adjusted difference, −0.36 D; 95% CI, −0.59 to −0.12;
P = .003) (Table 2). Sensitivity analyses yielded similar
results (eTable 2 in Supplement 3).

At 24 months, 14 of 57 overminus participants (25%) had
more than 1.00 D of myopic shift compared with 4 of 52 (8%)
assigned to nonoverminus treatment (adjusted RR, 3.9;
95% CI, 1.6-9.3; P = .002). At 36 months, 30 of 112 (26.8%) in
the overminus group had more than 1.00 D of myopic shift

Figure 1. Study Flowchart

196 Overminus spectacles

176 Completed 18-mo trial

124 Enrolled in extension study
121 Completed 18-mo trial

3 Withdrawn from 18-mo
trial and reentered
in extension study

99 Enrolled in extension study
97 Completed 18-mo trial
2 Withdrawn from 18-mo

trial and reentered
in extension study

20 Lost to follow-up

190 Nonoverminus spectacles

155 Completed 18-mo trial

35 Lost to follow-up

112 Completed 36-mo visitb

57 Completed 24-mo visit
60 Missed before reconsent
3 Missed after reconsenta

4 Lost to follow-up

8 Lost to follow-up

93 Completed 36-mo visitb

52 Completed 24-mo visit
43 Missed before reconsent
1 Missed after reconsenta

3 Lost to follow-up

3 Lost to follow-up

386 Participants randomized

a Seven in the overminus group and 4 in the nonoverminus group completed
the 24-month visit out of the analysis window (�630 and �899 days from
randomization) for the primary analysis.

b One in the overminus group and 3 in the nonoverminus group completed the
30-month visit out of the analysis window (�900 and �1440 days from
randomization) for the primary analysis.
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Table 1. Participant and Ocular Characteristics by 36-Month Visit Completion Status

Characteristic

No. (%)

Completed 36-mo follow-up Did not complete 36-mo follow-up

Overminus (n = 112) Nonoverminus (n = 93) Overminus (n = 84) Nonoverminus (n = 97)
Sex

Female 64 (57) 52 (56) 48 (57) 62 (64)

Male 48 (43) 41 (44) 36 (43) 35 (36)

Race and ethnicitya

Asian 3 (3) 5 (5) 3 (4) 5 (5)

Black or African American 19 (17) 12 (13) 15 (18) 16 (16)

Hispanic or Latino 21 (19) 22 (24) 10 (12) 18 (19)

White 60 (54) 46 (49) 53 (63) 45 (46)

Other race 9 (8) 8 (9) 3 (4) 13 (13)

Age at randomization, y

3-<7 68 (61) 65 (70) 55 (65) 55 (57)

7-<11 44 (39) 28 (30) 29 (35) 42 (43)

Mean (SD; range) 6.4 (2.1; 3.0 to 11.0) 6.0 (2.1; 3.0 to 10.7) 6.4 (2.0; 3.0 to 11.0) 6.5 (2.2; 3.1 to 10.7)

SER, Db

>0.50 30 (27) 24 (26) 28 (33) 35 (36)

>−0.75 to 0.50 65 (58) 47 (51) 36 (43) 49 (51)

−0.75 to >−3.00 12 (11) 20 (22) 17 (20) 12 (12)

≤−3.00 5 (4) 2 (2) 3 (4) 1 (1)

Mean (SD; range) 0.01 (1.11; −6.00 to
1.25)

−0.11 (1.05; −3.75 to 1.00) −0.05 (1.12; −3.75 to
1.00)

0.13 (0.80; −3.25 to 1.00)

Change in SER from baseline to 12 mo, D

Mean (SD; range) −0.40 (0.66; −2.50 to
1.50)

−0.08 (0.46; −1.50 to 1.50) −0.45 (0.72; −2.25 to
0.75)

0 (0.45; −1.00 to 1.00)

Prior nonsurgical treatment for IXT

None 73 (65) 67 (72) 53 (63) 70 (72)

Patching only 26 (23) 17 (18) 27 (32) 16 (16)

Vision therapy only 7 (6) 5 (5) 3 (4) 6 (6)

Patching plus other treatment 3 (3) 4 (4) 1 (1) 2 (2)

Other treatment 3 (3) 0 0 3 (3)

