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Purpose: To investigate the impact of vergence dysfunction on myopia progression in children with Defocus incorporated multiple
segments (DIMS) spectacle lenses.

Patients and Methods: We retrospectively enrolled children prescribed DIMS spectacle lenses to slow myopic progression. Baseline
vergence dysfunction was determined according to phoria at distance and near. Axial length (AL) measurement and cycloplegic
subjective refraction were performed before fitting the lenses and at six-month and one-year follow-ups. The six-month and one-year
AL and spherical equivalent (SE) change from baseline were calculated and compared in subgroups stratified with the type of vergence
dysfunction.

Results: Two hundred and ninety-two myopic children were included. Significant AL elongation and SE progression were observed at
six months and one year (P < 0.05 for all comparisons). Multiple regression demonstrated that AL elongation at six months (P <
0.001) and one year (P < 0.001) was negatively correlated with age, and SE progression at six months was associated with age (P =
0.002). The AL elongation at six months in children with convergence excess was significantly greater than in normal myopic subjects
(P =0.011) and subjects with convergence insufficiency (P = 0.008), divergence excess (P = 0.007), divergence insufficiency (P =
0.024) and basic esophoria (P = 0.048) at six months.

Conclusion: The present research demonstrated that vergence dysfunction influences myopia progression for myopic children with
DIMS, and the children with convergence excess suffer from the greatest myopia progression among different types of vergence
dysfunction.
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Introduction

Myopia is a prevalent ocular problem globally." In recent years, up to 70% of teenagers are myopic in East and Southeast
Asia, and an increasing number of children have high myopia.'> High myopic children have higher risks of suffering
from irreversible blindness-causing complications, including retinal detachment and macular diseases.** Several vali-
dated interventions are applied clinically to slow myopia progression, including spectacles, contact lenses, and pharma-
cological treatment.””’ Reliable evidence from animal studies has manifested that hyperopic defocus promotes axial
length elongation, and myopic defocus inhibits ocular growth.*'® Defocus incorporated multiple segments (DIMS)
spectacle lenses are designed with a concentric small circular segment with relative positive power to impose myopic
defocus in the mid-peripheral retina. On DIMS spectacle lenses, the defocus zone has a relatively positive power of +3.50
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D. A Randomized control trial demonstrated that DIMS application slowed more than 60% axial elongation in myopic
children compared with single vision spectacles wearers.'!

Non-strabismic vergence dysfunction (abbreviated as vergence dysfunction) is a common optometric problem in
children, which might induce visual fatigue and poor concentration.'?> Among the different types of vergence dysfunction,
the population-based study demonstrated that convergence insufficiency is more commonly observed than others, including
convergence excess and basic exophoria.'> Previous research shows that types of refractive error were significantly
associated with vergence dysfunction, including convergence and divergence insufficiency.'®'> Near positive fusional
vergence is reported to be higher in myopic than emmetropia children,'® and myopes are more likely to have a higher
accommodative convergence/accommodation ratio that leads toward esophoria during the near task.'” Thus, vergence
dysfunction might affect the myopia progression in myopic DIMS spectacles wearer, which remains to be explored.

The present research retrospectively reviewed myopic children fitting DIMS spectacle lenses and aimed to investigate
the influence of different types of vergence dysfunction on myopia progression. The study provides the basis for
understanding the relationship between non-strabismic vergence dysfunction and myopia progression and might guide
the myopia intervention considering the vergence dysfunction.

Materials and Methods
Study Design and Participant

The retrospective cohort study enrolled consecutive patients prescribed DIMS spectacles to slow myopia between
September 2019 and 2021 at the Optometry Center of Peking University People’s Hospital. The research was conducted
and adhered to the Declaration of Helsinki, and the research protocol was approved by the Peking University People’s
Hospital review board. The review board exempted the informed consent due to the retrospective data collection. The
patients were represented with serial numbers, and their data were confidential and preserved properly in the local database.

The inclusion criteria were as follows: (1) age between 6 and 17 years old; (2) myopia with the spherical equivalent
of —1.00 to —5.00 diopters (D); (3) astigmatism and anisometropia of 2.00 D or less; (4) monocular corrected distance
visual acuity (CDVA) of 20/20 Snellen chart or better; (5) first fitting DIMS spectacle lenses binocularly. The myopic
children with strabismus and other ocular and systemic abnormalities were excluded. We also excluded children who
applied other clinical myopia control methods simultaneously.

