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Background: The predominant theory, underlying most optical myopia control interventions, is that relative peripheral hyperopic 
defocus (RPHD) is a cause of myopia progression. However, interventions that reduce RPHD only slow myopia progression on 
average by ~50%, so other factors are likely to be involved.
Objective: To explore the literature on accommodation and binocular coordination as possible factors in myopia development and 
progression.
Methods: PubMed was searched for relevant keywords in September 2025. Non-human and non-English reports were excluded.
Results: (1) Concerning myopia onset, the CLEERE study found changes in the interaction between accommodation and convergence 
(increasing AC/A ratio) from four years before myopia onset. This is thought to indicate compromised accommodation, supported by 
reduced positive relative accommodation before myopia onset in other longitudinal studies. (2) Regarding myopia progression, the 
magnitude of accommodative lag is not strongly correlated with rate of myopia progression. The validity of clinical measurements of 
accommodative lag has been questioned. Tests of eye alignment during near vision show a more convergent posture (esophoria) in 
some myopes around the time of myopia onset, probably secondary to increased AC/A ratio. If compromised accommodation and/or 
near esophoria are relevant to myopia progression, prescribing a near addition should be helpful. However, myopia control trials of 
bifocal and progressive addition lens spectacles show poor efficacy. Despite early indications of greater efficacy in cases with higher 
accommodative lag and/or near esophoria, poor treatment effects in this sub-group were subsequently found. Nonetheless, some 
individual cases with symptomatic convergence excess esophoria are likely to benefit from bifocal spectacles for symptomatic relief.
Conclusion: Although accommodative dysfunction seems likely to play some role in myopia onset, accommodative and binocular 
factors are unlikely to be major causal factors in myopia progression. An additive risk factor risk-resilience model is presented and 
suggestions are made for further research.

Plain Language Summary: Myopia (short-sightedness) has become much more common in recent years, and is predicted to affect 
half the world’s population by 2050. Treatments are available that slow the progression of myopia by approximately 50% on average, 
including special spectacle lenses, contact lenses, and eye drops. To better understand why these approaches are not 100% effective we 
need to know more about the various factors that may play a causal role in myopia. The purpose of this review is to assess the evidence 
for two such factors: the ability to focus close to (ocular accommodation) and to use the two eyes as a team (binocular coordination). 
The review reveals research that has found abnormalities in ocular accommodation several years before a child develops myopia. 
However, there is less evidence that myopia or binocular coordination play a role during myopia progression. A risk-resilience model 
of myopia is presented. This highlights various factors that may play a causal role in myopia and others that may protect some children 
against developing myopia. 
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Introduction
Background
In recent years, myopia has emerged as a serious public health issue, with a major impact on eye health and quality of 
life.1 Approximately one third of the world population are myopic and the prevalence is estimated to reach nearly 50% by 
2050, when approximately 1 billion people are likely to have high myopia.1 Myopia, especially high myopia, increases 
the risk of sight loss from ocular pathology2 and therefore there is considerable interest in myopia control interventions. 
As advocated by the International Myopia Institute, in this manuscript myopia control refers to interventions to slow 
myopia progression and/or associated axial elongation and myopia management describes the overall care that clinicians 
provide for myopic patients, including prevention and correction.3

The most commonly used contemporary myopia control interventions are atropine eye drops and optical interventions 
that provide, via a variety of approaches, additional plus power in the periphery of the lens.2 These optical interventions 
are designed to correct relative peripheral hyperopic defocus (RPHD), which is believed to be a factor in myopia 
aetiology.4 A reduction in contrast in the peripheral image is another possible mechanism.5,6 Optical interventions that 
correct RPHD are effective, typically slowing myopia progression on average by approximately 50%.7 Within the data 
from clinical trials there is considerable variation in individual responses.8–10 Therefore, other factors are likely to be 
involved in the aetiology of myopia and better understanding of these is essential for developing more comprehensive 
approaches to myopia control. For many years, ocular accommodation11 and binocular coordination12 have been 
suggested as other factors that may be involved in myopia aetiology.

Accommodation
Ocular accommodation can be assessed in various ways. The maximum accommodation that can be exerted is the 
amplitude of accommodation, typically measured using a target that approaches the eye or by introducing negative lenses 
until the patient reports blur.13 When negative lenses are used, measurements of the amplitude of accommodation must 
be carried out monocularly because if the patient fixates the target binocularly then the link between accommodation and 
convergence confounds the measurement.14 If negative lenses are added whilst the patient fixates on a target binocularly 
until blur occurs, the amount of accommodation that can be exerted is much less than the total amplitude and is called the 
positive relative accommodation (PRA). If positive lenses are introduced to relax accommodation under binocular 
viewing conditions, the maximum lens power that can be added indicates the negative relative accommodation (NRA).

Accommodative facility describes the ability to rapidly change accommodation. The accuracy of accommodation is 
indicated by accommodative lag, which is typically measured clinically by retinoscopy or in the laboratory with 
instruments that record the accommodative response.

If accommodative lag genuinely occurs (see Discussion), since the retinal image falls behind the retina hyperopic 
defocus will occur. The feedback loop hypothesis of myopia posits that in the presence of hyperopic defocus the eyeball 
grows, as if trying to move the retina towards the focal point of the eye, causing myopia.15 If accommodative lag persists, 
then the eye continues to elongate. According to this hypothesis, higher levels of accommodative lag cause increased 
hyperopic defocus leading to more rapid myopia progression.16 The evidence for this accommodative lag induced 
hyperopic defocus hypothesis has been described as equivocal at best, perhaps due to difficulties in the precise 
measurement of accommodative lag,17 as discussed later.

An alternative hypothesis relates to the finding that the act of accommodation results in transient increases in axial 
length.18,19 Schmid and Strang speculated that these transient changes might translate to permanent axial length 
increases, causing myopia progression.20

Cheng et al described the hypothesis that accommodative stress induces myopia progression and that relaxing 
accommodation would therefore inhibit axial elongation.17 These authors obtained data rejecting this hypothesis.

Another hypothesis attempts to link accommodation and intraocular pressure (IOP). Yan et al found that, compared 
with emmetropes, progressing myopes had a significant increase in intraocular pressure but only during ocular 
accommodation.21 They speculated that this may be related to myopia progression. A recent Mendelian randomisation 
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study did not find a direct causal link between IOP and the development of myopia,22 but there is some evidence of an 
increase in IOP with accommodation in progressing myopes.23

In a theoretical paper, Hargrave argued that the extraocular muscles play a role in ocular accommodation and in the 
aetiology of myopia.24 This opinion has received very limited support25 and does not seem to have received further 
consideration by myopia researchers.