Randot preschool stereoacuity at near,
arcsecondsc

40 to 100 69 (64) 56 (63) 51 (64) 56 (60)

200 to 800 30 (28) 28 (31) 22 (28) 27 (29)

Nil 9 (8) 5 (6) 7 (9) 11 (12)

Median, log(arcseconds) 2.0 2.0 2.0 2.0

Mean distance visual acuity,
Snellen equivalentsd

20/12 to 20/20 57 (51) 33 (35) 29 (35) 49 (51)

20/25 to 20/32 46 (41) 52 (56) 49 (58) 42 (43)

20/40 to 20/50 9 (8) 8 (9) 6 (7) 6 (6)

IOD of distance visual acuity, logMAR

0 85 (76) 53 (57) 45 (54) 62 (64)

0.1 22 (20) 31 (33) 35 (42) 30 (31)

0.2 5 (4) 9 (10) 4 (5) 5 (5)

Prior spectacle wear

No 79 (71) 65 (70) 61 (73) 77 (79)

Yes 33 (29) 28 (30) 23 (27) 20 (21)

Exotropia control at distancee

2 to <3 51 (46) 41 (44) 33 (39) 37 (38)

3 to <4 34 (30) 22 (24) 22 (26) 30 (31)

4 to 5 27 (24) 30 (32) 29 (35) 30 (31)

Mean (SD; range) 3.1 (1.0; 2.0 to 5.0) 3.2 (1.1; 2.0 to 5.0) 3.3 (1.1; 2.0 to 5.0) 3.3 (1.0; 2.0 to 5.0)

(continued)
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compared with 14 of 91 (15%) in the nonoverminus group
(adjusted RR, 1.8; 95% CI, 1.0-3.0; P = .045) (Table 2). Based
on baseline SER subgroups, RRs for developing more than
1.00 D myopic shift over 3 years between the overminus and
nonoverminus groups were 2.6 (95% CI, 1.3-5.1) for partici-
pants with baseline SER of −0.50 to −6.00 D, 2.5 (95% CI,
0.8-7.6) for those with baseline SER of −0.375 to 0.375 D, and
0.7 (95% CI, 0.2-3.4) for those with baseline SER 0.50 to 1.00

D (Table 2). The RR was 1.8 (95% CI, 1.0-3.2) in the sensitivity
analysis using baseline myopia defined −6.00 D or less.

Between 12 and 36 months, there was no difference in
mean (SD) myopic shift between the overminus and nonover-
minus groups (−0.34 [0.67] D in the overminus group and −0.36
[0.66] D in the nonoverminus group; adjusted difference,
−0.001 D; 95% CI, −0.18 to 0.18; P = .99). The mean (SD) my-
opic shift was −0.20 (0.55) D in the overminus group and −0.07

Table 1. Participant and Ocular Characteristics by 36-Month Visit Completion Status (continued)

Characteristic

No. (%)

Completed 36-mo follow-up Did not complete 36-mo follow-up

Overminus (n = 112) Nonoverminus (n = 93) Overminus (n = 84) Nonoverminus (n = 97)
Change in exotropia control at distance
from baseline to 12 mo, mean
(SD; range)e

1.3 (1.4; −2.3 to 5.0) 0.4 (1.2; −3.0 to 3.0) 1.4 (1.3; −1.0 to 5.0) 0.7 (1.5; −2.3 to 4.3)

Change in exotropia control at distance
from baseline to 18 mo, mean
(SD; range)e

0.8 (1.4; −2.3 to 4.3) 0.3 (1.5; −3.0 to 4.7) 0.9 (1.5; −3.0 to 4.7) 0.8 (1.7; −3.0 to 4.7)

Exotropia control at neare

0 to <1 25 (22) 31 (33) 12 (14) 15 (15)

1 to <2 37 (33) 32 (34) 43 (51) 33 (34)

2 to <3 30 (27) 15 (16) 9 (11) 29 (30)

3 to <4 16 (14) 13 (14) 15 (18) 14 (14)

4 to 5 4 (4) 2 (2) 5 (6) 6 (6)

Mean (SD; range) 1.7 (1.1; 0 to 4.7) 1.4 (1.1; 0 to 4.3) 1.7 (1.2; 0 to 4.7) 1.9 (1.1; 0 to 4.7)