Intervention and Control

The myopic children in the present research wore DIMS spectacle lenses based on cycloplegic and noncycloplegic subjective
refraction. The DIMS spectacle lenses consist of a 9 mm central optical zone for refractive error correction and a circular
defocus zone with multiple segments. The defocus zone has a relatively positive power of +3.50 D. Each segment in the
defocus zone is 1.03 mm in diameter. The DIMS spectacle lenses could provide clear distance vision and myopic defocus in
the mid-peripheral retina. The children were instructed to wear the DIMS spectacle lenses full-time, except during sleep.

Ocular Examinations

Baseline ocular examinations were performed in the following order on the first day, visual acuity (standard LogMAR
visual chart), slit-lamp biomicroscope, biometry (IOL master 700, Carl Zeiss Meditec AG, Jena, German) and cyclo-
plegic automatic (Topcon KR-8100 or KR-8800, Topcon Medical System, Japan) and subjective refraction.
Noncycloplegic automatic and subjective refraction and horizontal phoria at near and distance with Von Graefe method
were performed on the other day. Children were followed for one month, six months and one year wearing the DIMS
spectacle lenses. Visual acuity and slit-lamp biomicroscope were evaluated at each follow-up time point. Cycloplegic and
noncycloplegic subjective refraction and axial length (AL) were measured at six-month and one-year follow-ups.

One drop of compound Tropicamide eye drops (Tropicamide 0.5%, phenylephrine HCL 0.5%; Sinqgi Pharmaceutical,
China) was instilled for cycloplegia three to four times 10 minutes apart between drops. Automatic refraction was measured as
a reference for subjective refraction. For subjective refraction, fogging with a + 0.75 to + 1.50 D lens was used for
accommodation relaxation. The first maximum plus to maximum VA (visual acuity) was achieved with a red-green test.
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We refined the cylinder axis and power with the Jackson-cross cylinder. Then, the second MPMVA was obtained to tune the
spherical diopter.

Horizontal phoria at 40 cm (near) and 5 m (distance) was measured with the Von Graefe method. The optotype one
size bigger than the best corrected visual acuity was chosen as the examination optotype. We used 6A base-up prisms to
separate binocular vision and applied 12A base-in prisms as the measurement prism. Adjust the prism degree at the right
eye until the children reported that two optotypes aligned in a single line. Then, we covered and uncovered one eye to
break the fusion repeatedly and adjusted the prism degree until the children reported alignment after uncovering. The
types of vergence dysfunction were defined based on the distance and near phoria measurements, and the type and
diagnostic criteria are demonstrated in Table 1.'* The analyzed vergence dysfunction included convergence excess,
convergence insufficiency, divergence excess, divergence insufficiency, basic esophoria and basic exophoria.

Statistical Analysis

SPSS software version 25.0 (IBM, Inc.) was applied for the statistical analysis. The data normality was tested with the
Kolmogorov—Smirnov test. The continuous variables were described with mean and standard deviation, and categorical
variables were presented as the number and percentage. Based on cycloplegic subjective refraction, the spherical
equivalent (SE) was calculated as the sphere plus half of the cylinder. The SE and AL changes were calculated as the
measurement at six months and one year minus the baseline.

Considering the correlation between the right and left eye, we applied the right eye data to analyze the changes of SE
and AL and its influential factors. The changes of SE and AL were analyzed with a linear mixed model considering the
relevance among measurements. The time point was set as the repeated factor, and the eye was set as the subject. The
influential factor for SE and AL changes was analyzed with multiple linear regression.

The subgroup analysis was performed according to the types of vergence dysfunction, including normal, convergence
excess, convergence insufficiency, divergence excess, divergence insufficiency, basic esophoria and basic exophoria. To
investigate the impact of vergence dysfunction on myopia progression, we calculated binocular average SE and AL
changes and compared them among different vergence dysfunction subgroups with the univariate linear model. Age and
baseline AL and SE were adjusted as co-variate. Bonferroni correction was applied for multiple comparisons. A P value
of less than 0.05 was denoted statistical significance.