Antimuscarinic agents (eg, atropine) slow myopia progression. Initially, the mechanism was thought to be by 
eliminating accommodation, but this was disproven.26 The precise mechanism is still unknown,27 although the recent 
finding of reduced accommodation induced biomechanical forces during atropine use has been suggested as a possible 
mechanism, together with increased near vision viewing distance.28 A review by Horn et al concluded that multiple 
mechanisms are likely to be involved.29

Excessive near vision, particularly at close viewing distances, can be a trigger for myopia.30 Queiros et al investigated 
whether the effect of accommodation on the pattern of peripheral refraction is atypical in myopia.31 In young adult 
myopes, they found similar changes in peripheral refraction for both myopes and emmetropes with accommodation, even 
to very close near targets. In contrast, like other authors they found that for their most distant target (2 m), in the temporal 
retinal periphery there is hyperopic defocus in myopes (when wearing spectacle correction) compared with myopic 
defocus in emmetropes. The findings of this study support the RPHD theory but do not support theories directly 
implicating accommodation in myopia aetiology. A recent review argued that colour vision mediates hyperopic defocus 
signals and accommodative lags to facilitate myopia, but noted the need for further research.32

Nowadays, hypotheses implicating accommodation in myopia aetiology are a minority view and the RPHD hypoth
esis appears to be predominant. Nonetheless, there is a growing acceptance that the RPHD hypothesis cannot fully 
explain myopia onset and progression. Myopia aetiology is likely to be multifactorial so that, in addition to genetic 
factors, there are probably several mechanisms contributing to the development and progression of myopia, considered 
further in the Discussion.33 The first aim of the present review is to re-evaluate the evidence concerning the possible role 
of accommodation in myopia development and progression.

Binocular Coordination (Binocular Vision)
The term binocular coordination is used here to describe the ability of the eyes to work together as a coordinated team. In 
normal binocular coordination, the eyes are directed at the object of regard. For about two percent of the population the 
eyes are misaligned (strabismus).31 Most people with normal binocular alignment (no strabismus) have, during near 
vision, a latent tendency for the eyes to turn outwards (exophoria). Less commonly, the opposite is observed, an 
esophoria.

Good near vision requires both accommodation and convergence and these functions are linked.14 It is possible that in 
some individuals the visual system over-stimulates accommodation in an attempt to overcome a high accommodative lag, 
and excessive innervation to the accommodative system triggers excessive convergence, resulting in esophoria. 
Conversely, a patient with an esophoria that is causing symptoms may relax their accommodation to cause an associated 
reduction in convergence to reduce the esophoria. In this scenario, the esophoria may lead to excessive accommodative 
lag.14 The relationship between accommodation and convergence is quantified by the accommodative-convergence to 
accommodation (AC/A) ratio. This is the amount of convergence that is induced by each dioptre of accommodation. The 
second aim of this review is to evaluate the evidence concerning the possible role of binocular coordination in myopia 
development and progression.

A scoping review is considered appropriate to address the aims for the following reasons. The review seeks to 
determine the scope of a broad body of literature, including different types of evidence, to identify and analyse 
knowledge gaps.34 Rather than addressing a specific intervention the review seeks to explore a broad range of literature.35 

For example, the review includes clinical trials, observational studies, laboratory studies, and theoretical papers.

Methods
The review protocol was not pre-published. A PubMed search was carried out for the terms in Table 1, first on 26 
October 2024 and last updated on 7 September 2025. After duplicates were removed, all publications were screened for 

Clinical Ophthalmology 2025:19                                                                                                   https://doi.org/10.2147/OPTH.S567456                                                                                                                                                                                                                                                                                                                                                                                                   4667

Evans et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



relevance by title and abstract. Additional references were identified from article reference lists and the authors’ 
bibliographies. Full reports were studied, and selection criteria applied (Table 1). A supplementary search was carried 
out for papers with “heterophoria” in the title and “myopia” in any field.

In view of the broad research questions and wide range of literature considered (eg, clinical trials, observational 
studies, laboratory studies, theoretical papers) a standardised data charting form was not appropriate. Instead, all 
manuscripts were reviewed for relevant information. The key tools used in handling and synthesizing results were 
Endnote and Microsoft Excel.

Non-human studies were excluded because reviews of animal work36 reveal differences between species in the 
relationship between accommodation, binocular coordination, and myopia.20,36

Results
Literature Search
The output of the literature search is summarised in Figure 1. Most research has studied early (juvenile; aged under 18 
years)37 onset myopia rather than late (adult) onset and this review refers to early onset myopia unless otherwise stated. 
The literature was divided into that relevant to myopia onset and to myopia progression.

Myopia Onset
Accommodation
A summary paper by Schmid and Strang20 reports reasonable agreement that higher lags of accommodation occur in 
some groups of progressing myopes,38,39 especially with challenging stimulus conditions, but consider that it is less clear 
whether higher lags of accommodation occur in emmetropes who go on to develop myopia. In adults, Rosenfield et al 
found that emmetropes who went on to develop myopia had significantly lower accommodative lag than young adults 
who remained emmetropic or were myopic already.40 These authors stressed that they measured accommodative function 
under natural viewing conditions (ie, the usual proximal, convergent, and blur-driven cues to accommodation were 
present) and that this may account for opposite results in other studies.

To determine the optometric functions involved in the development of myopia, the strongest research design is a 
longitudinal study, where large groups of non-myopic children are tested and followed over time to determine, when 
some children become myopic, which optometric parameters best predict the development of myopia. An early study that 
took this approach, Goss, was a retrospective review of clinical records from four optometry practices.41 PRA was 
significantly lower in the children who went on to become myopic than in those who remained emmetropic.

Goss and Jackson reported a longitudinal study of a cohort of initially emmetropic children who were examined for 
three years.42 Lag and amplitude were not reported, but the mean PRA was significantly lower in the group who became 
myopic. Measurements were taken with patients viewing through their refractive corrections, so this finding is likely to 
be accurate.

A key longitudinal study is the Collaborative Longitudinal Evaluation of Ethnicity and Refractive Error (CLEERE) 
study, which started as the Orinda Longitudinal Study of Myopia. This tested a large population of children from age 6 
years. The first paper that reported on accommodation, Mutti et al, found that increased accommodative lag occurred in 
children only after the onset of myopia.43 It was concluded that increased hyperopic defocus from accommodative lag 
may be a consequence rather than a cause of myopia.

Table 1 Search Terms Used in Literature Search

Search Terms (Any Field) Inclusion Criteria Exclusion Criteria

“Myopia onset” AND accommodation 
“Myopia progression” AND 
accommodation 
“Myopia onset” AND binocular 
“Myopia progression” AND binocular

Relevant to topic. 
Conclusions supported by methods and 
analyses.

Non-human studies. 
Non-English reports and abstract only, unless abstract gives adequate 
information.
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A later paper on the CLEERE study by Zadnik et al evaluated 13 candidate risk factors for their ability to predict the 
onset of myopia.44 In multivariate models, eight factors retained an association with the risk of myopia onset: spherical 
equivalent refractive error at baseline, parental myopia, axial length, corneal power, crystalline lens power, AC/A ratio, 
horizontal/vertical astigmatism magnitude, and reported near vision activity. Accommodative lag was not found to be a 
significant predictor of myopia development, even in univariate models.

Mutti et al reported further analysis of the CLEERE study, concentrating on the AC/A ratio in 698 children who went 
on to become myopic compared with 430 children who remained emmetropic.45 The mean response AC/A ratio was not 
significantly different between the two groups five years before myopia onset, but four years before onset it was 
significantly higher in those who subsequently became myopic (Figure 2). The mean AC/A ratio then increased 
monotonically in children who became myopic until reaching a plateau at myopia onset of ~7 PD/D compared to ~4 
PD/D for children who remained emmetropic (p < 0.01). A higher AC/A ratio was associated with greater accommo
dative lag but not with the rate of myopia progression regardless of the level of near work. The authors conclude that an 
increasing AC/A ratio appears to play a role in the process of becoming myopic, although they note that nothing predicts 
myopia better than a child’s current low hyperopic or emmetropic refractive error. The authors hypothesise that the 
increase in AC/A ratio results from compromised accommodation requiring an increased neural effort per dioptre of 

Figure 1 PRISMA flowchart of paper selection.
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accommodation. Interestingly, RPHD only started to differ significantly between the groups two years before myopia 
onset in contrast to four years for the AC/A ratio.