PACT exodeviation at distance, Δf

10-15 4 (4) 2 (2) 1 (1) 4 (4)

16-18 27 (24) 12 (13) 15 (18) 10 (10)

19-25 49 (44) 44 (47) 37 (44) 47 (48)

30-35 26 (23) 22 (24) 28 (33) 28 (29)

40-45 6 (5) 12 (13) 3 (4) 7 (7)

≥50 0 1 (1) 0 1 (1)

Esodeviation 0 0 0 0

Mean (SD; range) 24 (7; 15 to 45) 27 (8; 15 to 50) 25 (6; 15 to 40) 26 (7; 15 to 50)

PACT exodeviation at near, Δf

No exodeviation (orthophoria) 1 (<1) 1 (1) 1 (1) 2 (2)

1-9 16 (14) 10 (11) 11 (13) 14 (14)

10-15 23 (21) 21 (23) 22 (26) 24 (25)

16-18 27 (24) 15 (16) 9 (11) 14 (14)

19-25 30 (27) 30 (32) 27 (32) 29 (30)

30-35 12 (11) 10 (11) 12 (14) 11 (11)

40-45 3 (3) 6 (6) 1 (1) 2 (2)

≥50 0 0 1 (1) 0

Esodeviation 0 0 0 1 (1)

Mean (SD; range) 18 (9; 0 to 45) 20 (10; 0 to 45) 19 (9; 0 to 50) 17 (9; −4 to 45)

Abbreviations: Δ, prism diopter; D, diopters; IOD, interocular difference;
IXT, intermittent exotropia; PACT, prism and alternate cover test;
SER, spherical equivalent refractive error.
a Race and ethnicity data were self-reported. The other race category includes

American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander,
multiple, and unknown or unreported race.

b SER in the most myopic eye.
c Log(arcseconds) stereoacuity values range from 1.6 (40 arcseconds) to 3.2

(nil), with lower values being better. Four participants in the overminus group
and 3 in the nonoverminus group who did not enroll in the extension study as
well as 4 participants each in the overminus group and nonoverminus groups
who enrolled in the extension study did not understand test instruction to

complete the stereo test; therefore, their stereoacuity at baseline was missing.
d Mean of the participant’s 2 eyes.
e Mean of 3 assessments performed throughout the examination.

Mean distance exotropia control of 2 points or higher (ie, worse) was required
for eligibility. Change in distance exotropia control was calculated as baseline
minus follow-up values, so positive change indicates improvement. Mean near
exotropia control of less than 5 points (ie, could not be constant on all 3 of the
measures) was required for eligibility.

f PACT at distance was required to be at least 15 Δ for eligibility. Additionally,
the near exodeviation could not exceed that at distance by more than 10 Δ
(by PACT) for eligibility (ie, convergence insufficiency type IXT was excluded).
Negative values represent esodeviation.
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(0.45) D in the nonoverminus group from 12 to 24 months and
−0.08 (0.41) D and −0.26 (0.44) D, respectively, from 24 to 36
months (Table 2). Mean SER change between baseline and each
time point was similar in participants who completed the visit
being analyzed (ie, regardless of which other follow-up visits
were completed) (Figure 2) and in the subset of participants

who completed both the 24-month and 36-month visits
(eFigure 1 in Supplement 3).

Cycloplegic autorefraction measurements of change in
SER from baseline were available for 37 of 109 (33.9%)
and 68 of 205 (33.2%) who completed the 24-month
and 36-month visits, respectively. The SER changes by

Table 2. Refractive Error During Follow-Up in the Most Myopic Eye at Baseline

Measure
Overall (cycloplegic
refraction)

Baseline SER (cycloplegic refraction)a
Overall (cycloplegic
autorefraction)b−0.50 D to −6.00 D −0.375 D to 0.375 D 0.50 D to 1.00 D

12 mo

SER at 12 mo

Overminus group

Total, No. 189 43 60 84 103

Mean (SD) −0.45 (1.55) −2.79 (1.38) −0.23 (0.67) 0.54 (0.45) −0.23 (1.63)

Nonoverminus group

Total, No. 169 44 48 77 104

Mean (SD) −0.04 (1.17) −1.51 (1.22) 0.05 (0.47) 0.74 (0.44) 0.15 (1.20)

