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Abstract

Significance.—Combining 0.01% atropine with soft multifocal contact lenses (SMCL) failed to 

demonstrate better myopia control than SMCL alone.

Purpose.—The Bifocal & Atropine in Myopia (BAM) study investigated whether combining 

0.01% atropine and SMCL with +2.50-D add power leads to greater slowing of myopia 

progression and axial elongation than SMCL alone.

Methods.—BAM participants wore SMCL with +2.50-D add power daily and administered 

0.01% atropine eye drops nightly (n = 46). The BAM subjects (Bifocal + Atropine) were 

age-matched to 46 participants in the Bifocal Lenses In Nearsighted Kids (BLINK) Study 

who wore SMCL with +2.50-D add (Bifocal) and 46 BLINK participants who wore single 

vision contact lenses (Single Vision). The primary outcome was the 3-year change in spherical 

equivalent refractive error determined by cycloplegic autorefraction, and the 3-year change in axial 

elongation was also evaluated.

Results.—Of the total 138 subjects, the mean age was 10.1 ± 1.2 years and the mean spherical 

equivalent was −2.28 ± 0.89 D. The 3-year adjusted mean myopia progression was −0.52 D for 

Bifocal + Atropine, −0.55 D for Bifocal, and −1.09 D for Single Vision. The difference in myopia 

progression was 0.03 D (95% CI, −0.14 to 0.21) for Bifocal + Atropine vs Bifocal and 0.57 D 

(95% CI, 0.38-0.77) for Bifocal + Atropine vs Single Vision. The 3-year adjusted axial elongation 

was 0.31 mm for Bifocal + Atropine, 0.39 mm for Bifocal, and 0.68 mm for Single Vision. The 

difference in axial elongation was −0.08 mm (95% CI, −0. 16 to 0.002) for Bifocal + Atropine vs 

Bifocal and −0.37 mm (95% CI, −0.46 to −0.28) for Bifocal + Atropine vs Single Vision.

Conclusions.—Adding 0.01% atropine to SMCL with +2.50-D add power failed to demonstrate 

better myopia control than SMCL alone.

Among the currently available myopia control strategies, orthokeratology,1–4 soft multifocal 

contact lenses,5–10 spectacles,11, 12 and low concentration atropine13–15 are considered to 

be the most effective methods for slowing myopia progression and eye growth in children 

in the United States. Soft multifocal contact lenses have been shown to slow both myopia 

progression and axial elongation.16 A multicenter randomized clinical trial found that the 

dual-focus MiSight contact lens, the first treatment approved by the FDA with an indication 
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to slow myopia progression, reduced the development of myopia by 0.67 D (95% CI, 0.49 

— 0.84) and axial elongation by 0.28 mm (95% CI, −0.36 to 0.20) over 3 years compared 

to single vision contact lens wearers.10 Similarly, the Bifocal Lenses In Nearsighted Kids 

(BLINK) Study group recently reported that soft multifocal contact lenses with high add 

power slowed myopia progression by 0.46 D (95% CI, 0.29 — 0.63) and axial elongation 

by 0.23 mm (95% CI, 0.17 — 0.30) over 3 years compared to single vision contact 

lenses.9 Low-concentration atropine is another safe and effective myopia control strategy, 

although the reduction of axial elongation is not always correlated with slowing of myopia 

progression.13–15

Combination therapy is a common practice in the medical field to optimize treatment 

efficacy while minimizing adverse effects. Such examples include cancer care,17, 18 

diabetes treatment,19 and glaucoma management,20 among many others. Studies have 

suggested that combining an optical treatment with a pharmacologic intervention may 

provide better myopia control than monotherapy.21–26 Recent studies that investigated the 

combination treatment of 0.01% atropine and orthokeratology found that axial elongation 

was significantly slower among participants randomly assigned to the combination 

treatment compared to those who were assigned to orthokeratology alone.24 25 Moreover, 

a retrospective study found that adding 0.01% atropine to orthokeratology treatment 

provided additional slowing of axial elongation in children who experienced fast myopia 

progression.23 One study provided potentially contradictory information. That study 

compared the axial elongation of participant subgroups based on the concentration of 

atropine (0.025% or 0.125%) administered and the baseline myopia of the participant (less 

myopic than −6 D or equal to or more myopic than −6 D). Combination treatment resulted 