The WEPrOM longitudinal study in China found that the predictors of myopia included lower PRA, less hyperopic 
refractive error, longer axial length, and female sex.46 The first two of these were the top single predictors. The authors 
suggest that reduced accommodative functions may be associated with difficulty in increasing blur-driven accommoda
tion in pre-myopes. A later study by this group found that low PRA at baseline (mean age 7.8y) had a moderate predictor 
power for myopia onset at mean age 11.7 years (area under the receiver-operator curve, 0.59). The authors considered 
that reduced ability to accommodate at close distances for prolonged periods of near work may be linked to myopia 
onset.

The third major prospective longitudinal study is the Lhasa Childhood Eye Study.47 This evaluated the habitual 
accommodative tone (HAT), defined as the difference between non-cycloplegic and cycloplegic automated refraction. 
The authors argue that HAT describes long-term, age-related changes of habitual accommodative tone. For hyperopic 
children, the HAT was significantly associated with the incidence of myopia over two years indicating that lower HAT 
was potentially associated with myopia development. The authors noted that further research is required to determine 
whether the reduction in HAT is a consequence of the eye tending toward myopia or the cause of it.

Sun et al also studied the difference between non-cycloplegic and cycloplegic spherical equivalent refraction (SER).48 

These authors concentrated on cases for whom non-cycloplegic SER was −0.50D or worse and cycloplegic SER was 
better than −0.50D, which was considered to represent pseudo-myopia or over-accommodation (cyclospasm).14 A total of 
2328 children were followed for six months. After adjusting for multiple myopia risk factors, including baseline 
cycloplegic SER, near work and time outdoors, pseudo-myopia was found to be an independent risk factor for myopia 
onset. Pseudo-myopic children with a higher amplitude of accommodation had an increased risk of myopia development. 
A limitation of this study48 is that the pseudo-myopia and over-accommodation could in some cases have been an artefact 
from testing with autorefractors (instrument myopia). This view is supported by normal uncorrected visual acuity in over 
80% of the pseudo-myopia group.

Binocular Coordination
The study described above by Goss,41 found that the mean near heterophoria was low esophoria in children who went on 
to become myopic, but was low exophoria in those who remained emmetropic.

The longitudinal study by Goss and Jackson found that the near heterophoria was more convergent (more eso/less 
exo) in the group who became myopic, who demonstrated an eso-shift (a decrease in exophoria or increase in esophoria) 

Figure 2 The response AC/A ratio as a function of annual visit relative to the onset of myopia (−5 years before to +5 years after onset, which is designated as visit 0). Data 
are from children who became myopic (solid squares) and from emmetrope model values (clear circles). All error bars are ± standard error of the mean. Error bars for the 
emmetrope model values are smaller than the symbols. *Significant differences between groups (p < 0.01). Reproduced from Mutti et al45 under Creative Commons Licence.
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over time.49 There were also proportionately more cases of high exophoria in the group that became myopic, causing the 
authors to comment that a near heterophoria that is not close to orthophoria appears to be a risk factor for youth onset 
myopia. This study also found an eso-shift in the midpoint of the near fusional reserve range (zone of clear binocular 
single vision).42

In the CLEERE study (described above), the proportion of children with near esophoria increased among those who 
became myopic compared to children who remained emmetropic.45 This was consistent with the main finding of the 
study, increasing AC/A ratio during a period of stable accommodative lag for several years before the onset of myopia. 
Multivariate analysis indicated that the near esophoria may be driven more by the AC/A ratio than the level of 
accommodative lag.

Myopia Progression
Accommodation
Accommodative Function in Individuals with Myopia 
Table 2 summarises research on accommodative function in individuals with myopia. Particularly instructive studies are 
elaborated below the table.

Table 2 Summary of Research Evaluating Relationship Between Accommodative Function and Myopia

Authors Population Accommodative 
Variable

Findings

Gwiazda et al (1993)50 Myopic v. emmetropic children Response Myopes under-accommodate on near targets and markedly under- 
accommodate to minus lenses.

Jensen (1995)51 Progressing myopic children Amplitude Over 2 y, amplitude of accommodation is not an individual predictor of 
developing high myopia.

Abbott et al (1998)52 Myopic v. emmetropic adults Response Reduced in myopes.

Rosenfield et al (2002)40 Myopic v. emmetropic young 
adults

Lag No relationship under binocular viewing.

Gwiazda et al (2004)53 Myopic children in COMET 
study control group (see later)

Myopia progression Those with high accommodative lag (≥+0.43D) had significantly greater 
progression over 3 years than those with lower lag (<0.43D).

Lu et al (2004)54 Myopic v. emmetropic adults AC/A ratio Higher in myopes.

NRA No significant differences.

PRA Lower in myopes.

Seidel et al (2005)55 Early and late onset myopes v. 
emmetropes

Static and dynamic 
response

No significant differences under natural viewing conditions.

Wang and Wang (2006)56 Stable late onset myopes 
(LOM) v. progressing LOM v. 
emmetropes

Response Lower in stable and progressing LOM.

AC/A ratio Higher in progressing myopes.

NRA No significant differences.

PRA Lower in LOM.

Allen and O’Leary (2006)57 Myopic v. non-myopic young 
adults

Lag Predictor of myopia progression (see later).

Facility Predictor of myopia progression (see later).

AC/A Not a predictor.

Pandian et al (2006)58 Myopic v. emmetropic v. 
hyperopic children

Facility Distance facility worse in myopes (but measured without refractive 
correction).

Wang and Wang (2006)56 Late onset myopes AC/A Response AC/A ratio linked to myopia progression.

Lundstrom et al (2009)59 Myopic v. emmetropic young 
adults (small N)

Defocus profile 
across retina

With accommodation, emmetropes show increased relative peripheral 
myopia, myopes do not.

Berntsen et al (2011)16 Myopic children (CLEERE 
study)

Lag Lag not associated with myopia progression.

(Continued)
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Gwiazda et al measured accommodative responses with an autorefractor in myopic and emmetropic children.50 

Myopic children accommodated significantly less (increased lag) than emmetropic children for real targets at near 
distance, and much less for blur induced by minus lenses. However, with positive lenses, requiring relaxation of 
accommodation, there was no significant difference between the groups. The researchers concluded that blur is not an 
effective stimulus for accommodation in myopic children.

In young adults with progressing myopia, Rosenfield et al found no evidence of a relationship between accommo
dative lag and myopia progression.40 These authors stressed that they measured accommodative function under natural 
viewing conditions, with the usual proximal, convergent, and blur-driven cues to accommodation all present.

Seidel et al noted that previous research had found progressing myopia to be associated with abnormal accommo
dative dynamics, including accommodative microfluctuations.55 They found it surprising that myopes do not report 
symptoms from these problems and noted that previous research had been carried out under artificial experimental 
conditions of viewing targets monocularly and not in free-space. Like Rosenfield et al,67 Seidel et al investigated 
accommodation under natural conditions and found no significant differences in the accuracy of static and dynamic 
accommodation responses among emmetropes, early onset myopes, and late onset myopes.