Results
In total, 292 myopic children were enrolled for the analysis and the baseline demographic parameters are shown in
Table 2. The mean age was 9.0 + 2.0 years, and males accounted for 52.7% of the enrolled children. One hundred and
twenty-one patients completed the one-year follow-up. At each follow-up point, all subjects showed good compliance in
wearing DIMS spectacle lenses full-time and no adverse effect was observed.

The AL and SE at baseline, six months and one year following wearing DIMS spectacle lenses are demonstrated in
Table 3. The baseline AL was 24.59 £ 0.85 mm and significantly increased to 24.71 = 0.86 mm and 24.84 £ 0.91 mm at
six months and one year, respectively. The total increase in AL over six months and one year was 0.12 £ 0.15 mm and

Table | Diagnostic Criteria for Binocular Vision Dysfunction

Binocular Vision Dysfunction Diagnostic Criteria
Convergence insufficiency Near exophoria at least 4A greater than distance exophoria
Convergence excess Near esophoria at least 4A greater than distance esophoria
Divergence insufficiency Distance esophoria at least 10A greater than near esophoria
Divergence excess Distance exophoria at least 10A greater than near esophoria
Basic esophoria |. Difference between near and distance esophoria <3A

2. Participant needs to be esophoric at both distance and near
Basic exophoria |. Difference between near and distance esophoria <3A

2. Participant needs to be exophoric at both distance and near
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Table 2 Baseline Demographic Parameters

Parameter Mean = SD Range
Age (yrs) 9.0 £20 6-17

K flat (diopter) 42.69 £ |.44 38.48-48.44
K steep (diopter) 43.84 £ |.53 38.73-49.38
PD (mm) 445 = 097 2.65-8.27

Abbreviations: PD, pupil diameter; SD, standard deviation.

Table 3 Axial Length and Spherical Equivalent of the Right Eye at
Baseline, Six Months and One Year Following DMIS Spectacles

Wearing
Number AL (mm) SE (D)
Mean * SD Mean = SD
Baseline 292 24.60 + 0.85 —-243 + 1.43
6 months 290 24.73 £ 0.86 —2.73 £ 1.55
| year 121 24.84 + 091 —3.04 = 1.67
P* <0.001 <0.001

Note: “Calculated using linear mixed model.

0.21 = 0.21 mm, respectively. For SE, the baseline was —2.38 + 1.42 D, and the SE decreased to —2.70 + 1.54 D at six
months and —3.03 + 1.66 at one year. The mean myopia progression was —0.29 = 0.46 D and —0.48 +£0.53 D over six
months and one year, respectively.

The results of influential factors analysis with the multivariate linear model are demonstrated in Table 4. The linear
model demonstrates that the six-month and one-year AL elongation was significantly associated with age (P < 0.001, six
months; P < 0.001, one year) and baseline SE (P < 0.001, six months; P = 0.014 one year). Six-month SE progression
was significantly correlated with age (P = 0.002). Myopia progression was not found to be significantly associated with
baseline AL (P > 0.05) or the magnitude of phoria (P > 0.05).

The enrolled subjects were further divided into subgroups with different types of vergence dysfunction according to
distance and near phoria. The demographic parameters and baseline AL and SE for subjective in different subgroups are
demonstrated in Table 5. No significant difference was observed among subgroups for gender (P = 0.418), age (P =
0.337), baseline AL (P = 0.188) or baseline SE (P = 0.231).

Table 4 The Influential Factor Analysis for Axial Length and Spherical Equivalent Changes of the
Right Eye at Six Months and One Year with the Multiple Linear Model

AL Change* AL Change* SE Change* SE Change*
(6 Months) (I Year) (6 Months) (I Year)
Age Standard coefficient -0.349" -0.383" 0.211% -0.007
P < 0.001 < 0.001 0.002 0.951
Baseline AL Standard coefficient —0.021 0.096 —0.085 —0.020
P 0.776 0.399 0.307 0.891
Baseline SE Standard coefficient -0.270* ~0.268" 0.081 0.034
P < 0.001 0.014 0.311 0.809
Distance phoria Standard coefficient —0.022 0.094 —0.057 —0.254
P 0.755 0.798 0.467 0.097
Near phoria Standard coefficient 0.110 —0.014 0.040 0.206
P 0.115 0.900 0.605 0.174