in slower axial elongation in three of the four subgroups, but the high myopes who were 

administered 0.025% atropine with orthokeratology actually grew an average of 0.18 D 

more than the participants who wore orthokeratology alone.26 Another study found that 

adding atropine to orthokeratology did not slow the 3-year axial elongation compared to 

orthokeratology alone after the participants had used orthokeratology mono-therapy for a 

year.27

To date, no study has reported the myopia control effects of combining low-concentration 

atropine and soft multifocal contact lenses. The Bifocal & Atropine in Myopia (BAM) Study 

investigated whether a combination treatment of 0.01% atropine and soft multifocal contact 

lenses with high add power lead to slower myopia progression and axial elongation than soft 

multifocal contact lenses alone.

METHODS

The Biomedical Institutional Review Board at The Ohio State University and the University 

of Houston approved the study protocols. The study was conducted in accordance with the 

Code of Ethics of the World Medical Association (Declaration of Helsinki). Written parental 

permission was obtained from a parent or guardian, and written assent was obtained from 

the participant. The study was registered with ClinicalTrials.gov (NCT03312257).
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Study Design and Setting

Details of the BAM Study design were reported previously.28 Briefly, the BAM Study was 

an ancillary study of the BLINK Study,9, 29 a double masked, randomized clinical trial 

sponsored by the National Eye Institute. The participant eligibility criteria and protocol for 

the outcome measures were consistent between the BAM Study and the BLINK Study. 

The BLINK Study enrolled 294 myopic children aged 7 to 11 years at The Ohio State 

University College of Optometry and The University of Houston College of Optometry 

between October 17, 2014 and June 20, 2016. The BAM Study enrolled 49 participants 

at the Ohio State University between August 2, 2016 and April 4, 2017. The BAM Study 

participants were all treated with +2.50 D add soft multifocal contact lenses (Biofinity 

“D”) and nightly administration of 0.01% atropine. The BLINK Study participants were 

randomly assigned to wear single vision soft contact lenses, soft multifocal contact lenses 

with a +1.50-D add, or soft multifocal contact lenses with a +2.50-D add. The BAM Study 

participants were age-matched (see detail of matching below) to a subset of BLINK Study 

participants who wore soft multifocal contact lenses with +2.50-D add power and another 

subset of participants who wore single vision contact lenses. All participants underwent 

annual examinations to measure cycloplegic autorefraction and axial length.

The BAM Study had two specific aims (1) to test whether the combined treatment of 0.01% 

atropine and soft multifocal contact lens wear produces slower myopia progression and axial 

elongation compared to soft multifocal contact lenses alone over 3 years, and (2) to test 

whether early changes in choroidal thickness can be used as predictors of long-term myopia 

progression / axial elongation. This article only addresses the first aim.

Matching

BAM Study participants were matched by age category (7-9 years versus 10-11 years) to 

participants in the BLINK Study who wore soft multifocal contact lenses with +2.50 D 

add power and another group of BLINK Study participants who wore single vision contact 

lenses. There were 98 potential control participants in each group from which the final 49 

in each group were randomly selected. The epidemiologist (LAJ) was provided with only 

the age of the BAM Study participants without knowing the myopia progression or axial 

elongation at the time of matching. A list of the BLINK Study participants was compiled 

and matches from the +2.50 D add and the single vision groups were selected for each of the 

BAM Study participants based on the age group using a random list generator.

Eligibility Criteria

The age range of the eligible participants was 7 to 11 years (inclusive). The requirements 

of refractive error (by cycloplegic autorefraction) included: spherical component (minus 

cylinder) myopia of −0.75 to −5.00 diopter (D), inclusive, in each eye; no more than 1.00 

D of astigmatism in each eye; and no more than 2.00 D of anisometropia (difference in the 

spherical component between the eyes). The requirements of best-corrected visual acuities 

at distance were: +0.1 logMAR (20/25) or better in each eye with spectacle correction 

and +0.1 logMAR (20/25) or better binocularly while wearing +2.50-D add power soft 

multifocal contact lenses. Participants could not wear gas-permeable, soft multifocal, or 

orthokeratology contact lenses, nor could they have undergone myopia control for more 
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than 1 month prior to enrollment. They also could not be chronically using medications that 

may affect immunity (such as oral or ophthalmic corticosteroids).29 In addition, BAM Study 

participants needed to pass a 2-week run-in period to ensure adequate compliance with 

atropine use.28 The run-in period was described in detail previously.28 Briefly, participants 

were required to self-report on a calendar that they wore contact lenses an average of at 

least 5 days per week, and the change in weight of the atropine bottle had to indicate similar 

compliance.