Allen and O’Leary found accommodative lag and accommodative facility (but not AC/A ratio) to be predictors of 
myopia progression.57 Allen and O’Leary noted that both these factors affect retinal defocus. However, there was 
considerable scatter in the relationships.16

Sreenivasan et al investigated the retinal image quality during accommodation in adult myopic eyes.61 These authors 
used binocular viewing, creating the more natural viewing conditions recommended by Rosenfield et al.40 Sreenivasan 
et al found increased accommodative lag in myopes compared with emmetropes, but noted that acuity was not 
measurably worse in myopes. The authors proposed three explanations. First, they found higher positive spherical 
aberration in myopes which is likely to provide increased depth of focus. This could reduce sensitivity to retinal image 
blur, allowing the accommodative system to exert the minimum necessary accommodation to bring the target into focus. 
Second, other researchers have found increased adaptation to blur in myopes, probably from habitual adaptation to 
uncorrected blur. A third explanation relates to larger than usual accommodative micro-fluctuations in myopes. There 
may be a burst of accommodative effort just long enough to clear the image even in the presence of significant 
accommodative lag.

Table 2 (Continued). 

Authors Population Accommodative 
Variable

Findings

Berntsen et al (2012)60 Myopic children (STAMP study) Lag Lag not associated with myopia progression.

Sreenivasan et al (2013)61 Myopic v. emmetropic adults Lag Increased lag in myopes (see later).

Koomson et al (2016)62 Myopic children Lag Lag not associated with rate of myopia progression.

Mutti et al (2017)45 Children (CLEERE study; 
longitudinal)

AC/A No association between the AC/A ratio and the rate of myopia 
progression.

Labhishetty and Bobbier63 Myopic and emmetropic 
children (small N)

Lag, main 
sequence*, AC/A, 
dynamics

Myopic children have larger lags that increase with demand and high AC/A 
ratio; but normal main sequence, and dynamics (latency, response time, 
etc).

Chen et al (2020)64 Myopic children Lag 
Facility

Rate of myopia progression not associated with lag or facility (both 
measured monocularly).

Meyer et al (2025)65 High myopes aged 13–32 y Lag Higher lag associated with higher myopia.

Singh and Kolbaum (2025)66 Myopic v. emmetropic children Lag (hyperopic 
defocus)

Myopes experience a greater increase in lag with nearer targets than 
emmetropes. Both groups experience increasing lag with near viewing up 
to one hour.

Notes: *The main sequence of accommodative response is the relationship between peak velocity and amplitude of accommodative response. N, number of participants.
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Schmid and Strang20 reviewed research on differences in accommodative response between myopes and emmetropes 
since their 1998 study.52 Like Rosenfield et al,40 they note that in general, studies have shown higher accommodative lags 
in myopic children, but have used artificial conditions of viewing monocularly through an optical lens system.

Labhishetty and Bobbier compared six myopic with six emmetropic children, aged 8–13 years, under monocular 
viewing conditions.63 Myopic children typically exhibited significantly larger response lags that increase with demand 
but their main sequence relationship was similar to emmetropes. Other dynamic characteristics such as latency and 
response time were not different between the two refractive groups for both accommodation and relaxation of 
accommodation. The authors considered models of accommodative function, proposing that the reduced blur sensitivity 
seen in myopic children is compensated by a motor recalibration wherein the gain of the accommodative convergence 
crosslink is increased. They noted that a larger gain of the crosslink would be necessary to maintain sufficient levels of 
vergence given the reduced accommodation.

A study by Labhishetty et al in 2021 is not specifically about myopia but raises important questions about the 
consensus view, that accommodative errors (lags and leads) are a by-product of the accommodative system changing 
state only by as much as is required to bring an image into acceptable focus.68 These authors note that this view is 
difficult to reconcile with the decline in visual acuity with small amounts of defocus and the smallest change in stimulus 
distance that drives accommodative response. They simultaneously measured accommodation (objectively) and visual 
acuity (subjectively) at a range of optical distances. A limitation of the work is that readings were obtained monocularly 
and without proximal cues. Participants were six pre-presbyopic adults whose refractive errors were not described, but 
were corrected during the experiments.

The subjective measure found much smaller errors than objective measurements. Specifically, a wavefront sensor 
indicated median lags of ∼1D for stimuli at 1–6D and the autorefractor results found lags of ∼0.5–1.5D. In contrast, 
subjective measurements (the distances at which acuity was maximized) indicate little to no accommodative lag except at 
the nearest distances of 5D and 6D, which were at the limits of accommodative amplitude of the participants.68 The 
authors posit that some or most of the difference they observed is due to a greater contribution of spherical aberration to 
the objective measures, with negative spherical aberration likely to cause an apparent lag. Noting that young adult 
myopes exhibit higher negative spherical aberration than emmetropes,69 Labhishetty et al’s findings raise the possibility 
that the increased accommodative lag that many authors have associated with myopia may be an artefact. If further 
research validates these findings, they bring into doubt the utility of measuring lag of accommodation routinely in 
myopia management, which in one survey was reported by over 40% of clinicians.70

Near work-induced transient myopia (NITM) is a small and transient myopic shift induced by a period of sustained 
near work.71 This can be conceptualised as a slowness of accommodation to relax after near vision. It has been proposed 
that NITM may be a near work factor that contributes to permanent myopia. NITM is larger in myopes than in 
emmetropes,72 and is manifest during the progressive phase of myopia development.73 However, the three-year report 
from the Beijing Myopia Progression Study found that NITM was only significantly associated with the progression of a 
myopic refractive shift among hyperopes, not myopes.71

In a theoretical paper that considers a large body of literature, Liu et al noted that there is growing evidence that 
chromatic sensitivity is preserved partially in the peripheral retina.74 These authors considered that longitudinal chro
matic aberration plays a key role in the feedback loop to ensure accurate focussing by indicating the necessary direction 
and magnitude of the accommodative response. Liu et al argue that the ratio of long- to medium-wavelength (L-M) cone 
contrast produces a pronounced direction signal for accommodation.

Myopia Control Trials Designed to Influence Accommodation 
If prolonged accommodation during near vision is a causal factor in myopia progression, then multifocal (bifocal or 
progressive addition lens) spectacle lenses (MFSL) should slow myopia progression because the near addition reduces 
the need for accommodation.52 Also, if increased accommodative lag contributes to myopia progression, then MFSL 
should slow progression by reducing accommodative lag.52 A recently updated Cochrane network meta-analysis shows 
that MFSL have a negligible treatment effect at slowing myopia progression and axial elongation (Figure 3).
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It should be noted that, by introducing extra plus power in a portion of the lens, MFSL will have an effect at creating 
myopia defocus and/or reducing hyperopic defocus. The hypothesis that this mechanism might account for some of the 
myopia control effect of MFSL is supported by the observation that the studies demonstrating greatest treatment effect 
tend to be those using larger near vision segments.76,77

Figure 3 Estimates of effect from network meta-analyses for all treatments versus control for progression of myopia (based on SER and axial length) at 1 and 2 years. 
Reproduced with permission from Lawrenson et al Interventions for myopia control in children: a living systematic review and network meta-analysis for Cochrane 
Collaboration.75 