Change in SER from baseline to 12 mo

Overminus group

Total, No. 189 43 60 84 65

Mean (SD) −0.42 (0.69) −1.07 (0.76) −0.30 (0.64) −0.18 (0.44) −0.45 (0.69)

Nonoverminus group

Total, No. 169 44 48 77 61

Mean (SD) −0.04 (0.46) −0.16 (0.57) −0.01 (0.41) 0 (0.41) −0.05 (0.66)

>1.00 D of SER myopic change from
baseline to 12 mo, No./total No. (%)

Overminus group 33/189 (17) 22/43 (51) 8/60 (13) 3/84 (4) 12/65 (18)

Nonoverminus group 2/169 (1) 1/44 (2) 1/48 (2) 0/77 3/61 (5)

RR (95% CI)c 13.3 (3.3-53.5) 21.3 (2.9-157.9) 6.5 (0.9-48.5) NAd 4.3 (1.1-16.3)

24 mo

SER at 24 mo

Overminus group

Total, No. 57 10 23 24 51

Mean (SD) −0.58 (1.76) −3.71 (1.27) −0.50 (0.90) 0.64 (0.54) −0.38 (1.74)

Nonoverminus group

Total, No. 52 16 14 22 49

Mean (SD) −0.29 (1.60) −2.12 (1.75) 0.13 (0.35) 0.77 (0.35) −0.19 (1.58)

Change in SER from baseline to 24 mo,
mean (SD)e

Overminus group

Total, No. 57 10 23 24 20

Mean (SD) −0.61 (0.94) −1.81 (0.76) −0.60 (0.88) −0.01 (0.54) −0.51 (0.72)

Nonoverminus group

Total, No. 52 16 14 22 17

Mean (SD) −0.14 (0.65) −0.50 (0.99) 0.01 (0.33) 0.03 (0.34) 0.18 (0.84)

>1.00 D of SER myopic change from
baseline to 24 mo, No./total No. (%)

Overminus group 14/57 (25) 8/10 (80) 6/23 (26) 0/24 3/20 (15)

Nonoverminus group 4/52 (8) 4/16 (25) 0/14 0/22 0/17

RR (95% CI)d 3.9 (1.6-9.3) 2.9 (1.2-6.9) NAd NAd NAd

Change in SER from 12 to 24 mo,
mean (SD)f

Overminus group

Total, No. 57 10 23 24 33

Mean (SD) −0.20 (0.55) −0.75 (0.51) −0.23 (0.50) 0.06 (0.44) −0.09 (0.66)

Nonoverminus group

Total, No. 52 16 14 22 28

Mean (SD) −0.07 (0.45) −0.22 (0.59) −0.03 (0.41) 0.01 (0.33) 0.04 (0.46)

(continued)
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Table 2. Refractive Error During Follow-Up in the Most Myopic Eye at Baseline (continued)

Measure
Overall (cycloplegic
refraction)

Baseline SER (cycloplegic refraction)a
Overall (cycloplegic
autorefraction)b−0.50 D to −6.00 D −0.375 D to 0.375 D 0.50 D to 1.00 D

36 mo

SER at 36 mo, mean (SD)

Overminus group

Total, No. 112 19 43 48 102

Mean (SD) −0.72 (1.79) −3.83 (1.53) −0.64 (0.99) 0.36 (0.75) −0.74 (1.92)

Nonoverminus group

Total, No. 91 29 25 37 84

Mean (SD) −0.56 (1.67) −2.32 (1.71) −0.19 (0.78) 0.57 (0.62) −0.50 (1.74)

Change in SER from baseline to 36 mo,
mean (SD)e

Overminus group

Total, No. 112 19 43 48 38

Mean (SD) −0.74 (1.00) −1.86 (1.01) −0.69 (0.96) −0.35 (0.70) −0.83 (0.95)

Nonoverminus group

Total, No. 91 29 25 37 30

Mean (SD) −0.44 (0.85) −0.93 (1.07) −0.26 (0.67) −0.18 (0.57) −0.20 (1.03)

>1.00 D of SER myopic change from
baseline to 36 mo, No./total No. (%)

Overminus group 30/112 (27) 14/19 (74) 13/43 (30) 3/48 (6) 13/38 (34)