Notes: *The SE and AL changes were calculated as the measurement at six months and one year minus the baseline;
#Statistical significance at P < 0.05 level.
Abbreviations: AL, axial length; SE, spherical equivalent.
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Table 5 Demographic Parameters Subgroup by the Vergence Dysfunction Type

Number (%) Gender Age, Yrs Baseline AL (mm) Baseline SE (D)
Male (%) Mean £ SD

Normal 113 (39.5) 53 (46.9) 88+ 20 24.53 + 0.77 —2.26 + .15
Convergence excess 22 (7.7) 11 (50.0) 86 % 1.7 24.52 + 0.81 —1.87 £0.73
Convergence insufficiency 67 (23.4) 43 (64.2) 94 +22 24.79 = 0.96 -2.61 £ 1.73
Divergence excess 8 (2.8) 4 (50.0) 98 +£23 24.99 + 091 291 = 1.72
Divergence insufficiency 16 (5.6) 7 (43.8) 94 +23 24.59 = 1.02 -2.80 + 1.93
Basic esophoria 41 (14.3) 23 (56.1) 92 %22 24.39 + 0.80 —243 + 1.32
Basic exophoria 19 (6.6) 11 (57.9) 9.1 £2.1 24.67 £ 0.71 -2.57 £ 1.22
P 0418 0.337 0.188 0.231

Abbreviations: AL, axial length; D, diopter; SD, standard deviation; SE, spherical equivalent.

The AL elongation and SE progression at six months and one year for normal subjects and patients with different types
of vergence dysfunction are demonstrated in Figure 1, and the data are summarized in Table 6. Adjusting for age, baseline
AL and SE, the linear model demonstrated that the vergence dysfunction type was not significantly associated with AL or
SE changes at six months or one year (P > 0.05 all for the analyses). Post hoc analysis showed that patients with
convergence excess (0.20 = 0.13 mm) had significantly greater AL elongation compared with normal subjects (0.13 +
0.14 mm, P = 0.011), subjects with convergence insufficiency (0.12 + 0.13 mm, P = 0.008), divergence excess (0.06 £
0.12 mm, P =0.007), divergence insufficiency (0.11 = 0.12 mm, P = 0.024) and basic esophoria (0.13 + 0.14 mm, P = 0.048)
at six months. The subjects with divergence excess (0.25 + 0.10 D) had significantly less SE progression compared with
patients with convergence excess (—0.60 = 0.37 D, P = 0.045), convergence insufficiency (—0.63 £ 0.66 D, P = 0.022),
divergence insufficiency (—=0.66 + 0.36 D, P = 0.023) and basic esophoria (—0.54 + 0.60 D, P = 0.033) at one year.

Discussion

DIMS could significantly slow myopia progression compared with single-vision spectacles by imposing myopic defocus
in the mid-peripheral retina.'' Previous research shows that types of vergence dysfunction were correlated with refractive
error. The impact of vergence dysfunction on myopia progression wearing DIMS spectacle lenses is unknown. The
present research demonstrated that DIMS spectacle lenses wearers with convergence excess had faster AL elongation
than normal patients and patients with other types of vergence dysfunction. The patients with divergence excess had
slowed SE progression compared with subjects with other types of vergence dysfunction.

In the present research, children wearing the DIMS spectacle lenses had a mean AL elongation of 0.21 mm and SE
progression of 0.48 D at one year. The result is largely consistent with several previous research.'®?°Lam et al
demonstrated an average AL change of 0.11 and SE change of 0.17 D at one year in a randomized clinical trial."'
The slower myopia progression in Lam et al’s study wearing DIMS spectacle lenses might be due to the difference in the
age of enrolled children, which is older. Additionally, the home-based education during the COVID-19 pandemic for the
children enrolled in the present study might promote myopia progression.?' The AL elongation and SE progression in the
present research were smaller than the result from the study by Huang et al** and Guo et al*® observed at one year. The
children in the Huang et al study had faster myopia progression in both the DIMS and single vision spectacles group

'""and the author speculated that the regional disparity might be attributed to the

compared with the Lam et al study,
difference.

