A randomised clinical trial to assess the effect of a dual treatment on myopia progression: The Cambridge Anti-Myopia Study
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Abstract

Purpose: To evaluate the effect of a dual treatment modality for myopia, by improving accommodative functions, on myopia progression.
Methods: A double blind randomised control trial was conducted on 96 subjects. The treatment modality for the trial employed custom designed contact lenses which control spherical aberration in an attempt to optimise static accommodation responses during near-work, and a vision-training programme to improve accommodation dynamics. Myopia progression was assessed over a 2 year period using cycloplegic autorefraction and biometry.
Results: The mean progression was found to be -0.33D over the 2 years of the study. There was no interaction between contact lens treatment and vision training treatment at 24 months (p=0.72). There was no significant treatment effect of either Vision Training or Contact Lens Spherical Aberration control on myopia progression.

Conclusions: This study is unable to demonstrate that the progression of myopia can be reduced over a 2 year period by either of the 2 treatments aimed at improving accommodative function. Neither treatment group (contact lens or vision training) progressed at a slower rate over the 2 years of the study than did the appropriate control group. 
Introduction

The prevalence of myopia is on the increase in some populations.1-3 Both environmental and genetic factors are likely to be involved.4,5 Abnormal accommodation function has been identified as myopigenic, possibly by producing hypermetropic retinal image defocus.5-7 Mutti et al.8 suggested that myopia produces the accommodative abnormalities possibly due to an effect of eye growth on the ciliary apparatus. Alternatively, some of the anomalous accommodative factors may be related to the low sensitivity to blur exhibited by myopes, and may still be myopigenic.9
Attempts to arrest myopia progression in children using multifocal spectacles have met with limited success.10-12 The COMET study12 showed that multifocal lenses slowed myopia progression during the 1st year but not thereafter. Unfortunately no information was gathered about the effect of the multifocals on accommodation through the study.
We have shown that both a short13 and relatively longer term14 reduction in lag of accommodation can be produced when customized contact lenses are used to induce controlled amounts of negative spherical aberration in young myopic individuals. Gambra et al.15 also demonstrated a reduction in the lag of accommodation with induced negative spherical aberration and an increase with induced positive spherical aberration and coma.
Reduced accommodative facility is associated with both myopia16-18 and myopia progression.7 Accommodative response times to step stimuli are longer in myopia.19 Increased lag of accommodation and reduced accommodative facility are independently associated with myopia progression in young adults.7 Accommodative functions can be improved through vision training20-25 however we could find no robust placebo-controlled studies that assessed the effectiveness of vision training on reducing myopia progression.

The Cambridge Anti-Myopia Study is designed to evaluate a dual treatment modality for myopia by improving the two accommodative functions identified as being independently associated with myopia progression.7 The study uses aberration controlled contact lenses to reduce the lag of accommodation13,14 and vision training to improve accommodative facility.14,26 We hypothesise that these interventions will reduce myopia progression, so the main outcome measures of our study are the progression of myopia assessed by cycloplegic auto-refraction, and axial length increase determined by partial coherence inferometry. In addition, the study aims to understand the interaction between accommodative function and myopia progression. Because of the great complexity of the data-set collected, and the statistical analysis needed to locate factors associated with myopia progression, the data from the Cambridge Anti-Myopia Study is presented in two separate papers. This paper reports the results of the clinical trial on myopia progression.
Methods

The treatment modality for The Cambridge Anti-Myopia Study employs custom designed contact lenses which control spherical aberration in an attempt to optimise static accommodation responses (i.e. reduce the lag of accommodation) during near-work, and a vision-training programme to improve accommodative facility. A factorial trial design was used to test the efficacy of the two independent treatments simultaneously. Participants were allocated to one of four treatment groups: 

1, altered spherical aberration and vision training;

2. vision training only;

3. altered spherical aberration only;

4. no change to spherical aberration and no vision training.