Interventions

All participants in the BAM Study wore Biofinity Multifocal “D” contact lenses with a 

+2.50-D add power (CooperVision, Victor, NY) daily and were administered 0.01% atropine 

ophthalmic solution nightly.28 The BLINK Study participants wore either single vision soft 

contact lenses or soft multifocal contact lenses with a +2.50-D add power daily without 

using atropine eye drops. Contact lenses, solutions, contact lens cases, and 0.01% atropine 

ophthalmic solution were provided free of charge for all participants. Participants were told 

to wear their contact lenses as often as they would like during the day (no overnight wear), 

and a pair of free or reduced-cost spectacles was also provided for each participant.

The atropine ophthalmic solution was produced at a compounding pharmacy in Columbus, 

OH. The compounding was performed in a sterile manner according to the United States 

Pharmacopeia (USP) guidelines by dissolving atropine sulfate USP monohydrate powder 

in sterile water to a final concentration of 0.01% (for every 0.1 g of atropine, 1000 ml 

of sterile water was added), and Benzalkonium Chloride was added as a preservative. 

The atropine solution expired within 120 days from the date of compounding, and the 

participants received a freshly compounded bottle every 3 months. Twenty-five random 

samples of atropine eye drops across various lots and expiration dates (including longer 

than 120 days from the date of compounding) were sent to the Pharmacoanalytical Shared 

Resource (PhASR) at The Ohio State University Comprehensive Cancer Center for assay 

validation. The chemist was masked and atropine samples were analyzed and quantitated 

via Liquid Chromatography - Tandem Mass Spectrometry. All the atropine samples were 

confirmed to be at a concentration of 0.01%.

Outcomes

The primary outcome was the 3-year change in spherical equivalent refractive error 

determined by cycloplegic autorefraction using the Grand Seiko WAM-5500 Binocular 

Autorefractor/Keratometer (AIT Industries, Bensenville, IL). Cycloplegia was achieved by 

instilling one drop of 0.5% proparacaine followed by two drops of 1.0% tropicamide, 

five minutes apart. Ten cycloplegic readings were measured 25 minutes after instilling the 

second drop of tropicamide, and then averaged using the method described by Thibos.30 The 

participants fixated 6/9 (20/30) size letters on a near point card viewed through a +4.00 D 

Badal lens at the participants’ far point.

Axial length for each eye was measured under cycloplegia using the Lenstar LS 900 

(Haag-Streit USA, Mason, OH). The subject was instructed to fixate an internal, red LED 

(Light-Emitting Diode) light with the eye being measured, and the contralateral eye was 
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covered with an eye patch. The measurements were repeated until five reliable readings were 

acquired without a poor-quality warning indicator.

The visual acuity at distance was measured using Bailey-Lovie logMAR charts for high 

and low contrast visual acuity at 4 m. The visual acuity at near was measured using the 

Logarithmic Visual Acuity Chart 2000 “New Early Treatment Diabetic Retinopathy Study” 

(ETDRS) near visual acuity chart at 40 cm. The luminance of all visual acuity charts were 

calibrated to be between 75 to 120 cd/m2 using the Sekonic L-508 Zoom Master (Sekonic, 

Tokyo, Japan) light meter. Participants read the first letter of each line until reading one 

incorrectly, then began two lines above and read every letter of each line until at least three 

letters were missed on the same line. The number of letters read correctly was recorded and 

converted to logMAR visual acuity.

Pupil diameter of the right eye was obtained using the NeurOptics VIP-200 Pupillometer 

(NeurOptics, Irvine, CA) under both photopic and mesopic lighting conditions. For the 

photopic condition, the subject stood facing the examiner with his/her back toward the wall-

mounted visual acuity chart calibrated to 75 to 120 cd/m2. For the mesopic condition (<1 

cd/m2), the subject stood in the same location with all room lights off except an incandescent 

lamp pointed straight down at the opposite end of the room. The eye cup of the pupillometer 

was held against the right eye while the measurement was performed. The pupil size was 

recorded to the nearest 0.1 mm.

