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Effects of racemic anisodamine in
combination with orthokeratology
and defocus incorporated multiple
segment spectacle lenses for
myopia control in adolescents

Yi Deng, Jie Gao, Yu Mei & Wen-Jing Ran™*

This study aimed to evaluate the clinical application of different myopia correction methods in the
prevention and control of myopia in adolescents. A total of 145 myopic adolescents aged 8 to 15 years
were included, and their eyes were divided into four groups based on the treatment modality: wearing
Defocus Incorporated Multiple Segments (DIMS) spectacle lenses alone (Group A), orthokeratology
(OK) lenses alone (Group B), DIMS spectacle lenses combined with racemic anisodamine eye drops
(Group C), and OK lenses combined with racemic anisodamine eye drops (Group D). The primary
outcomes, including axial length and refractive error (expressed as spherical equivalent refraction,
SER), were measured at baseline and at the 12-month follow-up. The clinical effects of each group were
compared. The results showed significant differences in myopia progression across the groups, with
Group D showing the least axial elongation. OK lenses were more effective than DIMS spectacle lenses
in controlling myopia progression, and the combination of racemic anisodamine eye drops further
enhanced the correction effect. This study provides important clinical evidence for myopia control
interventions in adolescents.
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Myopia, a common refractive error, is characterized by blurred distance vision while near objects remain
clear. Its pathogenesis is typically associated with excessive axial elongation, particularly during childhood and
adolescence?. This process is influenced by various factors, including genetics, environment and lifestyle habits
such as prolonged near work’. The rising prevalence of myopia worldwide has become a significant concern,
with projections estimating that the global number of myopia cases will reach 2.5 billion by the end of this
century?. In China, approximately 90% of adolescents are affected by myopia, making it the country with the
largest number of myopia cases globally’. High myopia can lead to retinal deformation, which significantly
increases the risk of severe complications such as retinal detachment, glaucoma, and cataracts®. Therefore, timely
prevention and control of myopia in adolescents are of critical importance.

Among the various myopia control methods, orthokeratology (OK) lenses have gained significant attention
as a non-surgical intervention”$. OK lenses are rigid contact lenses worn overnight, which apply gentle pressure
to the cornea through a reverse geometric design, temporarily reshaping the central corneal curvature. This
results in clear vision during the day without the need for glasses’. More importantly, OK lenses induce a “myopic
defocus” effect in the peripheral retina, focusing peripheral light in front of the retina, thereby inhibiting axial
elongation and effectively slowing the progression of myopia. This design is considered one of the key factors
contributing to the significant effect of OK lenses in myopia control'®!!. Unlike OK lenses, Defocus Incorporated
Multiple Segments (DIMS) spectacle lenses create a defocus effect in the peripheral area primarily through lens
design, without altering the shape of the eye!2. The optical effect is entirely achieved through the design of the
lenses, making them suitable for daily wear. DIMS lenses are easy to wear and require minimal lens care, whereas
OK lenses demand a higher level of hygiene and care to reduce the risk of infection'?.

In addition, pharmacological interventions have been introduced into the field of myopia control. For
example, low-concentration atropine eye drops help control myopia progression by relaxing the ciliary muscle
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and reducing accommodative load!. Studies have shown that, among European children and adolescents,
both DIMS lenses and 0.01% atropine eye drops significantly reduce axial elongation, with the combined
use of the two showing the most pronounced effect!®. This highlights the efficacy of combining optical and
pharmacological interventions in myopia control. Racemic anisodamine, as also an anticholinergic agent, has
certain pharmacological effects; however, while anticholinergic drugs have demonstrated efficacy in some
ophthalmic applications'®, there is currently insufficient clinical evidence to confirm their effectiveness in
treating and alleviating myopia.

Given the differences in design and application between OK lenses and DIMS spectacle lenses in myopia
control, further investigation into their potential differences in controlling myopia progression is of significant
importance. This study aims to systematically evaluate the effectiveness of OK lenses and DIMS lenses, both
individually and in combination with racemic anisodamine eye drops, in controlling myopia progression in
adolescents, providing evidence for safe and effective clinical strategies in myopia prevention and control.