Nonoverminus group 14/91 (15) 8/29 (28) 3/25 (12) 3/37 (8) 3/30 (10)

RR (95% CI)c 1.8 (1.0-3.0) 2.6 (1.3-5.1) 2.5 (0.8-7.6) 0.7 (0.2-3.4) 4.0 (1.1-14.0)

Change in SER from 12 to 36 mo,
mean (SD)g

Overminus group

Total, No. 112 19 43 48 63

Mean (SD) −0.34 (0.67) −0.76 (0.75) −0.35 (0.70) −0.15 (0.55) −0.39 (0.89)

Nonoverminus group

Total, No. 91 29 25 37 52

Mean (SD) −0.36 (0.66) −0.69 (0.82) −0.22 (0.56) −0.20 (0.46) −0.27 (0.66)

Change in SER from 24 to 36 mo,
mean (SD)h

Overminus group

Total, No. 49 6 22 21 45

Mean (SD) −0.08 (0.41) −0.02 (0.58) −0.15 (0.44) −0.02 (0.33) −0.30 (0.85)

Nonoverminus group

Total, No. 48 15 14 19 45

Mean (SD) −0.26 (0.44) −0.43 (0.50) −0.14 (0.48) −0.20 (0.32) −0.24 (0.49)

Abbreviations: D, diopter; NA, not applicable; RR, risk ratio; SER, spherical
equivalent refractive error.
a Subgroups exclude 2 ineligible participants who had an SER greater than 1.00

D at baseline (1.125 D and 1.25 D).
b Overall treatment group difference of SER from cycloplegic autorefraction

(overminus – nonoverminus) equal to −0.68 D (95% CI, −1.21 to −0.15) at 24
months and −0.66 D (95% CI, −1.15 to −0.17) at 36 months. Difference
obtained from an analysis of covariance model adjusted for baseline refractive
error in the most myopic eye. Ten participants at 24 months and 2 at 36
months were excluded from the analysis because of visits outside the analysis
window.

c RR reflects the relative probability of a participant in the overminus group
having more than 1.00 D of myopic change compared with a participant in the
nonoverminus group.

d RR could not be calculated due to the denominator of 0 (ie, no participants in
the nonoverminus group had >1.00 D of SER myopic change during the time
period).

e Overall treatment group difference of change in refractive error from baseline
(overminus – nonoverminus) equal to −0.52 D (95% CI, −0.79 to −0.24;
P < .001) at 24 months and −0.36 D (95% CI, −0.59 to −0.12; P = .003) at 36
months. The difference is obtained from an analysis of covariance model

adjusted for baseline SER in the most myopic eye. Eleven participants at 24
months and 3 at 36 months were excluded from the analyses due to visits
outside the analysis window.
For participants whose 24-month visit was outside the analysis window, the
18-month SER was used instead, if available and if completed within the
24-month window.

f Overall treatment group difference of change in SER from 12 months to 24
months (overminus – nonoverminus) equal to −0.15 D (95% CI, −0.33 to 0.03).
Difference obtained from an analysis of covariance model adjusted for
baseline SER in the most myopic eye. Eleven participants were excluded from
the analysis due to visits outside the analysis window at 24 months.

g Overall treatment group difference of change in SER from 12 months to 36
months (overminus – nonoverminus) equal to −0.001 D (95% CI, −0.18 to
0.18). Difference obtained from an analysis of covariance model adjusted for
baseline SER in the most myopic eye. Three participants were excluded from
the analysis due to visits outside the analysis window at 36 months.

h Overall treatment group difference of change in SER from 24 months to 36
months (overminus – nonoverminus) equal to 0.16 D (95% CI, −0.02 to 0.34).
Difference obtained from an analysis of covariance model adjusted for
baseline SER in the most myopic eye. Eleven participants were excluded from
the analysis due to visits outside the analysis window at 24 months.
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cycloplegic autorefraction were similar to those by cyclople-
gic retinoscopy (Table 2).