Study Design

Participants

Participants were recruited over an eight month period and were in the age range of 14-22 years. Inclusion criteria for The Cambridge Anti-Myopia Study were:

· Age at enrolment: 14-22 years

· Spherical equivalent cycloplegic refractive error: -0.75 to –10.00 Dioptres
· Astigmatism: 0.75 Dioptres or less

· Log MAR visual acuity with spectacle correction: 0.00 or better in each eye

· No heterotropia or uncompensated heterophoria (as assessed by cover test)

· Free of ocular pathology

· Free of systemic pathology which may affect myopia progression

· Zero or positive ocular spherical aberration at distance

· Able and willing to wear soft contact lenses for the duration of the trial
· No previous participation in myopia control studies
Our sample size calculation was based on a previous study we conducted on a population similar to the older half of the target population of the present study,7 where myopia progression was -0.25D per annum on average with a SD of 0.3. For a treatment effect of 0.3D, p=0.05, power = 0.90, we needed a minimum cohort of 96 participants divided between treatment and control groups. We felt that a treatment effect of 0.30D would be clinically significant. We publicised the trial through UK public media. 

Two hundred and twenty volunteers attended a baseline assessment visit and 147 were suitable for enrolment into the study between May 2005 and February 2006. The remainder were excluded due to unsuitable refractive error, presence of negative spherical aberration, amblyopia, corneal pathology or unwillingness to proceed. A further five participants were unable to proceed due to inability to handle the contact lenses. Participants (and their care givers if applicable) were told the objectives of the project, and that they would be fitted with contact lenses for normal daily wear, but that they might or might not be getting the experimental treatment. A condition of enrolment was that the participant would accept any of the treatment modalities and that they would not know whether they were assigned to a treatment or control group during the course of the trial.
Participants gave informed consent for taking part in the study, which followed the tenets of the Declaration of Helsinki and was approved by the Anglia Ruskin University Ethics Committee.

Baseline spherical aberration data were collected from both eyes before cycloplegia and without a refractive correction in place. Data from the participant’s right eye were used for all analyses except accommodation measurements, which were taken from the left eye (occluded with an infra-red transmitting filter) while the right eye was viewing the target. The baseline levels of spherical aberration ranged from 0 to +0.225 μm. All measures of spherical aberration throughout the study were referenced to a 5-mm-diameter pupil. 

Allocation masking procedure

Participants were stratified according to age, gender, cylindrical refractive error and spherical refractive error as shown in Table 1. One experimenter, who was unmasked, allocated participants to groups. Participants were referred to this experimenter by others who were enrolling participants in the trial. The experimenter allocating participants did not take part in any of the masked measurements, and was available to look at treatment regimes with Vision Training, and clinical issues relating to contact lens aftercare. The masked experimenters had no information about the way individual participants were allocated to treatment groups, and remained masked for the duration of the study.

When a participant was the first (and third etc.) member of a block, they were assigned by coin-toss to the control or treatment groups, and the second (and fourth etc.) member of a block were assigned to the alternate group. Therefore, all participants wore contact lenses, either treatment or control, for the duration of the study. In order to mask the participants with regard to the treatment that they were getting, the participants were told that, in addition to wearing contact lenses, there were a range of possible things they might be required to do (including vision training), but this was not described in a way where they would see themselves as being in another treatment group or not for the purposes of the clinical trial. However, we did not have a placebo control for the vision training group.

We believe that these measures, together with the participant masking procedures effectively fulfil the CONSORT requirements for a double masked randomised clinical trial.27,28 
____________________________________________________________

Insert Table 1 about here

Treatment design

(a) Altered spherical aberration

Soft contact lenses were designed to alter ocular spherical aberration of each eye in addition to correcting the spherical equivalent axial refractive error. The front surface curvature was calculated using paraxial optics to correct the axial refractive error. The spherical aberration of the lens was manipulated by altering the eccentricity value of the front surface of the lens. The contact lenses were designed to alter the existing fourth order spherical aberration of the patient to -0.1μm (referenced to a 5-mm diameter pupil) while maintaining the appropriate paraxial correction. Theagarayan et al.13 demonstrated that altered spherical aberration can influence the slope of the accommodation response curve. This study showed that added positive spherical aberration significantly depressed the accommodative response slope, whereas, negative spherical aberration, at least up to -0.2 microns, enhanced it. The optimum improvement in the accommodative response slope was reached with (eye + contact lens) spherical aberration levels of -0.1 microns in an unaccommodated state. Spherical aberration of -0.1 microns for a 5mm pupil diameter will equate to 0.137D.mm-2 and therefore approximately 0.86D at the edge of a 5mm pupil when calculated using the following equation29: 
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In equivalent dioptric terms, spherical defocus of -0.11D would produce the same wavefront variance as -0.1 microns of spherical aberration when calculated using the following equation30:
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where M is the equivalent spherical defocus in dioptres, 
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 is the spherical aberration coefficient measured in microns, and the r is the pupil radius measured in millimetres.