Accommodative lag was measured using the Grand Seiko WAM-5500 Binocular 

Autorefractor/Keratometer (AIT Industries, Bensenville, IL). Subject viewed a 4 X 4 grid 

of 20/125 Snellen Equivalent letters located at 33 cm through the right eye, and the left 

eye was occluded. Accommodative lag was defined as the dioptric differences between 

the accommodative response and stimulus. The participants’ habitual soft contact lens 

correction was worn during the measurement. Baseline accommodative lag was measured at 

the 3-week visit after the subjects have started wearing contact lenses and using atropine eye 

drops.28, 29

Adherence to contact lens wear and atropine was monitored by parental surveys. The parents 

reported how many days their children usually wore contact lenses and what time they 

usually inserted and removed contact lenses during weekdays and weekends, respectively. 

The number of hours that contact lenses were typically worn each week was calculated 

based on the information, and the average number of hours each day was then calculated by 

dividing the total hours per week by the number of days the lenses were reported to be worn. 

Additionally, the parents reported how many days during the week (0 to 5) and weekend (0 

to 2) the children typically missed the atropine drops.

Sample Size

Estimates of sample size were computed for each specific aim based on the assumption of 

an α level of 0.05, 80% power, myopia progression of −1.29 D over three years, and a 50% 

treatment effect (reducing the myopia progression by 0.65 D for the +2.50-D add power 

group and by an additional 0.33 D for the combination treatment group). The sample size 

required was 39 participants for each group, but the ultimate sample size was determined by 
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the second aim related to assessing early changes in choroidal thickness, which required 44 

participants per group. Adjusting for 10% loss to follow-up gave a total sample required of 

49 participants for each group.

Statistical Analyses

Repeated measures analyses using mixed linear models in STATA (version 15, College 

Station, TX) were undertaken to model myopia progression (primary outcome) and axial 

elongation (secondary outcome) to account for the clusters of correlated data due to 

repeated participant outcome measures.31 Models controlled for the baseline value of the 

outcome, sex, race, age group (7-9 or 10-11 years), eye (right or left), and pair matching. 

A significant interaction was retained in the model between treatment group and time (P < 

.01). Interaction between baseline refractive error and axial elongation was not significant 

(P = 0.79). Analyses of variance were conducted to compare ages, baseline refractive errors 

and biometric parameters, visual acuities, pupil sizes, accommodative lag, and contact lenses 

wear time between the treatment groups. Chi-square tests were used to compare sex and race 

between the treatment groups. In addition, post hoc analyses were performed to compare 

the proportion of participants whose myopia progressed −1.00 D or more or eyes grew 0.36 

mm or more between the treatment groups (assuming 0.36 mm of eye growth corresponds to 

−1.00 D of myopia progression).

RESULTS

Of the 49 participants enrolled in the BAM Study, 46 were included in the analyses and all 

of them completed the 3-year visit. Three participants did not attend any of the subsequent 

annual visits. Overall, participants attended 138 of the 147 annual visits (93.9%). These 

46 BAM Study participants (Bifocal + Atropine) were matched by age category to 46 

participants in the BLINK Study who wore soft multifocal contact lenses with +2.50-D add 

power (bifocal) and another group of 46 BLINK participants who wore single vision contact 

lenses (single vision).

Of the total 138 participants, 63% were female, the mean (SD) age was 10.1 ± 1.2 years, 

54% were aged 10 or 11 years at baseline, and 67% were white. The mean (SD) right eye 

cycloplegic spherical equivalent at baseline was −2.28 ± 0.89 D. Detailed demographic and 

ocular characteristics of the BAM participants and matched groups at baseline are shown 

in Table 1. At baseline, there were no significant differences between the three groups for 

age, refractive error, biometric parameters (including axial length, anterior chamber depth, 

lens thickness, and vitreous chamber depth), visual acuities (including high and low contrast 

distance and high contrast near visual acuity), or pupil sizes (including under photopic and 

mesopic conditions). However, the participants in the Bifocal + Atropine group had a lower 

proportion of female participants and more Asian participants than that of the two matched 

groups (Table 1).