Abbreviations: CONT, control; RLRL, repeated low intensity red light; HDA, high-dose atropine; LDA, low-dose atropine; MDA, medium-dose atropine; MFSCL, 
multifocal soft contact lenses; MFSL, multifocal spectacle lenses (bifocal and progressive addition lenses); ORTHOK, orthokeratology; ORTHOK-A, combined orthoker
atology and atropine; PPSL, peripheral plus spectacle lenses; RGP, rigid gas-permeable contact lenses; UCSL, under-corrected spectacle lenses.
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In the COMET study of MFSL, the experimental group (who wore progressive addition lens, PAL, spectacles) 
exhibited slower progression than the control group (who wore single vision spectacles) but the difference between the 
groups only reached statistical significance in the 114 participants with high accommodative lag.53 Therefore, the 
COMET2 study specifically targeted myopic children with high accommodative lag and near esophoria, who were 
randomly assigned to single vision lens (SVL) spectacles or PAL with a +3.00 addition.78 There was significantly slower 
myopia progression in the PAL group, but the treatment effect (0.28D over three years) was not clinically significant. 
Interestingly, the treatment effect increased over the three years, which is different to other myopia control 
interventions.79

Berntsen et al reported on the Study of Theories about Myopia Progression (STAMP) trial. This was a two-year trial 
to investigate whether (a) high accommodative lag during near work produces hyperopic retinal blur that accelerates 
axial growth or (b) mechanical tension created by the crystalline lens or ciliary body restricts equatorial ocular expansion, 
thereby causing accelerated axial elongation.60 In the latter theory, high accommodative lag is a consequence rather than 
a cause of myopia. These hypotheses were investigated by studying 85 myopic children with high accommodative lag, 
who wore either PALs or control SVL for one year. After one year, there was significantly slower myopia progression (by 
0.18D) in the group wearing PALs. All participants then wore SVLs for a further year, with similar myopia progression 
in the two groups (no rebound effect in the PAL group). The absence of a rebound effect was interpreted as supporting 
theories relating to hyperopic defocus. However, the lack of significant correlation between accommodative lag and 
myopia progression was considered to be inconsistent with the benefit from PAL being due to decreased foveal blur 
during near work.

Multifocal soft contact lenses (MFSCL), like MFSL, have the potential to reduce the need for accommodation during 
near vision and to reduce accommodative lag. A key difference between MFSL and MFSCL is that with MFSL the eyes 
rotate to look through the appropriate segment of the lens for distance or near vision. Therefore, MFSCL may be less 
effective at reducing the need for accommodation, may have an unpredictable effect on accommodative lag, but may be 
more effective at reducing peripheral hyperopic defocus or increasing peripheral myopic defocus.

For example, in the BLINK study Walline et al investigated the effects of MFSCL at slowing myopia.80 The centre- 
distance lenses they used were selected for their hypothesised effect at correcting RPHD, rather than through any effect 
on accommodation. However, most peripheral defocus metrics and defocus at most peripheral retinal loci accounted for 
little to no variance in the treatment effect of the +2.50D addition lens.81 Thus, the mechanism of the treatment effect 
does not appear to be peripheral defocus.81 This raises the possibility of an accommodative mechanism. Indeed, after 
three years the participants who had worn MFSCL had reduced accommodative response (when not wearing the lenses), 
suggesting some effect on accommodation (see later).82

Allen et al carried out a two-year study of myopic adolescents comparing two interventions to improve accommo
dative function.83 These were a contact lens designed to reduce accommodative lag by controlling spherical aberration 
and vision training designed to improve accommodative dynamics. The treatments had no statistically significant effect, 
in isolation or combined. This may have resulted from a low myopia progression rate (−0.33D over two years), attributed 
to the participants’ age (mean 16 years). Also, one third of the participants dropped out of the trial.

Zhu et al (only abstract available in English) measured the amplitude of accommodation in 49 children fitted with 
OrthoK.84 The myopia control effect was greatest in children with a low amplitude of accommodation, who demonstrated 
a clinically significant increase in accommodation after treatment.

Lv et al reported reduced myopia progression and axial elongation and improved accommodative facility in a group 
of children receiving binocular vision perceptual training.85 However, this finding could be attributable to methodological 
limitations: participants were not randomly allocated to treatment groups, follow-up was three months, accommodative 
facility was only measured in the group receiving vision therapy, and the intention-to-treat principle86 was not followed.

Binocular Coordination
Binocular Coordination in Patients with Myopia 
In the 1980s, Rosenfield and Gilmartin noted that early onset myopia (before age 15 years) is associated with a higher 
AC/A ratio than late onset myopia or emmetropia.87
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In a longitudinal study of Swedish myopic children described above, Jensen studied the optometric variables that 
predicted, over two years, which children would develop high myopia.51 Neither the type of heterophoria, or near point 
of convergence were individual predictors of which cases would develop high myopia. A limitation is that heterophoria 
was only considered as a categorical variable (orthophoria, exophoria, or esophoria).

Allen et al found that the CA/C ratio did not contribute significantly to myopia progression.57 Ma et al reported a 
retrospective analysis of myopia progression patients wearing DIMS, dividing participants by the type of heterophoria. 
Those with convergence excess progressed most rapidly and those with divergence excess progressed least rapidly.88 

Since there was no control group, it is unknown whether this was related to DIMS or whether a similar differentiation 
would have been present in myopes wearing single vision spectacle lenses.

Table 3 summarises studies investigating the type of heterophoria in children with myopia compared to emmetropia. 
These data are cross-sectional and therefore provide a different perspective to the information described above, of 
longitudinal studies that indicate an eso-drift at myopia onset.

Chen et al assessed near heterophoria in 11,000 Chinese children aged 6 to 13 years.93 Exophoria was most common 
(65%). Interestingly, children with larger near heterophoria, regardless of whether exophoria or esophoria, tended to 
exhibit a higher degree of myopia and longer axial length than those with lower levels of near heterophoria (Figure 4). 
Children who had spectacles were assessed when wearing these, and others were assessed without any refractive 
correction. Therefore, the results may have been confounded by uncorrected and under-corrected refractive errors. 
However, the findings in Figure 4 are so marked that they seem unlikely to be explained by this limitation. The study 
highlights that the relationship between heterophoria and myopia is non-linear. Most of the studies reviewed in this 
section have evaluated the number of individuals with exophoria or esophoria and Figure 4 reveals such analyses would 
obscure the real relationship between myopia and heterophoria. Similarly, measures of central tendency of heterophoria 
may be confounded by compensating errors (see Discussion).

Owing to the link between accommodation and convergence, it has been suggested that MFSL or MFSCL may slow 
myopia progression by reducing accommodative demand, which in turn reduces the stimulus to converge, reducing 
esophoria.

When Goss and Grosvenor95 reanalysed a study of bifocal spectacles to restrict the sample to those with near 
esophoria, they obtained a treatment effect close to 40%, better than the treatment effect in non-esophoric populations. 
Similarly, with MFSCL an unusually strong treatment effect at slowing myopia progression was obtained by Aller et al,96 

who corrected participants with a near esophoria with MFSCL having a near addition individually selected to neutralise 
the near eso-fixation disparity (see later).

In the COMET study (2004), both high accommodative lag and near esophoria were associated with increased myopia 
progression when wearing SVL and with the most marked benefit from PAL.53 However, the correlation between 

Table 3 Summary of Studies Evaluating Relationship Between Heterophoria and Myopia

Authors Population Findings

Leone et al (2010)89 Australian 
Ages 6 y and 12 y

Near exophoria associated with myopia but only in older age group.

Jang et al (2016)90 South Korea 
Age 8–13 y

No correlation of near heterophoria with refractive error. 
(sign convention for heterophoria not explained in paper)

Hong et al (2020)91 China 
7th grade

Myopia associated with exophoria at distance and near.