Subjects and methods

Subjects

Clinical data were collected from 145 adolescents (280 eyes) diagnosed with myopia who attended the Department
of Ophthalmology of the First Affiliated Hospital of ChongQing Medical and Pharmaceutical College from July
2022 to October 2023. The participants were divided into four groups based on the myopia correction treatment
modalities: Group A: wearing DIMS spectacle lenses alone (35 participants, 70 eyes). Group B: OK lenses alone
(38 participants, 72 eyes). Group C: DIMS spectacle lenses combined with racemic anisodamine eye drops (35
participants, 70 eyes). Group D: OK lenses combined with racemic anisodamine eye drops (37 participants, 68
eyes). The study was approved by the Ethics Committee of the First Hospital Affiliated with Chongqing Higher
School of Medicine, and written informed consent was obtained from all participants and their guardians.

Inclusion and exclusion criteria

The inclusion criteria were as follows: adolescents who underwent comprehensive ocular assessments, including
evaluation of the anterior segment, unaided visual acuity, cycloplegic refraction, corneal topography, ocular
axial length measurement, corneal endothelial microscopy, fundus examination, and an overall assessment to
determine eligibility for the treatment modalities. The specific criteria were: (a) Age between 8 and 15 years; (b)
Children diagnosed with pure myopia with a corrected visual acuity of at least 5.0 in at least one eye; (c) A mean
spherical equivalent refraction (SER) between —1.00 D and —6.00 D, with regular astigmatism no greater than
—1.50 D; (d) No history of ocular or systemic diseases; (e) No prior use of interventions for myopia control,
including hard contact lenses, multifocal soft contact lenses, low-concentration atropine, or specialized frame
lenses other than mono-focal glasses. Participants in the OK lenses groups (Group B and D) were also required
to possess the necessary skills for lens use and care, including the ability to independently or with parental
assistance wear, remove, clean, rinse, and store the lenses.

Participants were excluded if they presented with any of the following: (a) Ophthalmological conditions
other than refractive error (e.g., ptosis, amblyopia, strabismus, congenital cataracts, glaucoma, retinal disorders);
(b) A family history of genetic myopia; (c) A prior history of ocular surgery; (d) Presence of systemic diseases
affecting vision or visual function; (e) Severe mental illness and cognitive dysfunction.

Data collection and follow-up
Basic information (name, sex, and age) and myopia-related ocular biological parameters were collected,
including: visual acuity, axial length, corneal curvature, and SER.

Participants were followed up at 3, 6, and 12 months after the baseline visit. At each follow-up visit, axial
length and SER were re-measured to assess changes over time.

Instrumentation and measurements

Ocular axial length were measured using an ophthalmic optical biometer (IOL Master 500, Carl Zeiss Meditec,
Germany). Each measurement was repeated at least five times per eye, and the mean value was recorded.
Refraction error was assessed using a Nidek ARK-1 computerized keratometer after pharmacological dilation
of the pupil. Compound tropicamide eye drops (Medrol) were instilled, and optometry was performed 30 min
after full ciliary muscle paralysis and pupil dilation (pupil diameter >6 mm). Measurements were repeated three
times per eye, and the mean value was calculated. Refractive error was expressed as the SER, calculated as:
SER = spherical power + (1/2 x cylindrical power).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows (version 26.0). For continuous
data, the Shapiro-Wilk test was used to assess normality. Data with a normal distribution were expressed as
mean *standard deviation (SD). Group comparisons were performed using the independent samples t-test
for two groups and one-way analysis of variance (ANOVA) for multiple groups. Non-normally distributed
data were analyzed using the Mann-Whitney U test. Categorical variables were expressed as n (%), and group
comparisons of sex and age distribution were performed using the chi-square test. A P-value of <0.05 was
considered statistically significant.
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Group Group A Group B Group C Group D F/X? | P
Cases (n)/ 35/70 38/72 35/70 37/68

eyes (n)

Male/Female (cases) 15/20 17/21 16/19 19/18 0.679 | 0.969
Age (years) 12.30£2.05 | 12.27+1.60 | 12.13+£1.26 |12.24+1.72 | 0.135 | 0.976

Spherical equivalent (D) | —3.14+1.75 | -3.26+1.81 | —3.18+1.63 | —3.21+1.42 | 0.097 | 0.913
Corneal curvature (D) 42.64+1.31 |4253+1.47 |42.71+1.23 |42.65+1.34 | 0.731 | 0.524
Axial length (mm) 24.41+£0.67 |24.35+1.05 |24.29+0.97 |24.37+0.89 | 0.436 | 0.574

Table 1. Baseline data. Note: Group A, wearing Defocus Incorporated Multiple Segments (DIMS) spectacle
lenses alone; Group B, orthokeratology (OK) lenses alone; Group C, DIMS spectacle lenses combined with
racemic anisodamine eye drops; Group D, OK lenses combined with racemic anisodamine eye drops.