The outcomes from the age-matched subgroups selected from BLINK had outcomes that 

were essentially identical to the BLINK study as a whole.9 This consistency supports the 

validity of the inter-study comparisons. Therefore, this article only reports the comparisons 
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between the Bifocal + Atropine group and the BLINK age-matched subgroups (Bifocal and 

Single Vision groups) and not the comparisons between the two BLINK subgroups.

Primary Outcomes

For the Bifocal + Atropine group, the mean myopia (mean value of right and left eyes) was 

−2.28 D at baseline and −2.75 D at 3 years, with a mean unadjusted progression of −0.47 D 

(95% CI, −0.60 to −0.35). For the Bifocal group, myopia was −2.26 D at baseline and −2.82 

D at 3 years, with a mean unadjusted progression of −0.56 D (95% CI, −0.68 to −0.44). For 

the Single Vision group, myopia was −2.30 D at baseline and −3.37 D at 3 years, with a 

mean unadjusted progression of −1.08 D (95% CI, −1.23 to −0.92) (Figure 1A).

The 3-year adjusted (for baseline spherical equivalent, sex, race, age group, eye, and pair 

matching) mean myopia progression was −0.52 D (95% CI, −0.65 to −0.39) for the Bifocal 

+ Atropine group, −0.55 D (95% CI, −0.66 to −0.44) for the Bifocal group, and −1.09 D 

(95% CI, −1.24 to −0.95) for the Single Vision group. The difference in progression was 

0.03 D (95% CI, −0.14 to 0.21) between the Bifocal + Atropine versus Bifocal group and 

0.57 D (95% CI, 0.38 — 0.77) between the Bifocal + Atropine versus Single Vision group 

(Table 2).

Secondary Outcomes

For the Bifocal + Atropine group, the mean axial length was 24.37 mm at baseline and 24.67 

mm at 3 years, and the unadjusted elongation was 0.30 mm (95% CI, 0.23 — 0.36). For 

the Bifocal group, mean axial length was 24.31 mm at baseline and 24.70 mm at 3 years, 

and the unadjusted elongation was 0.38 mm (95% CI, 0.33 — 0.44). For the Single Vision 

group, axial length was 24.50 mm at baseline and 25.16 mm at 3 years, and the unadjusted 

elongation was 0.67 mm (95% CI, 0.60 — 0.73) (Figure 1B).

The 3-year adjusted axial elongation was 0.31 mm (95% CI, 0.25 — 0.37) for the Bifocal + 

Atropine group, 0.39 mm (95% CI, 0.34 — 0.44) for the Bifocal group, and 0.68 mm (95% 

CI, 0.61 — 0.74) for the Single Vision group. The difference in axial elongation was −0.08 

mm (95% CI, −0. 16 to +0.002) between the Bifocal + Atropine versus Bifocal group and 

−0.37 mm (95% CI, −0.46 to −0.28) between the Bifocal + Atropine versus Single Vision 

group (Table 2).

At the final visit, the mean high-contrast distance logMAR visual acuity was significantly 

different between the three groups (P = .017; Table 2). Specifically, the high-contrast 

distance logMAR visual acuity for both the Bifocal + Atropine group (−0.06) and the 

Single Vision group (−0.06) was significantly better than the Bifocal group (−0.03), but the 

difference was less than 2 letters (i.e., not clinically meaningful). The Bifocal + Atropine 

group was not significantly different from the Single Vision group for the high-contrast 

distance logMAR visual acuity. Similarly, the mean high-contrast near logMAR visual 

acuity was significantly different between the three groups (P < .01). The high-contrast near 

logMAR visual acuity for both the Bifocal + Atropine group (−0. 13) and the Single Vision 

group (−0.11) was significantly better than the Bifocal group (−0.07), but the difference was 

no more than 3 letters. The Bifocal + Atropine group was not significantly different from the 

Single Vision group for the high-contrast near logMAR visual acuity. The mean low-contrast 
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distance logMAR visual acuity was also significantly different between the three groups (P 
< .01). The low-contrast distance logMAR visual acuity for the Single Vision group (0.07) 

was significantly better than both the Bifocal + Atropine group (0.12) and the Bifocal group 

(0.11), but the difference was again less than 3 letters. The Bifocal + Atropine group was not 

significantly different from the Bifocal group for the low-contrast distance logMAR visual 

acuity.

