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ABSTRACT

Aim: We aimed to evaluate the relationship between the subjective and objective refractive error measurement difference and
myopia progression in this study.

Material and Method: Children between 6-18 year-old at the beginning of the follow-up period having myopia and who were
followed up regularly every six months and for a total of at least 36 months were included in the study. All children underwent
a detailed ophthalmologic examination. An autorefractor (TOPCON KR1/RM1, Topcon, Oakland, New Jersey), was used to
evaluate the refractive error. Those with a refractive error difference of less than 0.50 D (spherical equivalent) before and after
cycloplegia were included in group 1. Those with a refractive error difference of higher than 0.50 D were included in group 2.
Myopic progression of the groups was compared.

Results: This study comprised 44 patients (male, 23; female, 21) in group 1 and 42 patients (male, 22; female, 20) in group
2. The age range and mean age+SD of patients in group 1 were 6-17 years and 11.4+3.0 years, respectively, whereas that of
patients in group 2 was 6-17 years and 12.6+3.3 years, respectively. Both groups were followed for similar periods (p= 0.141).
It was 37.5%2.4 (range 36-48) months in group 1 and 36.8+1.6 (range 36-42) months in group 2. The range and mean of the
cycloplegic refractive error at the beginning of the following period in group 1 were -2.37+1.15 D, and -1.75+0.99 D in group 2
respectively (p=0.010). At the end of the following period, the mean cycloplegic refractive error were -2.73+1.11 D in group 1,
and -3,33+0.91 D in group 2 respectively (p= 0.008). During follow-up, the change in cycloplegic refractive error was 0.36+0.16
D in group 1, and 1.57+0.46 D in group 2. It was significantly lower in group 1 than group 2 (p< 0.0001).

Conclusion: We demonstrated that myopic children having high baseline difference between the objective and subjective
spheric equivalent measurements had more myopia progression.
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INTRODUCTION

Myopia is one of the main causes of childhood blindness
(1). Research on myopia is gaining more attention as it has
become a worldwide public health issue. Although mild
to moderate myopia is usually innocuous, high myopia
may lead to significant ocular morbidities like cataract,
retinal detachment, macular hole, and glaucoma (2).
Therefore, understanding the pathophysiology of myopia
progression is a significant issue. Risk factors for myopia
progression are still unclear. Nevertheless genetics,
ethnicity, age and near work are the mostly emphasized
factors in myopia progression (3-6).

Corresponding Author: Siicattin Ilker Kocamis, drilkerkocamis@gmail.com

EY MG HD

Excessive accommodation and ciliary muscle spasms
due to the sustained near work lead to the alteration of
the lens and myopic defocus on the retina subsequently.
In the Tehran eye study, it was found that the difference
between the objective and subjective refractive error
was up to 0.71 Diopter (D) in 5-10 years children (7).
According to the Chinese Medical Association of
Ophthalmology, accommodative factors are taking part
in %60 of the myopic school aged children (8). Therefore,
accommodative incongruences might be a research issue
for myopia progression.
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Cycloplegic refraction should be employed especially
in children while detecting the exact refractive error.
Cycloplegia eliminates the accommodation and prevents
the overestimation of myopia (9). Pseudo myopia is
defined as high myopia due to the accommodative
spasm which caused by the prolonged near work. After
cycloplegia, myopia is disappeared in pseudo myopia.
Despite that, myopia still exists and is not decreased more
than 0.50 D in true myopia (8). In our clinic, we observe
patients with more than 0.50 D myopia decrease and still
having myopia after cycloplegic refraction. Accordingly,
we aimed to evaluate the relationship between the
subjective and objective refractive error measurement
difference (SOD) and myopia progression in this study.

MATERIAL AND METHOD

This study was planned retrospectively to review
patients who came to the ophthalmology department
with the complaint of farsightedness or diagnosis of
myopia between December 1, 2016 and to March 30,
2021. This study was approved by the Ethics Committee
of the Sakarya University Medical School (Date:
25.10.2021, Decision No0:74730), and all procedures
were performed adhered to the ethical rules and
principals of the Helsinki Declaration.