Biometry Measures (Secondary Outcomes)
Axial length data were available for 84 of 109 participants
(77.1%) at 24 months and 162 of 205 (79.0%) at 36 months.
Mean (SD) axial length was not significantly different be-
tween treatment groups at 24 months (overminus, 23.45 [1.09]
mm; nonoverminus, 23.27 [0.88] mm; difference, 0.25 mm;
95% CI, −0.37 to 0.86; P = .63) or 36 months (overminus, 23.66
[1.11] mm; nonoverminus, 23.41 [0.87] mm; adjusted differ-
ence, 0.24 mm; 95% CI, −0.17 to 0.65; P = .58) (Table 3). There
were no significant treatment group differences for flat cor-
neal curvature, anterior chamber depth, or lens thickness at
24 or 36 months (Table 3).

Exotropia Control, Exotropia Magnitude,
and Near Stereoacuity (Exploratory Outcomes)
There were no significant treatment group differences for IXT
control (distance or near), magnitude of exodeviation
(distance or near), or near stereoacuity at 24 or 36 months
(eTables 1 and 3 and eFigure 2 in Supplement 3).

Treatment Used During the Extension Study
Between 19 and 36 months, 15 of 124 (12.1%) in the overminus
group and 13 of 99 (13%) in the nonoverminus group had surgery
for their IXT. The percentages of participants who received other
types of IXT treatments during this time were similar between
the 2 groups (eTable 2 in Supplement 3), including overminus

spectacles being restarted in 14 of 124 (11.3%) in the overminus
group and being used for the first time in 11 of 99 (11%) in the non-
overminus group. Myopia control treatments were used in 2 of
124 (1.6%) and 1 of 99 (1%) in the overminus and nonoverminus
groups, respectively (eTable 4 in Supplement 3).

Discussion
We previously reported a greater myopic shift over 1 year of
overminus spectacles (−2.50 D) compared with nonovermi-
nus spectacles in children with IXT aged 3 to 10 years.12 The
current post-RCT extension study found that the treatment
group difference of 0.37 D (95% CI, −0.49 to −0.26) in myopic
shift at 1 year persisted but did not increase further during the
2 years after the start of weaning and discontinuation of over-
minus treatment. Thus, the same treatment group difference
initially observed at 12 months was still present at 3 years. These
findings suggest that cessation of the original overminus lens
treatment neither exacerbated nor lessened the myopic shift.

Previous studies on overminus lens treatment for IXT have
not found a myopic shift greater than what would be consid-
ered age expected. A randomized trial11 evaluating −2.50-D
overminus lenses combined with 4-Δ base-in prism in 60
children aged 3 to 6 years with IXT and hyperopia from 0.50
to 5.00 D found no significant change in refractive error in both
treatment and observation groups at 1 year. In another RCT18,19

using an algorithm to customize overminus lens power based
on the child’s distance exodeviation control and magnitude,
accommodative convergence to convergence ratio, and refrac-
tive error showed no difference in refractive and biometric
changes between the overminus (lens range of −1.00 to −6.25
D) and observation groups at 6 months in 84 children aged 4
to 15 years with IXT and refractive error between 3.00 and
−6.00 D. There are numerous possible reasons for the discor-
dant study results between our original RCT and these 2 RCTs,
including differences in overminus lens power or prescribing
strategy used, participant age, refractive error eligibility cri-
teria, length of follow-up during and after treatment, and
sample size. For example, neither of the other RCTs followed
up with their participants after discontinuing overminus
spectacles, and our study’s larger sample size resulted in higher
statistical power to detect differences between treatment
groups. Other studies8,19-23 of overminus spectacles are retro-
spective and without control groups and have concluded
overminus spectacles are associated with no more than
age-expected myopic shift.

In the current study, participants in the overminus group
had approximately twice the risk of myopic progression greater
than 1 D over 3 years vs those in the nonoverminus group. The
difference in myopic shift between the overminus and non-
overminus groups was greatest in participants with baseline
myopia (−0.50 to −6.00 D). Because myopia typically pro-
gresses within the age range of our participants, it was not sur-
prising that both groups continued to progress in the myopic
direction after treatment was discontinued. The myopia pro-
gression from 12 to 36 months in participants with myopia
at baseline in both groups was comparable with the mean

Figure 2. Mean Change in Spherical Equivalent Refractive Error (SER)
by Treatment Group Over 36 Months
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myopia progression in cohorts of children with myo-
pia without IXT,24,25 suggesting temporary use of
overminus spectacles does not accelerate myopia pro-
gression after discontinuing treatment.