The spherical aberration of the control group lenses was designed to have zero spherical aberration in the contact lenses regardless of the measured spherical aberration level of the eye.
A ray tracing program was used to calculate the required surface parameters of the contact lenses. These individually customized contact lenses were manufactured by UltraVision CLPL specifically for this study. All lenses were made of 58% HEMA based material. The contact lenses were fitted such that the movement on blink was approximately 0.25mm. Because this small movement of the lens during blink is likely to induce transient coma-like aberration, the aberrations with these contact lenses were measured only after the lens settled in the centred position. The aberrations in the contact lenses were assessed by measuring the total aberrations of the eye after fitting the contact lens to the patient. Both the treatment and control group contact lenses were worn at least 10 hours per day.
(b) Vision training

The vision training regime consisted of lens flipper exercises 31 using a +2.00D/-2.00D flipper at 40cm. The participants were instructed to complete the training whilst wearing their contact lenses. The target was a grid of N6 sized letters. 

The participants were instructed to:

Use the block of letters provided for this exercise. Keep the page at approximately 40 cm and in good light.

Look at the first letter of the block through one side of the flipper, and try and make it clear and sharp.

As soon as it is clear, change to the other side of the flipper and make the next letter clear, as quickly as possible.

Keep flipping as soon as the letters become clear.

Do this exercise with the right eye only for 3 minutes, then the left eye only for 3 minutes, then both eyes together for 3 minutes.

Accommodative facility has been shown to be independently correlated with myopia progression.7 Accommodative facility training was used in CAMS following work by Allen et al.26 that demonstrated an improvement in accommodative facility rates, both at distance and near, following three sessions of 15 minutes near accommodative facility training on three consecutive days. The improvements in facility rates exhibited were analysed further, using objective data and showed an improvement in the time constants of accommodation and disaccommodation during distance and near fixation.

The exercises were performed for 18 minutes per day for up to six weeks. The purpose of the vision training program in The Cambridge Anti-myopia Study was to increase accommodative facility rates. The positive accommodative response times for distance facility have been shown to be significantly longer in myopia than in emmetropia.17 We have previously confirmed that the treatment for accommodative facility is effective. Both distance and near facility rates in the vision training treatment group improved significantly from the baseline values and significantly more than in the control group. Both the positive response times and the negative response times for distance and near accommodative facility were significantly shortened at 3 months when compared with the baseline visit.14 There was a wide range of baseline accommodative facility values hence a goal orientated approach was used. Participants were to continue with the vision training until a minimum value of 25 cycles per minute was achieved; this is an ambitious target considering normal values published by Zellers et al.32, however, were possible based on established normal values for dynamic accommodation responses.33 Participants were given verbal and written instruction for the vision training and kept a log of training sessions and achievement. The training was conducted at home with the log books checked for training compliance by an unmasked examiner. The participants were instructed to wear their contact lenses during vision training.

Procedures

Aberration measurement

The monochromatic wavefront aberration function of the eyes was measured using the Complete Ophthalmic Analysis System (COAS)  (Wavefront Sciences, Albuquerque, USA) with the participants viewing a distant target. Aberration measurements obtained from 3 consecutive readings over a pupil diameter of 5mm were averaged in the format recommended by the Optical Society of America.34
Subjective refraction

Subjective refraction was performed before cycloplegia to an accuracy of 0.12D. Trial lenses were placed in a trial frame at a vertex distance of 12mm. The starting point was the objective refraction obtained from the COAS aberrometer. The subjective monocular refraction included determination of the spherical power, cylindrical power and axis of the refractive error for both eyes. The end point criterion was the maximum plus power consistent with best visual acuity and was confirmed with the +1.00D blur test. The near point of convergence (using a linear target and measured in centimetres) and the amplitude of accommodation (using N5 print and measured in dioptres) were measured with the subjective refraction in place.

Accommodation Function Assessment

Details of these measurements can be found in Allen et al.14 In brief, accommodative response amplitudes were measured with an open field, infra-red Shin Nippon SRW 5000 auto-refractor.35,36  Measurements were obtained from the left eye which was effectively occluded with an infra-red transmitting filter (Kodak Wratten 88A), whilst the right eye viewed the targets. 