At the baseline, the pupil sizes were not significantly different between the three groups for 

under either photopic (P = .96) or mesopic conditions (P = .41). At the final visit, the mean 

photopic pupil size was 5.10 mm for the Bifocal + Atropine group, which was significantly 

larger than the 4.75 mm for the Bifocal group (P < .01) and the 4.87 mm for the single 

vision group (P = .04). However, the mean mesopic pupil size was not significantly different 

between the three groups (P = .25).

At the baseline, the accommodative lag in the Bifocal + Atropine group was −1.44 D (95% 

CI: −1.60 to −1.27), which was not significantly different from −1.31 D of the Bifocal 

group (95% CI: −1.52 to −1.11; P = 0.33), but significantly greater than −1.00 D of the 

Single Vision group (95% CI: −1.18 to −0.82; P < .01). However, at the final visit, the 

accommodative lag in the Bifocal + Atropine group was −0.86 D (95% CI: −1.03 to −0.70), 

which was not significantly different from −1.09 D of the Single Vision group (95% CI: 

−1.21 to −0.97; P = .07), but significantly less than −1.32 D the Bifocal group (95% CI: 

−1.56 to −1.08; P < .01). The accommodative lag in the Bifocal + Atropine group at the final 

visit was significantly less than baseline by 0.59 D (95% CI, 0.37 — 0.81; P < .01).

The self-reported contact lenses wear time (hours per day) was significantly longer for the 

Bifocal + Atropine group (12.7 ± 2.4) compared to the Bifocal (11.8 ± 3.2) and Single 

Vision (11.9 ± 3.2) groups (both P < .01). The average atropine use in the Bifocal + Atropine 

group reported by their parents was 6.4 ± 0.2 days/week at year-1 visit, 6.2 ± 0.2 days/week 

at year-2 visit, and 6.3 ± 0.2 days/week at year-3 visit (P = .91).

The percentage of participants who progressed −1.00 D or more over 3 years was 17.4% 

(95% CI, 10.9%−26.6%) for the Bifocal + Atropine group, 15.2% (95% CI, 8.4% – 22.9%) 

for the Bifocal group, and 47.8% (95% CI, 37.8% – 58.0%) for the Single Vision group 

(Table 2). The percentage was significantly different between the Bifocal + Atropine and 

Single Vision group (P = .002), but not significantly different between the Bifocal + 

Atropine and Bifocal group (P = .67). The percentage of participants who had eye growth 

more than 0.36 mm over 3 years was 39.1% (95% CI, 29.7% – 49.5%) for the Bifocal + 

Atropine group, 50.0% (95% CI, 38.8%-59.1%) for the Bifocal group, and 84.8% (95% 

CI, 74.7% – 89.9%) for the Single Vision group. The percentage was significantly different 

between the Bifocal + Atropine and Single Vision group (P < .01), but not significantly 

different between the Bifocal + Atropine and Bifocal group (P = .35).

DISCUSSION

In this 3-year non-randomized clinical study, the results indicate that combining 0.01% 

atropine with soft multifocal contact lens wear failed to demonstrate slower myopia 

Jones et al. Page 8

Optom Vis Sci. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



progression or eye growth than using multifocal lenses alone, but both the combination 

treatment and soft multifocal contact lens treatment slowed myopia progression and eye 

growth significantly more than single vision contact lenses.

Previous studies have shown that both orthokeratology and soft multifocal contact lenses 

can slow myopia progression, possibly due to the peripheral myopia defocus that provides 

inhibiting signal for slowing axial elongation.32–36 It has also been shown that combination 

treatment of orthokeratology and low dose atropine can be more effective compared 

to using orthokeratology alone.21,23–25 Two meta-analyses21, 22 showed that combining 

orthokeratology and low dose atropine slowed axial elongation by about 0.09 mm compared 

to orthokeratology alone, which was similar to the amount of slowing axial elongation (0.08 

mm) by the combination treatment versus using soft multifocal contact lens alone in the 

BAM Study, although the difference was not statistically different (P = .054). Slowing axial 

elongation by 0.1 mm corresponds to slowing myopia progression by about 0.25 D, which 

is not clinically meaningful. Considering the effort of daily administration of atropine, a 

combination treatment of low dose atropine with optical intervention may not be warranted 

when the optical intervention by itself is almost as effective in slowing myopia progression. 