The current leading theory for myopia progres-
sion is that peripheral hyperopic retinal defocus drives
axial elongation26,27; however, this hypothesis is not
universally accepted.28 The mechanism by which over-
minus lens treatment caused an increase in myopic shift
in our study cohort with IXT is unknown. Children
wearing overminus lenses need to accommodate to see
clearly through the overminus lenses, and the more pro-
late eye shape induced by accommodation could lead
to changes in relative peripheral refraction29 and faster
myopia progression. Another speculation is that par-
ticipants wearing overminus spectacles might exhibit
greater accommodative lag, resulting in light being
focused behind the retina during near work, which may
act as a signal to increase eye growth and cause myo-
pia progression.30 Although a previous study has shown
that patients with myopia exhibit a larger accommo-
dative lag than patients without myopia,31 other stud-
ies report that accommodative lag is unrelated to myo-
pia progression.32-35 Because we did not measure
peripheral refraction or accommodative accuracy in the
present study, we cannot evaluate the association be-
tween these factors and myopic shift associated with
overminus lens treatment.

Despite finding a greater mean myopic shift from
baseline to 24 and 36 months in the overminus group,
we found no statistically significant differences in axial
length between treatment groups. However, because
only approximately 40% of the original RCT partici-
pants had axial length measured, resulting in wide
95% CIs, we cannot exclude clinically meaningful dif-
ferences between treatment groups. We did not mea-
sure axial length at baseline and 12 months, preclud-
ing us from adjusting this analysis for any potential
baseline imbalances in axial length and from determin-
ing the axial length increase over time, which we would
expect to be associated with a myopic shift. There were
also no statistically significant differences between
treatment groups for flat corneal curvature, anterior
chamber depth, or lens thickness at 24 or 36 months.

The findings from our RCT and extension study sug-
gest that children with IXT and baseline hyperopia of
0.50 to 1.00 D do not have significant risk for a myopic
shift greater than 1.00 D with overminus lens treat-
ment over 36 months. This finding is consistent with a
RCT11 of combined overminus lens and base-in prism
treatment for children with IXT and hyperopia, which
reported similar mean (SD) refractive errors of 1.42 (1.25)
D in the observation group (n = 30) and 1.43 (1.12) D in
the combined treatment group (n = 28) at 12 months.

There were no differences in distance IXT control,
exodeviation magnitude, or stereoacuity between treat-
ment groups at 24 or 36 months. These findings are un-
surprising given that the RCT found that the improvedTa
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exotropia control shown after 12 months of overminus did
not persist at 18 months.

Limitations
This study has several limitations. Only 53% of the original
RCT cohort completed the 36-month visit, which could
result in selection bias if participants who completed the
study differed from those who did not in known or unknown
factors; nevertheless, baseline demographic and clinical
characteristics and mean SER at 12 months appear similar
between these groups. When the post-RCT extension study
was initiated, nearly one-half the participants had already
passed their 24-month visit window, contributing to smaller
sample sizes at 24 months. However, the proportions of RCT
participants completing the 24-month visit were similar
between groups (57 of 196 [29.1%] in the overminus group
and 52 of 190 [27.4%] in the nonoverminus group) and the
proportions completing the final 36-month visit were similar
between groups and nearly twice as high (112 [57.1%] in the
overminus group and 93 [48.9%] in the nonoverminus
group). Subgroup analyses should be interpreted with cau-
tion because of small sample sizes in baseline SER sub-

groups. Investigators performing cycloplegic retinoscopy
were not masked to participants’ treatment assignments,
potentially leading to bias; however, the subset with autore-
fraction showed similar results. Additionally, we did not col-
lect biometry measures, particularly axial length, at baseline
or 12 months, which limits the power of the analyses and
precludes adjustment for potential confounding.

Conclusions
In conclusion, the myopic shift associated with 1 year of
−2.50-D overminus lens treatment persisted 2 years after dis-
continuing overminus lens treatment. Both overminus and
nonoverminus groups had similar myopic shift during the
2-year period after the start of treatment weaning and cessa-
tion. Over 3 years, 1 year of overminus treatment was associ-
ated with a 0.33-D increase in mean myopic shift and approxi-
mately twice the risk of having a myopic shift of 1.00 D or
greater. The risk of myopic shift should be discussed when con-
sidering overminus lens treatment for children with IXT,
particularly for those already myopic.
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