For each accommodative demand a series of five readings was taken from the left eye, and the average calculated. At baseline the accommodative stimulus values were adjusted to take account of ocular accommodative demand as the participants’ refractive errors were corrected with trial lenses.5 At all subsequent visits the participants wore their contact lenses, with any over-refraction corrected with trial lenses, during measurement of accommodative function. 

(a) Monocular accommodative response amplitude to targets in real space.

Targets were presented in real space at distances of 6.00m, 0.40m, 0.33m and 0.25m. For 6.00m, the target consisted of a row of 6/7.5 Snellen letters. For the remaining distances, the target consisted of a block of words of N5 size type. The targets were presented in order of decreasing distance.

(b) Accommodative convergence to accommodation response ratio. 

The subjective refraction of both eyes was placed in a trial frame for these measurements at baseline, and any over refraction placed over CAMS contact lenses at subsequent visits. Jiménez et al.37 showed no significant difference in accommodative response measured through lenses compared to contact lenses.  The Shin Nippon auto-refractor was used to measure the accommodative response amplitudes (from the left eye) while concurrent vergence measurements were taken using a near Howell-Dwyer phoria card, positioned at 0.33m. The participants were asked to view the numbers on the near Howell-Dwyer card keeping them clear at all times. A 6Δ base-up prism was then placed before the right eye to dissociate the eyes. Five consecutive measures of the accommodative response amplitude were made with the participants noting the position that the arrow from the top scale of numbers pointed to on the bottom scale of numbers at the time of measurement. The magnitude, to the nearest 0.5Δ and the direction of the heterophoria were recorded. The procedure was repeated using the near Howell-Dwyer card with supplementary lenses of power +2.00D, +1.00D, -1.00D and -2.00D added binocularly to the subjective refraction. With each change of lenses, the participant was asked to refocus the numbers on the tangent scale as accurately as possible. Since there is measurement error and resulting variability in both the accommodation and convergence tests when measuring the response AC/A ratio the slope of the principal axis was calculated.38,39
(c) Monocular accommodative facility

The accommodative facility was measured at 6.00m and 0.40m for the right eye only with semi-automated lens-flippers interfaced with a computer. The software incorporated a 60 second timer and recorded the time between the flips. Participants who were unable to clear the target during the 60 second testing time had a facility rate of zero recorded. The positive response time in this situation was recorded as 60,000ms, although the true positive response time may have been longer than this. No negative response time was recorded for these participants. During the measurement of distance and near accommodative facility the negative lens was always presented first.

Accommodative facility at 6m was measured using a Plano/–2.00D lens combination with the participant viewing 6/7.5 letters, while at 0.40m an N6 target was viewed through a flipper consisting of +2.00D/-2.00D lens combination. The effect of the negative lens on the target was demonstrated to the participants but no other training was given prior to measurement. Distance accommodative facility was measured before near facility.
Cycloplegic auto-refraction

The refractive error of both eyes was determined following cycloplegia with two drops of Tropicamide Hydrochloride 1% (Minims; Chauvin) in each eye at five minute intervals. Objective measurement was made with a Nidek AR600-A auto-refractor40 using a series of five readings per eye. The study protocol specified that the auto-refractor readings be obtained 25 minutes after the first drop of Tropicamide was instilled.

Cycloplegic ocular biometry

Ocular dimensions of both eyes were measured under cyloplegia using an IOL Master (Zeiss Humphrey, CA, USA). Five measurements of axial length were taken and the mean was calculated.

Data storage

Completed data records for each visit were stored securely and were not available to the masked examiners. Clinical care records contained no information regarding the treatment assignments or data from the baseline or follow-up visits. One unmasked examiner, who allocated vision training exercises, had access to data (apart from refractive error) from previous visits.

Schedule of visits

The schedule of visits is shown in Table 2 
______________________________________________________________

Insert Table 2 about here
Lens replacement
Contact lenses were replaced at least once a year for all participants. In most cases lenses were replaced more frequently than this. Criteria for replacement were: refractive error change of (0.25 or greater; lens loss or damage; clinical evidence of lens soiling.