Su et al (2020)92 Tibet 
Age 6–10 y

Myopia associated with exophoria at near.

Chen et al (2022)93 China 
Age 6–13 y

Overall, similar prevalence of exophoria in myopes as emmetropes, but larger heterophoria associated with higher 
myopia (see later and Figure 4).

Alrasheed (2025)94 Saudi Arabia 
Age 6–15 y

Positive correlation between near exophoria and myopia (SER; r = 0.281, p = 0.002; only included exophoric myopes).
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accommodative lag and near heterophoria was low (r = −0.16), so that it is unlikely that the mechanism of this finding is 
that esophoric children were relaxing accommodation to reduce accommodative convergence.14

The COMET2 study was specifically designed to investigate the effect of PAL spectacles on the progression of 
myopia in children with low baseline myopia, high accommodative lag, and near esophoria.78 The myopia control effect 
was only 24%, which although statistically significant was not considered to be clinically significant. Two other studies 
that tested the effect of MFSL on myopia progression in children with near esophoria produced disappointing results, 
with treatment effects below 20%.97,98

An unexpected finding in the CLEERE study (2011) is that exophoria at near was associated with myopia progres
sion, although the effect was not clinically significant.16 In further analysis of this study, Berntsen et al noted that the 
mild slowing of myopia progression from MFSL does not require a mechanism that relates to binocular coordination or 
accommodation.16 By decreasing the accommodative lag during near work, this will also decrease the amount of 
hyperopic defocus.

In the STAMP study (2012), 64% of participants were esophoric at near.60 However, near heterophoria was not 
associated with myopia progression or the magnitude of the PAL treatment effect.

An early myopia control spectacle lens design comprised E-segment bifocal spectacles with a +1.50D addition 
combined with 3 PD base in prism. Cheng et al compared this intervention with a +1.50D add E-segment bifocal without 
the prism and with single vision spectacles.99 The rationale underlying the use of base in prism is that when children with 
near orthophoria or exophoria use an add, this is likely to result in an exophoric shift (by relaxing accommodative 
convergence) which may cause problems from the higher demand for fusional convergence. Cheng et al’s study 
population were Chinese-Canadian children with progressing myopia. Over three years, both interventions slowed 
myopia progression, by 39% for just bifocals and by 51% for bifocals with prism. For children with high lags of 
accommodation, the treatment effect of both types of bifocal was similar, but for those with low lags, the prismatic 
bifocals had a greater treatment effect than the normal bifocals. The treatment effect of both types of bifocal was 
independent of the type of near heterophoria, disconfirming the theories of Hargrave24 and Bayramlar et al.25

Aller et al reported on a randomised controlled trial of centre-distance MFSCL on children with myopia progression 
of −0.50D or more per annum and with a near eso-fixation disparity.96 Bifocal adds were selected to neutralise the 
fixation disparity. This approach was associated with stronger treatment effects than in other studies which could be 
attributable to the targeted approach of treating to correct near esophoria or due to other differences between studies. 

Figure 4 Relationship between heterophoria and (a) myopia and (b) axial length derived from a generalised additive model. Heterophoria is in prism dioptres (PD), and 
negative values are exophoria. The grey areas represent the 95% confidence intervals. Reproduced, under Creative Commons Licence, from Chen et al.93
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Alternatively, or additionally, the fact that this subgroup of myopes is likely to obtain symptomatic relief of the binocular 
vision anomaly may encourage wear of the intervention, contributing to its success.100

Discussion
Compensatory Mechanisms in Accommodative and Binocular Function
The complex inter-relationship between binocular, accommodative, and sensory factors means that these systems may 
compensate for each other in various ways for different individuals. If there is compromised accommodation then some 
individuals may attempt to overcome this by exerting excessive neural effort to accommodate resulting in a high AC/A 
ratio.45 If this mechanism is successful, the individual may have normal or lower than normal accommodative lag. If this 
is only partly successful at overcoming the compromised accommodation, the individual may have slightly increased 
accommodative lag. Other cases may not attempt to overcome the compromised accommodation via exerting extra effort, 
possibly causing higher accommodative lag. Looking at a group of individuals, some of whom adopt each strategy, mean 
accommodative lag may be close to normal, despite an underlying accommodative deficit.

Another type of compensatory mechanism is that some people with a decompensated heterophoria may develop 
sensory suppression to prevent symptoms.14 Individuals differ in their ability to develop suppression,101,102 and 
suppression may be easier to develop when there is a constant or large heterophoria.14 Therefore, for some individuals, 
who can develop suppression, a high esophoria may be less problematic whereas for those who cannot develop 
suppression a larger esophoria may be more problematic.

The complexity associated with these mechanisms may account for an interesting finding by researchers investigated 
the effects of myopia control interventions (OrthoK and MFSCL) on a variety of accommodative and binocular 
functions.103,104 There were negligible differences in the mean of these variables, but a common finding was that the 
standard deviation of the study populations reduced with myopia control interventions. This finding is compatible with 
the considerations outlined above.

For those researching this topic, this observation highlights the dangers of over-reliance on measures of central 
tendency (eg, mean, median). It is essential to plot raw data to see whether a measure of central tendency is valid. An 
example is in the data of Goss and Jackson, where many children who became myopic exhibited an esophoric shift but a 
subset had increasing exophoria. The usual approach of scoring esophoria as positive values and exophoria as negative 
values will lead to a compensating error, where the mean may remain stable despite marked changes in the variable under 
consideration (see Figure 4).

Summary and Synthesis of Main Findings
First, the roles of accommodative function and binocular coordination in myopia development (onset) are summarised. 
The multifactorial nature of myopia means that no one parameter is likely to be a very strong predictor of myopia onset. 
This may in part explain inconclusive findings of an earlier review on the role of accommodative function in myopia 
development.105 The fact that accommodative, binocular, and sensory functions interact and to some extent may 
compensate for one another further reduces the likely strength of any one variable at predicting myopia, even if the 
variable plays some causal role. The imperfect sensitivity and specificity of clinical tests, especially in young children, is 
another factor that will limit their predictive power.

The CLEERE study found that as early as four years before myopia onset, children who would become myopic had a 
significantly higher AC/A ratio then children who remained emmetropic.45 The AC/A ratio increased monotonically in 
the years approaching myopia onset. This seems to be strong evidence supporting involvement of ocular motor factors in 
myopia onset. The finding that RPHD only started to differentiate the groups two years before myopia onset could 
challenge the predominance of the RPHD hypothesis. However, there are difficulties in measuring peripheral refraction, 
especially in young children, so further research is required to confirm these findings.106

Longitudinal studies also find low PRA to be a predictor of myopia onset.41,46 The WEPrOM publication states that 
PRA was measured with vision correction using a phoropter,46 so the results should not have been confounded by the 
degree of hyperopia. PRA measures the accommodation that can be exerted without changing convergence. Therefore, 
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PRA can be considered to be the “accommodation in reserve”, and a low PRA can be indicative of accommodative 
insufficiency.107

Both low PRA and high AC/A ratio are signs of convergence excess,107,108 and therefore the findings of Goss and the 
WEPrOM study may be consistent with those of the CLEERE study. An alternative explanation lies in the conclusions of 
the WEPrOM authors, that they had detected “reduced accommodative functions”,46 which agree with the CLEERE 
study conclusion of “compromised accommodation”.45 This is supported by the Lhasa Childhood Eye Study47 finding 
that lower habitual accommodative tone is somewhat predictive of myopia onset.