Children between 6-18 year-old at the beginning of the
follow-up period having myopia and who were followed
up regularly every six months and for a total of at least 36
months were included in the study. The exclusion criteria
were as follows: strabismus, best- corrected visual acuity
<10/10, astigmatism > 1.00 D in either eye, anisometropia
of >1.0 D between the two eyes, any ocular disorders
which may contribute to refractive error change such as
cataract and keratoconus, and the usage of any methods
to prevent myopia progression.

All children underwent a detailed ophthalmologic
examination. Visual acuity with and without correction
was tested using Snellen chart. The children were examined
monocularly (right eye followed by left eye). A cover test was
used to check for the presence of strabismus. For each child,
adrop of topical anesthetic (ALCAINE; Alcon Laboratories,
TX, USA), and then two drops of 1% cyclopentolate
(SIKLOPLEJIN; Abdi Ibrahim, Ist, Turkey) were applied
at five-minute intervals. Thirty minutes after the last drop,
a third drop of cyclopentolate was administered if the
pupillary light reflex was still present. An autorefractor
(TOPCON KR1/RM1, Topcon, Oakland, New Jersey), was
used to evaluate the cycloplegic refractive error.

Those with a refractive error difference of less than 0.50
D (spherical equivalent) before and after cycloplegia
were included in group 1. Those with a refractive error
difference of higher than 0.50 D were included in group
2. Myopic progression of the groups was compared.
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Data were statistically analyzed using the statistical
package for social sciences package v.25.0 (SPSS Inc.,
Chicago, IL, USA). The Shapiro-Wilk test was used to
assess the normal distribution and Levene’s test was used
to assess variance homogeneity. Independent Sample T
Test, Paired Sample T Test and Chi Square Test were also
used to evaluate the significant differences between the
groups. The value of statistical significance was set at P
0.05

RESULTS

This study comprised 44 patients (male, 23; female, 21)
in group 1 and 42 patients (male, 22; female, 20) in group
2. The mean age+SD of patients in group 1 was 11.4+3.0
years (range 6-17 years), whereas that of patients in
group 2 was 12.6+3.3 years (range 6-17 years) (p=0.069)
(p=0.069). Both groups were followed for similar periods
(p= 0.141). It was 37.5+2.4 (range 36-48) months in
group 1 and 36.8+1.6 (range 36-42) months in group 2
(Table 1).

The range and mean of the cycloplegic refractive error
at the beginning of the following period (T0) in group
1 were -2.37+1.15 D, and -1.75+0.99 D in group 2
respectively (p= 0.010). At the end of the following
period (T1), the mean cycloplegic refractive error were
-2.73£1.11 D in group 1, and -3,33+0.91 D in group 2
respectively (p= 0.008). During follow-up, the change in
cycloplegic refractive error was 0.36+0.16 D in group 1,
and 1.57+0.46 D in group 2. It was significantly lower in
group 1 than group 2 (p< 0.0001) (Table 1).

Table 1. Demographics of groups and distribution of variables by
group

Growpl  Growp2  pyyy
Sex F/M 23/21 22/20 0.992
Age, year 11.4+3.0 12.6+3.3 0.069
Period, month 37.5+2.4 36.8+1.6 0.141
TO0, D -2.37£1.15 -1.75£0.99 0.010
T1,D -2.73%1.11 -3,33£0.91 0.008
AT, D 0.36+0.16 1.57+ 0.46 <0.0001
D: Diopter, F: Female M: Male, TO: the cycloplegic refractive error at the beginning
of the following period, T1: the cycloplegic refractive error at the end of the following
period, AT: the change in cycloplegic refractive error

DISCUSSION

In this study, we found that myopic children having
greater amounts of SOD initially were more prone to
myopia progression. This finding is also in agreement
with the outcome of a research derived from the Beijing
Myopia Progression Study (10). This study enrolled
two hundred and nineteen children aged 6-17 with
three years follow up time. It was stated that baseline
SOD was correlated with the myopia progression but
not associated with onset of myopia. We think that the



] Health Sci Med 2022; 5(1): 287-290

Kocamis et al. The difference between the cycloplegic and noncycloplegic refractive error

result of our study is important regarding that it can be
employed as a useful method to determine the specific
patient population that needs treatment in order to
prevent myopia progression.