Group Group A (Eyes n=70) | Group B (Eyes n=72) | Group C (Eyes n=70) | Group D (Eyes n=68) | F P

Baseline 24.43+0.39 24.34+0.58 24.23+0.59 24.36+0.52 1.733 | 0.161
3 months | 24.50+0.38 24.39+0.57 24.29+0.60 24.40£0.53 1.856 | 0.137
6 months | 24.65+0.38 24.45+0.58 24.39+0.58 24.43+0.50 3.521 | 0.016
12 months | 24.87+0.39 24.54+0.55 24.54+0.59 24.48+0.50 8.317 | <0.01

Table 2. Axial length in four treatment groups.

Group Group A (Eyes n=70) | Group B (Eyes n=72) | Group C (Eyes n=70) | Group D (Eyes n=68) | F P

3 months | 0.08+0.11 0.04+0.08* 0.06+0.07 0.03+0.06* 5.049 | 0.002
6 months | 0.21+0.13 0.09+0.12* 0.15+0.14** 0.06+0.12** 18.85 | <0.01
12 months | 0.43+0.19 0.19+0.17* 0.31+0.21** 0.11+0.16** 40.36 | <0.01

Table 3. Comparison of ocular axis elongation across four treatment groups. *P<0.01 vs. Group A; *P<0.01 vs.
Group B; ¥P<0.01 vs. Group C.

Results

Baseline characteristics

Table 1 presents the baseline characteristics of four patient groups undergoing different myopia correction
methods. No statistically significant differences were observed among the groups in terms of sex, age, SER,
corneal curvature, or ocular axis length (P>0.05), indicating that the baseline parameters were comparable
across the adolescent myopia correction groups.

Comparison of different myopia control methods on axial elongation

When comparing the effects of four myopia control methods on axial elongation, there were no significant
differences in axial length between the four groups at baseline (P> 0.05). The axial lengths during the follow-up
period are shown in Table 2. At 3 months post-treatment, the axial elongation in Group B (OK lens group) was
significantly less than that in Group A (DIMS lens group) (P<0.01). At 6 months post-treatment, in addition
to the aforementioned difference, the combination of racemic anisodamine eye drops were significantly more
effective in controlling axial elongation compared to the use of DIMS lenses or OK lenses alone (P<0.01). At
the 12-month follow-up, significant differences in axial elongation were observed among the four groups, with
Group D (OK lenses combined with racemic anisodamine eye drops) showing the least axial elongation (Table 3).

Comparison of spherical equivalent refractive changes

In the baseline, 3-month, 6-month, and 12-month follow-ups, there were no significant differences in the SER
between Group A and Group C (DIMS spectacle lens combined with racemic anisodamine eye drops) (P> 0.05)
(Table 4). However, at the 12-month follow-up, a significant difference in the change of SER was observed
between the two groups (P<0.01), with Group C showing a smaller change than Group A. This indicates that
the combination of racemic anisodamine eye drops with DIMS spectacle lenses is more effective in controlling
myopia progression compared to wearing DIMS spectacle lenses alone (Table 5).

Discussion

This study evaluated the effectiveness of different myopia correction methods in adolescent patients. The results
indicated that the use of OK lenses alone was more effective than wearing DIMS spectacle lenses, with the
combination of OK lenses and racemic anisodamine eye drops showing the most significant effect in controlling
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Group Group A (Eyes n=70) | Group C (Eyes n=70) |t P

Baseline -3.14+1.75 -3.18+1.63 0.140 | 0.889
3 months | —3.18+1.67 -3.12+1.52 0.222 | 0.824
6 months | —3.35+1.71 -3.23+£1.59 0.430 | 0.668
12 months | —3.56 £1.69 -341£1.62 0.536 | 0.593

Table 4. Spherical equivalent refraction in the groups.