Kinoshita et al. found that the effect of slowing axial elongation through combination 

treatment of 0.01% atropine and orthokeratology was influenced by the subjects’ initial 

refractive error.24 In contrast, the BAM Study showed that interaction between baseline 

refractive error and axial elongation was not significant (P = 0.79), indicating that the 

initial refractive error did not have an impact on the myopia control effect of combination 

treatment of 0.01% atropine and soft multifocal contact lenses.

A plausible explanation of why the combination treatment was not better than using soft 

multifocal contact lens alone is the relatively low concentration of atropine used in the BAM 

Study. The Low-Concentration Atropine for Myopia Progression (LAMP) Study suggests 

that low-concentration atropine slowed myopia progression in a dose-dependent manner, 

with 0.05% being more effective compared to 0.01%.13 The concentration of atropine used 

in the BAM Study was 0.01%, which might be too weak of a dose for evaluation of 

combination therapy. Another factor that should be considered is compliance for contact lens 

wear and atropine use were both evaluated through self-report in this study. It is possible that 

the participants/parents may have overestimated their compliance.

The BAM Study found that after receiving combination treatment of +2.5-Add soft bifocal 

contact lenses and 0.01% atropine for 3 years, the Bifocal + Atropine group had slightly 

better high-contrast distance and near logMAR visual acuity compared to the Bifocal group 

and worse low-contrast distance logMAR visual acuity compared to the Single Vision 

group, although none of the differences was clinically meaningful. The BLINK Study 

reported that children wearing +2.50-D add power contact lenses had worse low-contrast 

distance visual acuity compared to those wearing single vision contact lenses (similar 

to the BAM Study, the difference was not clinically meaningful), but the high-contrast 

distance and near visual acuity was not significantly different between the two groups.9 

The LAMP (Low-Concentration Atropine for Myopia Progression) and ATOM2 (Atropine 

for the Treatment of Myopia 2) Study found that high-contrast visual acuity was not 

affected by low-concentration atropine (low-contrast visual acuity was not evaluated in 
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these two studies).13,14 Two other studies that used a combination treatment of atropine 

and orthokeratology also found that low dose atropine did not impact the outcome of 

high-contrast visual acuity (neither study reported results of low-contrast visual acuity).24,25

The BAM Study found that the pupil dilation under photopic condition was modest (less 

than 0.36 mm) in the Bifocal + Atropine group compared to the Bifocal group and single 

vision group (the mesopic pupil size was not significantly different between the three 

groups), which is consistent with findings in previous studies that involved atropine for 

myopia control.13,14,25 The LAMP Study reported a dose-dependent response in pupil 

size when treating myopia using atropine with different concentrations,13 and Tan et al. 

found that adding atropine to orthokeratology resulted in modest pupil dilation compared to 

orthokeratology alone.25

Previous studies showed that low-concentration atropine had a minimal impact on 

accommodation.13,14,25 The BAM Study found that after 3 years of combination treatment 

with +2.5-Add soft bifocal contact lenses and 0.01% atropine, the amount of accommodative 

lag in the Bifocal + Atropine group decreased by 0.59 D compared to baseline, which was 

a surprising finding. It’s possible that the reduction of accommodative lag was a result of 

participants changing their accommodative behavior toward a preference for the distance 

zone of the soft multifocal contact lenses.

Limitations

The BAM Study was supported by a K23 Mentored Patient-Oriented Research Career 

Development Award through the National Eye Institute, which does not allow randomized 

clinical trials. As a result, a historical control comparison was made between the BAM 

Study group and the +2.50 Add group and the single vision group from a historical study. 

Utilizing an age-matching process that was masked to the outcome and conducting identical 

study protocols reduced the potential for bias, but is not as strong of a study design as a 

randomized clinical trial. Although including an additional monotherapy treatment group of 

atropine only would have been interesting, that was not part of the study question to be 

answered.

CONCLUSIONS

The results of this non-randomized study do not support a combination treatment using 

0.01% atropine and soft multifocal contact lenses with high add power to slow myopia 

progression in children.
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Figure 1. 
Unadjusted mean (SD) myopia progression (A) and axial elongation (B) of the two eyes 

from baseline.
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