Considering binocular coordination, on average (but by no means always) myopia onset is preceded by a shift in the 
near heterophoria in the eso direction, which is likely to be secondary to the increase in AC/A ratio and is consistent with 
convergence excess.14 The finding of an increased tendency for near esophoria in children who progress to develop 
myopia41,45 is most likely to be a consequence of the high AC/A ratio that precedes myopia onset.45

A weakness of the argument that accommodative dysfunction is an aetiological factor in myopia progression is the 
disappointing results of studies of myopia control trials with bifocal/PAL spectacles. An early study indicated that the 
myopia control effects of bifocal/PAL spectacles may be more substantial in participants with a near esophoria.95 

However, subsequent studies failed to provide strong support for the initial findings.97,98 Berntsen et al found that 
when children with a high accommodative lag (mean, +1.76D) were prescribed a near add (+2.00) the lag decreased by 
less than 25% of the add (to a mean of +1.26D).109 Therefore, it may be unsafe to assume that bifocal/PAL spectacles 
will necessarily correct the “compromised accommodation” implicated by Mutti et al.45

Taken together, the findings of changes to accommodation as an early predictor of myopia onset increases the 
likelihood that accommodation may be one of the factors involved in myopia aetiology. This conclusion refers to early 
onset myopia, but probably not late onset myopia because only the former is associated with a high AC/A ratio.87

Although the analysis by Mutti et al of the CLEERE data implicates a high AC/A ratio as predictive of myopia onset, 
the study found no association between the AC/A ratio and the rate of myopia progression regardless of the level of near 
work activity.45 The present review also indicates that there is much less evidence for any relationship between abnormal 
accommodation and myopia progression. Although several studies have argued that progressing myopes have increased 
accommodative lag, some authors have attributed this finding to artefacts induced by measuring accommodation under 
artificial conditions. In particular, the findings of Labhishetty et al68 questions the concept of clinically significant 
accommodative lag, as highlighted by Brennan et al.110

This raises an apparent paradox, with evidence suggesting that accommodative dysfunction may be a factor involved 
in myopia aetiology without also being a factor involved in myopia progression. Although this may seem counter- 
intuitive, it is analogous to another factor that has a role in myopia development, lack of time outdoors, which appears to 
have little or no relationship with myopia progression.111,112 Further research is required to determine whether these are 
examples of the rare situation of mechanistic factors that contribute to the development of a condition but not to its 
progression.

This difference between myopia onset and myopia progression may help to partially explain an apparent contradiction 
in this review. Longitudinal studies indicate an eso-drift at myopia onset but cross-sectional studies that have compared 
children with myopia with emmetropes find, on average, that myopia is associated with exophoria. The non-linear 
relationship in Figure 4 additionally may partially explain this. Also, not all myopes will exhibit the esophoric shift 
around the time of myopia onset.

The feedback loop theory of myopia development and progression is that hyperopic defocus from near vision leads to 
axial elongation.113 According to this model, myopia is simply an adaptation to the environment. Hyperopic defocus may 
be a mechanism and accommodative lag a contributory factor because it increases hyperopic defocus. Berntsen et al 
investigated this hypothesis and found only partial support.60 There are some difficulties with this theory. Most 
importantly, the finding of Labhishetty et al raises serious questions about the veracity of clinical measurements of 
accommodative lag68 and therefore about theories based on this.110

Even if accommodative lag is relevant in some cases, another weakness of the feedback loop hypothesis is that it 
would predict that under-correcting myopia should slow myopia progression, and most studies indicate that under- 
correction is not an effective myopia control strategy.26,114–117 Medina, a leading advocate of the feedback loop 
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hypothesis, argues that the level of under-correction in these studies is too low and the typical approach, of under- 
correcting by a fixed amount, is inappropriate.113 Medina posits that myopia should be under-corrected by a proportion of 
the refractive error. A study by Sun et al that used a greater degree of under-correction, did find significantly slower 
myopia progression in the uncorrected group.118 Further support comes from a study with an even higher degree of 
under-correction monocularly, achieved by monovision.119

This monovision study, by Phillips in 2005, is particularly important for the present review. Phillips measured 
accommodation and showed that all his participants accommodated to read with the dominant, distance focussed, eye,119 

which is as expected from previous research.120 In other words, the slower myopia progression he found in the near 
vision eye is not attributable to an accommodative mechanism, but more likely to be due to a reduction of hyperopic 
defocus or increase in myopic defocus. This supports the feeback loop hypothesis.

A third potential weakness of the feedback loop hypothesis is that bifocal and PAL lenses might be expected to have a 
greater effect at myopia control than revealed in Figure 3.79 However, accommodative lag only decreases by less than 
25% of the near addition,109 so hyperopic defocus will not be reduced by as much as might be anticipated.

Comparison with Previous Reviews
An early review by Goss and Zhai concluded that myopia is associated with abnormal results at some accommodative 
functions and near esophoria.121 Prousali et al reviewed the role of accommodative function in myopia development.105 

They summarised research findings as inconclusive, but nonetheless recommended measuring AC/A ratio as “it may 
show a rise preceding myopia onset”.

The two most thorough reviews to have considered this topic are a 2021 review by the International Myopia Institute 
(IMI; Logan et al)122 and a 2024 review by the USA National Academy of Sciences (NAS).79 The conclusions of the IMI 
review are not supportive of a role for accommodation and binocular coordination: “Current evidence does not point 
toward a role for accommodation and binocular vision in myopia development and progression”. In other places, the 
findings are summarised more positively:

Further research is critical to understanding the factors underlying accommodative and binocular mechanisms that may be 
involved in myopia development and its progression and to guide recommendations for targeted interventions to slow myopia 
progression. 

Concerning accommodative lag, the IMI review (p. 3) cites references supporting the view that children and adults with 
myopia tend to have higher accommodative lags than emmetropes and that higher lags are associated with faster myopia 
progression.122 However, later in the review (p. 13) they cite the study by Chen et al64 as evidence that “Lag of 
accommodation has not been found to be associated with myopia progression”. The review’s conclusion, that high 
accommodative lag is more likely to represent a consequence rather than a stimulus for myopia, seems to rely on one 
paper but was perhaps prescient in view of the publication later that year by Labhishetty et al.68 The review suggests that 
near esophoria in myopia is a compensation for deficient accommodation rather than a causative factor for myopia 
progression.

The other major review, by the USA National Academy of Sciences (NAS) in 2024, is more positive about a role for 
accommodation.79 The authors comment that both young and adult myopes consistently show increased accommodative 
lag, and the accommodative response function decreases as myopia progresses. On the other hand, the review notes that 
“If near work and hyperopic defocus were as detrimental to the eye as assumed from animal models, bifocal spectacles 
would have solved the problem long ago”. The NAS review authors note that effects of accommodation and near work 
may be overstated in childhood and underappreciated at earlier ages. Since most infants are hyperopic, the review points 
out that infants are either experiencing defocus or they are accommodating and experiencing less defocus.

The NAS review stresses that our current ability to explain why people develop refractive errors and in particular high 
myopia is very limited. The review suggests that environmental factors may play a greater role than evidenced to date, 
because most studies have used coarse methods of assessing these variables (eg, parental questionnaires).79 It notes the 
high preponderance of near objects indoors compared with outdoors. Concerning the mechanism of current myopia 
control interventions, the NAS review considers that one potential mechanism is chronic relaxation of accommodation.79 
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The review notes that it is unclear whether the myopia control effect of optical interventions is achieved via RPHD, 
reduced contrast, or an accommodative mechanism.