The possible relationship between the accommodation
and myopia has been extensively discussed for a long
time. In animal models, it was demonstrated that
administration of minus lenses provoked the elongation
of the eye and myopia (11,12). Based on these studies,
it was claimed that insufficient accommodation
response to the accommodative stimuli, lag of
accommodation, may lead to the hyperopic blur on the
retina and cause axial elongation eventually (13,14).
Thus, undercorrection of myopia was suggested as
a solution to halt the progression. However, it was
claimed that undercorrection had no effect on slowing
the progression (15). Moreover, some studies showed
that undercorrected children had more myopia
progression than the fully corrected children (16,17).
Undercorrection induces myopic defocus like excessive
accommodation does. Therefore, we think that myopic
defocus due to excessive accommodation may lead to
the myopic progression in our study. Moreover, Jin et
al’s (18) recent study showed that SOD is negatively
correlated with the accommodation lag. Based on this
study, we can state that myopia progression in our study
cohort is not associated with the high accommodation
lag. Additionally, in Hussaindeen et al. (19) study, it was
demonstrated that in myopic eyes having more than 1D
difference in SOD, all of the accommodation factors
other than the accommodation amplitude were not
significantly different than the control group.

There are numerous works indicating the possible relation
between the near work and the myopia progression,
thus supporting the potential role of accommodation
in myopia progression (20,21). Nevertheless, attempts
to modify the accommodation and slowing the
myopia progression with undercorrection, bifocal and
multifocal spectacles seem to have mild and clinically
nonsignificant outcomes (22). In a clinical study, bifocal
soft contact lenses and spherical soft contact lenses were
employed in the contralateral eyes of the myopic children
simultaneously. After a certain period, the lenses were
switched and used for the same amount of time. It was
demonstrated that bifocal contact lenses slowed myopia
progression much more compared to soft spherical lenses
even after the switching (23). This study indicated that
peripheral myopic defocus might be the notable factor
rather than the accommodation in myopia progression
as the accommodation was modified evenly in both
eyes. Also, it was shown that despite the intensity of the
near work increases with the age, the myopia does not
progress (24).

It was proposed that accommodation errors might be a
consequence of myopia rather than the reason of it (25).
The amount of SOD was gradually decreased in high SOD
group after the full correction with spectacles throughout
the follow up in the Lin et al. (10) aforementioned study.
Therefore, we can assert that excessive accommodation
might be induced due to the uncorrection of myopia
during certain amount of time. However, in our study,
we do not exactly know since when they had been
myopic before the treatment. Another significant agent
administered in myopia progression is atropine. Based
on the animal studies, it is thought that atropine does
not slow the myopia via reducing the accommodation
(26). However, the exact mechanism is still unknown.
We think that adopting the animal models exactly into
human pathophysiology may cause bias. We cannot
fully exclude the role of accommodation mechanism
according to the fact that rebound effect is seen after the
cessation of the atropine (27). Accordingly, we suggest
the administration of atropine to the myopic patients
having initial SOD more than 0.50 D and progressive
myopia in order to benefit from both cycloplegic effect
and neuromodulator effect of the atropine to halt the
myopia progression.

Our study has some drawbacks mostly arises from the
nature of retrospective design. Firstly, our sample size
was relatively small. Secondly, axial length measurements
were absent. However, initial cycloplegic refractive
error was higher in low SOD group than the high SOD
group. It was suggested that higher initial myopic error
would lead to more myopia progression (28). Therefore,
the results in this study reinforce our hypothesis.
Nonetheless, comparing the differences in axial lengths
in both groups would contribute to myopia progression
evaluation. Thirdly, no data about the near work activities
were present. On the other hand, all the children were
school aged children. Lastly, it is known that higher order
aberrations can have effect on the measured SOD (29).
Corneal aberrations were not measured in our study
cohort. However, it was presented that there was no
statistically significant difference in aberrations between
the myopic eyes having high SOD and having normal
SOD (18).

CONCLUSION

In conclusion, we demonstrated that myopic children
having high baseline difference between the objective and
subjective spheric equivalent measurements had more
myopia progression. Further prospective studies with
larger sample sizes are needed to investigate whether this
difference is a consequence of untreated myopic error for
a certain amount of time and its possible relation with the
myopia progression.
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