In the present research, the influential factor analysis demonstrated that AL and SE change is significantly associated
with age. The younger the children, the faster the myopia progression. The result is consistent with previous research.'>
For younger children, the physiologic AL elongation and myopia progression are faster, which might explain the lower
effect of DIMS spectacle lenses in the population. Previous research shows that DIMS spectacle lenses might retard

myopia progression by altering relative peripheral refraction with the mid-periphery retinal myopic defocus.”* The
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Figure | The AL elongation and SE progression at six months and one year for normal subjective and patients with different types of binocular vision dysfunction. (A) AL
elongation at six months; (B) AL elongation at one year; (C) SE progression at six months; (D) SE progression at one year. (*Denotes for P < 0.05 for post hoc
comparisons).

Abbreviations: AL, axial length; SE, spherical equivalent.

relative peripheral refraction is associated with myopia onset and progression.”>*® Thus, for younger children, an
increasing amount of myopic defocus might be necessary for myopia control.

Vergence dysfunction is common in children, causing blurred vision and visual fatigue.'? Types of refractive error
were associated with vergence dysfunction, including convergence and divergence insufficiency.'* Thus, the type of
vergence dysfunction might affect the efficiency of DIMS spectacle lenses in myopia control. The present research
demonstrated that DIMS spectacle lenses wearing myopic children with convergence excess had faster AL elongation

than normal myopic children and subjective with other types of vergence dysfunction. Previous studies demonstrated that
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Table 6 Axial Length and Spherical Equivalent Changes at Six Months and One Year Subgroup by the Vergence Dysfunction Type

6 Months I Year
Number AL Change SE Change Number AL Change SE Change
(mm)* (Diopter)* (mm)* (Diopter)*
Mean £ SD Mean = SD
Normal 112 0.13+0.14 —0.29 + 0.42 40 0.21 £ 0.19 —0.41 £ 0.30
Convergence excess 22 0.20 £ 0.13 —0.39 £ 0.36 I 0.29 + 0.21 —0.60 = 0.37
Convergence 67 0.12 £ 0.13 —0.31 £ 0.38 27 0.20 £ 0.20 —0.63 + 0.66
insufficiency
Divergence excess 8 0.06 +0.12 —0.10 + 0.43 2 0.06 + 0.04 0.25 £ 0.10
Divergence 16 0.1 £0.12 —0.28 + 0.33 9 0.24 £ 0.10 —0.66 + 0.36
insufficiency
Basic esophoria 41 0.13+0.14 —0.29 + 0.40 22 0.21 £0.22 —0.54 + 0.60
Basic exophoria 18 0.13 £ 0.11 —0.29 £ 0.29 8 0.21 £0.17 —0.41 £ 061
P* 0.109 0.846 0.796 0.267

Notes: *The SE and AL changes were calculated as the measurement at six months and one year minus the baseline; *Calculated with univariate linear model adjusted age,
baseline AL and SE.
Abbreviations: AL, axial length; SD, standard deviation; SE, spherical equivalent.

accommodative convergence was greater at the onset of myopia®’*>*

and the near positive fusional vergence is higher in
myopic than emmetropia children.'® An increasing accommodative convergence and accommodation ratio is associated
with greater accommodative lag.>® Theoretically, accommodative lag might cause hyperopic defocus that weakens the
effect of DIMS lenses, which induces myopia defocus in mid-peripheral retina.*® It might explain the reason for greater
AL changes in DIMS spectacle lenses wearer with convergence excess. Given the result of present research, vergence
dysfunction should be evaluated prior to adopting myopia control strategy.

There are certain limitations in this study. First, this is retrospective research with a high withdrawal rate, and certain
confounders might influence the effect of DIMS spectacle lenses, including living habits and myopia in parents. Second,
there is no control group for comparing the impact of vergence dysfunction on myopia control. A prospective controlled
study is required to demonstrate the effect of vergence dysfunction on myopia progression in the future. Third, vergence
dysfunction is diagnosed based on near and distance phoria. Positive and negative fusional vergence at distance and near

was not assessed.

Conclusion

In conclusion, myopic subjects with convergence excess had faster AL elongation than normal myopic children and
patients with other types of vergence dysfunction in DIMS wearers. Binocular vision function examination may provide
crucial information in myopia control for DIMS wearers. More research is required to determine the proper use of
myopia control strategy in children with different types of vergence dysfunction.
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