Statistical Analyses

Two way Analysis of Variance (ANOVA) was used to assess whether there were any significant differences in the outcome measures including progression of myopia and axial length changes between treatment groups. 
Results

Table 3 shows the baseline characteristics of the participants in each of the 4 treatment groups. There were no statistically significant differences in any ocular characteristics between the 4 groups (p>0.05)
______________________________________________________________

Insert Table 3 about here
Clinical performance and compliance
Both high and low contrast acuities have previously been shown to be significantly better in the group wearing the contact lenses with negative spherical aberration (Rae et al.41). However, although there was a statistically significant improvement in visual acuity this improvement was too small in magnitude to be of clinical significance. All participants reported at least 10 hours of contact lens wear per day.
All participants in the Vision Training Treatment group reported that they completed the scheduled programme of vision training, and achieved their target facility rates. Where our measurements in the clinic revealed that their facility was below the target rate, they were asked to repeat the exercise regime again until their facility was again at the target rate.

Drop outs

Over the course of the trial 33% of participants dropped out of CAMS. Reasons for dropping out included dislike of the contact lens wearing modality (e.g. the lenses were not daily disposable), difficulty in travelling to data collection appointments and moving away from the trial centre. Some participants did not respond to invitations to follow-up appointments. There was no significant difference in the number of subjects who dropped out of the study from each treatment group (Chi square p=0.81) or in the gender of participants who dropped out (Chi square p=0.49).
Figure 1 shows a flow diagram depicting the passage of participants through CAMS. Only participants with a full dataset are presented.

______________________________________________________________

Insert Figure 1 about here

Overall outcomes of the trial on myopia progression
On average the mean spherical equivalent spectacle correction of our participants’ Right eyes progressed by -0.33D (SD 0.08D) over the 2 years of the study, the same as in the Left eyes. A two way ANOVA was used to check for interaction between the two treatment regimens and change in refraction. There was no interaction between contact lens treatment and vision training treatment at 24 months (F(1,113)=0.13 p=0.72). Hence it is possible to present data from the two treatments separately. The myopia progression in the various treatment groups at 6 months intervals over the 2 year trial are shown in Figure 2.

______________________________________________________________

Insert Figure 2 about here

There was no significant treatment effect of either Vision Training or Contact Lens Spherical Aberration control on myopia progression (p>0.05). 

Axial length increases are shown in Table 4. Axial length increased steadily over the 2 years of the study by 0.15mm (SD 0.14) in both Right and Left eyes, and the mean increases in the Right Eyes of each treatment group are shown in Table 4. There were no significant differences between axial length increases in the different groups.

______________________________________________________________

Insert Table 4 about here

The best fit regression equation between axial length increase and refractive error change was:

Error change (Dioptres) = -1.81 * axial length increase (mm) -0.0405, (r2=0.51). A 0.5mm axial length change would therefore result in a -0.96D change in refraction. This is comparable with other studies on myopic populations.42-45
Discussion

This study is unable to demonstrate that the progression of myopia can be reduced over a 2 year period by either of the 2 treatments aimed at improving accommodative function. Neither treatment group (contact lens or vision training) progressed at a slower rate over the 2 years of the study than did the appropriate control group. The progression rate in the present study was 0.33D over 2 years. 

It was hypothesised that an improvement in the accommodative response function with the dual treatment modality could produce a reduction in the myopia progression rate. Plainis et al.46 suggested that lag of accommodation may be influenced by the change in spherical aberration that occurs during accommodation. Several studies47-52 have examined the changes in both spherical aberration and other higher-order aberrations during accommodation with variable results, but in general have indicated that with increasing accommodative effort, spherical aberration tends to change from an initially slightly positive value towards a negative value. 

An early paper from CAMS showed that at the 3-month point the dual treatments (altering SA and vision training) used were effective in modifying accommodation, the static accommodative response to targets at real distances was increased by the altered SA contact lenses and rates of accommodative facility improved with vision training.14 This change in accommodative facility did not lead to any statistically significant changes in the rate of myopia progression perhaps due to the low rate of progression seen in this cohort. This paper reports the results of the clinical trial on myopia progression; we will report the results of accommodation changes and their relationship with myopia progression in an associated paper.