Brennan et al noted that the most dramatic differences between refractive groups in terms of accommodative lag were 
obtained under contrived, unnatural viewing conditions, (ie, monocular distance viewing with lens-induced blur), with 
much more modest differences observed under binocular viewing of near targets.110 Brennan et al went on to cite the 
research by Labhishetty et al68 and other evidence that questions the existence of clinically significant accommodative 
lag as a correlate of myopia. Brennan et al conclude that there is little evidence to support the proposition that 
accommodative lag is involved in myopia development. They noted, however, that the broader role of accommodation 
in myopia onset and progression should not be completely dismissed. For example, they cited a study17 which found that 
failure to accommodate fully when wearing a myopia control soft contact lens was associated with greater myopia 
progression.

Limitations
A limitation of the present review is that the search was restricted to PubMed, although this was supplemented by 
detailed searching of bibliographies (Figure 1). Another limitation is that animal studies were excluded. The challenge 
with animal studies is always the question of whether findings in other species apply to humans. Additional limitations 
are the exclusion of non-English studies and that the review protocol was not published.

Causes of Myopia: A Multifactorial Risk-Resilience Model
Most myopia is attributable to environmental and genetic factors,79 with over 500 genetic loci for myopia.123 An 
exception is myopic anisometropia, when the two eyes will have the same genotype and are likely to have very similar 
environmental experiences.124 More generally, myopia development and progression is likely to be multifactorial: there 
is no single cause of myopia, but rather several causative factors. The risk of myopia developing or progressing in an 
individual may be proportional to the number of risk factors: an additive risk factor model. The present authors propose 
that myopia aetiology is best conceptualised as a risk-resilience model. This is illustrated in Figure 5, which includes 
evidence-based and speculative risk and protective factors for myopia.125–127

Evolution by natural selection requires diversity.128 This means that each of the factors in Figure 5 will be manifested 
in different individuals to varying degrees, sometimes not at all.106

An important consequence of an additive risk factor/resilience model is that researchers whose data support different 
causative factors for myopia do not have to compete for “the cause” of myopia. This model positions different causal 
factors as complimentary rather than competing.

Clinical Implications
Accommodation and Binocular Coordination are Neither Irrelevant nor Major Causative Factors in Myopia
One of the strongest indications for a causal role for accommodative/binocular factors in myopia aetiology is the finding 
by Mutti et al in the CLEERE study that the first optometric sign to precede the development of myopia is a higher AC/A 
ratio four years before the onset of myopia.45 This was interpreted as compromised accommodation. This does not prove 
causality as it is possible that this change could be secondary to some other factor that was not detected in the study.

From a clinical perspective, even if compromised accommodation is a predictor of myopia, there is no evidence that it 
can be treated in a way that will prevent myopia onset. Concerning myopia progression, attempts to reduce the demand 
for accommodation using bifocal/PAL spectacles have had disappointing treatment effects75 that are predominantly short- 
term.129 Two of the most effective interventions (atropine and lenslet spectacle lenses) are known to impair (atropine) and 
provide no support (lenslet spectacles)130–133 to accommodation. The fact that these interventions are among the most 
effective indicates that accommodation is unlikely to be a major cause of myopia progression.

The Need to Consider Idiosyncratic Effects
The multifactorial model in Figure 5 and natural variation in the population128 explains the considerable scatter that is 
seen in the results of most trials of myopia control interventions. This raises an important limitation of much research and 
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reviews on this topic, which is the tendency to concentrate on mean or median results rather than exploring the diversity 
of results. Accommodative and binocular function may be of no relevance to myopia development for some individuals, 
of minor relevance to others, and an important feature for a few. This is why an individualised approach is likely to be 
more successful134,135 and combination treatments often will be required.2,136,137 A recent International Myopia Institute 
review recommends that comprehensive evaluations of myopic patients should include assessments of binocular co- 
ordination and accommodation.138

Convergence Excess Esophoria
Children who have a high AC/A ratio will sometimes have decompensated near esophoria (convergence excess).14 The 
prevalence of symptomatic convergence excess in two samples of university students in Spain was 1.5%139 and 2.3%.140 

In rural schoolchildren in South Korea, the prevalence was 1.9%.141 The main treatment option for this condition is 
bifocal spectacles, with the near addition selected to neutralize eso-fixation disparity.14 The three studies of bifocal/PAL 
spectacles and contact lenses that obtained the greatest myopia control effect (~40–50%95,142 and ~70%96 respectively) 
adopted this approach. The COMET2 study targeted children with high accommodative lag and near esophoria, but did 
not select symptomatic participants.

Studies have demonstrated that with a lenslet spectacle lens design, the extra plus power of the lenslets cannot be used 
to focus near targets,131 and lenslet and cylindrical annular refractive element designs of spectacle lenses do not alter 
accommodative responses.130 In cases with symptomatic convergence excess esophoria and progressing myopia, the 
benefits from bifocal spectacles are two-fold. First, the symptoms from the near esophoria are likely to be alleviated. 
Second, bifocals are also likely to some extent to slow myopia progression. Aller et al96 reported a similar benefit from 
MFSCL. Lenslet designs may have a superior effect at slowing myopia progression but would not be expected to 
alleviate the symptoms from the decompensated near esophoria. The optimum treatment should be determined on an 
individual basis by balancing the need to treat symptoms (best addressed with bifocals) with the importance of slowing 
myopia progression (better treated with lenslet designs).

Recommendations for Research
Inter-individual variation is apparent in the response to myopia control interventions. For example, in Lam et al’s report 
of six years’ results with DIMS lenses, 22% of cases had no myopia progression over six years and in contrast 11% 
appeared to receive no benefit from the intervention (1.2 mm of axial elongation over the six years).8 A priority for 
research is to determine variables that would prospectively identify these high and low responders. A suitable study 

Figure 5 The authors’ proposed multifactorial risk-resilience model of myopia. Risk factors and resilience factors in normal font are taken from the umbrella review of risk 
factors for myopia by Ying et al127 and additional speculative risk factors are in italics.
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design would be to carry out a battery of optometric investigations before prescribing a myopia control intervention and 
then to monitor the cases to see which variables best predict treatment outcome.

The possibility raised in this review, that accommodation may be abnormal before the onset of myopia but may not be 
implicated in the progression of myopia, may be relevant to growing interest in treating myopia early, ideally preventing 
or delaying the onset of myopia.143 Research should investigate the possibility of using the early predictors of myopia 
highlighted in this review to detect cases for early intervention, and possibly for developing new interventions.

More generally, the multifactorial nature of myopia makes it particularly important that researchers report the range of 
findings, not just measures of central tendency (eg, mean and median). Measures of central tendency can mask 
heterogeneity within datasets. For example, widely different underlying datasets can produce similar bar charts,144 and 
therefore it is recommended that full data are presented graphically.145 Vision researchers have been shown to 
underperform146 in this movement towards transparent data reporting.144

Conclusions
A complete understanding of the reasons for the development and progression of myopia requires a multifactorial model. 
It is concluded from the literature that accommodative dysfunction seems to play some role in myopia onset, although 
accommodative and binocular factors are unlikely to be major causal factors in myopia progression.
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