Group Group A (Eyes n=70) | Group C (Eyes n=70) |t P

3 months | -0.05+0.28 0.04+0.25 1.726 | 0.189
6 months | —0.21+0.36 -0.06+£0.34 2.163 | 0.174
12 months | — 0.42+0.37 -0.23+£0.38 5.724 | <0.01

Table 5. Comparison of post-treatment spherical equivalent refraction change between groups.

myopia progression. These findings provide important evidence for the development of more effective clinical
strategies for myopia prevention and control.

The pathogenesis of myopia is complex. Studies have shown that myopia is not caused by retinal blur, but
rather by interference with the eye’s refractive system due to prolonged use of negative lenses (such as myopic
glasses) or near work, leading to excessive axial elongation'”!%. Negative lenses and near work increase the
accommodative load on the eye, gradually altering the ocular shape, ultimately resulting in the onset and
progression of myopia!®. Both OK lenses and DIMS spectacle lenses are based on the principle of “peripheral
myopic defocus” to control myopia progression. This mechanism involves creating myopic defocus in the
peripheral retina (focusing light in front of the retina), sending signals to the eye to inhibit axial elongation
and thereby slowing myopia progression?’. OK lenses work by applying mild pressure to the cornea during
overnight wear, reshaping the cornea to flatten the central area and induce myopic defocus in the peripheral
region, allowing for clear vision during the day without the need for glasses?!. In contrast, DIMS spectacle lenses
achieve the myopic defocus effect in the peripheral retina through optical design, without altering the shape of
the cornea?. Our study compared the efficacy of OK lenses and DIMS spectacle lenses in controlling myopia
progression. After 12 months of patient follow-up, we observed that while both methods effectively slowed
myopia progression, OK lenses demonstrated superior performance in controlling axial elongation.

Additionally, pharmacological intervention plays a critical role in myopia prevention and control. Tang et a
investigated the long-term efficacy of two combined treatments: low-dose atropine with OK lenses and low-dose
atropine with DIMS lenses in Chinese children and adolescents. The results demonstrated that the atropine-OK
combination showed superior efficacy in slowing ocular axial elongation and myopia progression. Both combined
approaches outperformed monotherapy with low-dose atropine or optical correction alone, emphasizing the
clinical value of combination therapies for long-term myopia management. Atropine, a muscarinic cholinergic
receptor antagonist?!, has been extensively studied and widely applied in myopia control. Low-concentration
atropine is associated with relatively fewer side effects®>. Racemic anisodamine, also an anticholinergic agent,
is widely used in China for the treatment of various conditions, including septic shock and organophosphorus
poisoning®®?’. The drug exerts its effects by blocking muscarinic cholinergic receptors, resulting in smooth
muscle relaxation, improved microcirculation, and antispasmodic properties?’. Although research on the
ophthalmic applications of racemic anisodamine is limited, its antispasmodic and microcirculation-enhancing
properties may hold potential for the ophthalmic treatments. In our study, the treatment group combining
racemic anisodamine eye drops with DIMS lenses demonstrated superior control over axial elongation and
increases in SER compared to group treated with DIMS lense alone. Furthermore, the combination of OK lenses
and racemic anisodamine eye drops showed significantly greater efficacy in controlling ocular axial elongation
compared to the combination of DIMS lenses and racemic anisodamine eye drops.

This study has several limitations. First, the observation period was only 12 months, which is relatively short
and insufficient to fully assess the long-term effects of different treatments on myopia progression. Second,
the relatively small sample size may limit the generalizability of the findings. Third, as a retrospective study, it
was not possible to strictly control participants’ daily wearing times and behavioral habits, which could have
introduced potential biases in the results. Furthermore, this study included data from both eyes of each subject
in the analysis. Future research should adopt an approach that analyzes only one eye per subject to better address
the issue of sample duplication. Lastly, the study did not include a high myopia group, which could have provided
insights into the efficacy of the treatments in individuals with more severe myopia. Future prospective, large-
scale studies are needed to further validate its efficacy and safety.

1.23

Conclusion

This study compared the effectiveness of OK lenses, DIMS spectacle lenses, and their respective combinations
with racemic anisodamine eye drops in controlling myopia progression in adolescents. The results demonstrated
that OK lenses were more effective than DIMS lenses in slowing axial elongation, and the addition of racemic
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anisodamine eye drops further enhanced the myopia control effect. These findings provide valuable insights for
the clinical application of myopia prevention and control strategies.

Data availability

The data used to support the findings of this study are available from the corresponding author upon request.
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