The participants’ mean age of about 16 years may explain the small myopic progression found in our study. Many studies select younger participants whose refractive errors are likely to change more rapidly.10-12 However, the participants in our previous study7, which served as a pilot study for this trial, demonstrated myopic progression of approximately double that of the participants despite being 3 years older. It is therefore quite possible for myopia to progress by clinically significant amounts in older participants. Interestingly, our study shows only a small drop in progression rate with age over the age-range of the study; the impact of age on myopia progression was only 0.03 D per year of age. So even for a difference in age of 5 years the difference in progression will be only 0.15D and therefore will not be clinically significant. Moreover, with older participants it would be reasonable to expect a higher amount of myopia to be present at baseline, however, when a Principal Component Analysis was applied to these data baseline spherical equivalent myopia was not significantly associated with myopic progression in this study (p>0.05) so there is no reason in the present study to think higher myopes should be treated as a separate group.  
We cannot entirely rule out the possibility that some accommodation therapy that improves the accuracy of focussing (either through contact lens application or vision training) may have had an effect on myopia progression, for three reasons. First, although our pilot study indicated that contact lenses with negative spherical aberration improved the accuracy of accommodation up to 1 hour after first wearing the lenses13 and that in the current investigation accommodative accuracy was maintained up to 3 months,14 it is possible that this improvement was not sustained over the whole of the 2 year period of the study, perhaps due to adaptation to the new levels of spherical aberration. There is some evidence that the visual system adapts to induced aberrations53,54 and previous longitudinal studies of progressive addition lenses for myopia control have demonstrated a greater treatment effect during the first year compared to the second year, indicating that treatment adaptation may take place.10,12,45
Second, vision training to improve accommodation dynamics may not have produced a sustained improvement in the treatment group in comparison to the control group. Siderov55 noted that even a few measurements of accommodative facility may improve facility rates, and it may be that our regular measurements of facility rate in controls was almost as effective at improving facility as was the full vision training regime.  In concordance with previous literature,20-25  the present study also shows that accommodative functions can be improved through vision training and if good compliance is established these improvements can be sustained over time. Scheimann et al.56 recently investigated the effectiveness of various forms of vision training in improving accommodative amplitude and facility in children with symptomatic convergence insufficiency and co-existing accommodative dysfunction. They reported an improvement in accommodative function in their treatment groups when compared to an office based placebo therapy. One year after the training reoccurrence of the accommodative problem had occurred in approximately 10% of their cohort.

Thirdly, variations in pupil size may have altered the levels of spherical aberration to which the participants were exposed. However, the groups’ mean pupil diameters were between 5.0 and 5.2 mm (Table 3) which means that the actual spherical aberration would have been very close to the expected levels. Individual participants with particularly large or small pupils would have been exposed to various levels of induced spherical aberration. For example, we would expect participants wearing the treatment contact lenses to experience -0.1µm of fourth-order spherical aberration referenced to a 5mm diameter pupil, but this would reduce to -0.04µm for a 4mm diameter pupil and increase to -0.2µm for a 6mm diameter pupil. These values approximate to -0.55D and -1.23D respectively of spherical aberration at the edge of the pupils (Equation 1). Therefore, the wearer would still experience negative spherical aberration compared to the control group. Since pupil size varies throughout the day due to different ambient lighting and the various tasks undertaken by the individual, the aberration correction provided by the contact lenses in the CL treatment group is unlikely to have remained consistent throughout the day. We cannot control these variations during the course of a clinical trial but it is expected that the participants would still have experienced negative spherical aberration of variable amounts depending on the pupil size, and this negative spherical aberration was expected to produce more accurate accommodation in these individuals.

Peripheral refraction of the eye might also be a factor influencing myopia progression.57 It is possible that the contact lenses used to alter spherical aberration might have influenced the peripheral refractive error of the eye and therefore have had some undesirable effects on this factor. Future studies controlling central and peripheral optical errors independently might be useful to understand these effects. It is also possible that peripheral refractive errors may play a more significant role in refractive error development than central optical quality.57 A recent study has shown significant changes in myopia progression when peripheral refractive errors are altered.58
In summary, our dual-treatment attempt to reduce myopia progression over a 2 year period did not show a reduction in the rate of progression of myopia in the treatment groups. While these treatment modalities were unsuccessful, this could have been because (a) of the age of the participants, (b) the treatment induced insufficient changes to accommodation or (c) the participants treatment adapted or (d) myopia progression remains unaffected by the changes in accommodation functions.
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