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Summary

Objective:

Many studies have shown that the myopes have abnormal accommodative characteristics. This
study aimed at measuring the accommaodative facility of myopes and non-myopes and compare
between them.

Method:

Distance and near accommodative facility in cycles per minute(cpm) were measured using £2 D
flippers. 100 patients (50 myopes and 50 non-myopes) aged between 15-25 years were taken as
the research participants visited in OPD of Mechi Netralaya and Ophthalmic Research Centre, of
Mechinagar-6, Jhapa. Only the right eye data was considered for the analysis. Difference
between the groups were analyzed with the ANOVA (Brown-Forsythe F Test).

Findings:

This Mean distance facility was significantly lower (5.3 £ 2.8 cpm) in the myopic group
compared with the mean distance facility in the non-myopic group (8.7 £ 3.1 cpm). Mean near
facility was also significantly lower (4.3 £ 1.8 cpm) in the myopic group compared with the
mean near facility in the non-myopic group (6.6 £ 2.4 cpm). But, both distance and near
Accommodative facility was not significantly different among the age groups. The area under the
receiver operating characteristics (ROC curve) for distance facility was 0.784 (P <0.001, 95%
Cl, 0.696-0.87), suggesting that distance cpm had only a fair ability to discriminate between
myopic and non-myopic eyes. Hence, the accommodative facility cannot be used as a stand-
alone discriminatory test to predict myopia.

Conclusions:

There was no any difference in the accommodative facility between age group. Myopic eyes
have reduced accommodation facility at both distance and near. However, accommodative
facility as a test does not have sufficient power to distinguish eyes with myopes and non-myopes
of age between 15-25 years.



Acronyms

cpm Cycle Per Minute

LOM Late Onset Myopia

OPD Out Patient Department

ROC Receiver Operating Characteristic
SER Spherical Equivalent Refractive error
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CHAPTER 1. INTRODUCTION

1.1 Background

Myopia has emerged as a major health issue in world, the prevalence of myopia has increased
rapidly in the past few decades. People with Myopia can see close objects clearly, but objects
farther away appear blurred; have difficulty clearly seeing a movie or television screen or the
whiteboard in school.

Accommodation is the ability of the eye to change the refractive power of the lens to
automatically focus on objects at various distances. There is a classic statement of a difference in
form of the ciliary muscle in myopic eyes, which can be taken as the starting point for a
discussion of differences in accommodation.(1) The association between sustained near work
requiring high levels of ocular accommodation and the development of myopia has been well
documented(2,3,5), which conforms the increased accommodative effort required during near
work as a causative factor in the development of myopia.

However, the relationship between accommodative demand and myopia is complex, because
there is invariably a link between the hereditary basis of myopia and environmental factors.
Although there is no consensus regarding the basis for development of myopia, there is
increasing awareness that prolonged and frequent close work is associated with the type of
myopia that emerges relatively late in life (>15 years). This type of refractive error is classified
as late-onset myopia (LOM), which is generally assumed to be environmental in origin rather
than caused by hereditary influences.(3)

Variations in the accommodation response have also been reported between refractive groups
under static closed-loop conditions. For example, myopic children have been shown to
accommodate significantly less to real targets than emmetropic children and there is growing
evidence from these studies to suggest that errors of accommodation are associated with
myopia.(4)

Ability of the eye/s to focus on stimuli at various distances and in different sequences in a given
period of time is called accommodative facility. Facility of accommodation measures the speed
of accommodative responsiveness (ability to alter accommodation rapidly and accurately) to
blur, using alternating negative—plano or negative—positive lenses to induce and relax
accommodation.(5)

In a study where the facility of accommodation in young adults with myopia was measured and
found the mean distance facility to be significantly lower in the myopic than in the emmetropic
subjects. It is reported that although the test was not sufficiently discriminating between subjects
with and without myopia, it held promise as a predictive test(6).



Heredity and environmental factors such as near work activity, outdoor activities, school
achievement, history of ocular disease, nutrition, residence, parental education, types of school,
night lightness and ocular hygiene are the contributing factors of myopia.(7)

In Nepal, the prevalence of myopia ranged from 10.9%, 16.5% and 27.3% in 10, 12 and 15 years
old respectively in urban region whereas <3% in 5-15 years children living in rural regions [6]. A
recent study done in school children, shows prevalence of myopia in urban is 15.5% and rural is
8.2 %.(8)

There is an endemic of myopia in Asia. The prevalence rate of myopia has been in climbing
ratio. In some part of Asia the prevalence of myopia is about 70-90 %.(9) Different studies
suggest different factors associated with myopia. Genetic factors play more substantial role in the
development of early-onset myopia. The children studying in private schools were twice as likely
to have myopia as compared to those studying in government schools.(10)

The studies to suggest that errors of accommodation are associated with myopia.(11) Studies also
found the mean distance facility to be significantly lower in the myopic than in the emmetropic
subjects.(5,12)

Accommodation is a complex constellation of sensory, neuromuscular and biophysical
phenomena by which the overall refracting power of the eye changes rapidly to image objects at
different viewing distances clearly on to the retina.(13)

The accommodative responses of early-onset myopes, late-onset myopes, emmetropes and
hyperopes were measured over a range of 5 Dioptres using an objective infra-red autorefractor.
Differences were found between the four refractive groups, with hyperopes accommodating
more for near targets than emmetropes, followed by early-onset myopes then late-onset myopes.
Moreover a strong correlation between the accommodative response gradient and refractive error
was found, suggesting that hyperopes accommodate more to a particular target than do
emmetropes or myopes.(3)

Children are more vulnerable group for developing myopia due to increase in near work activity,
continuous reading etc. Children are more focused in indoor activities such as watching
television, playing video games, spending more time in computer than outdoor activities. It is
still controversial that whether the myopia results from heredity factors or environmental
influences such as reading, close work, accommodation, diet etc. The aim of this study was to
identify the accommodative facility among myopes and non-myopes.

1.2 Rationale

The study of the characteristics of myopic eye and non-myopic eyes and its association with the
accommodation can help in developing causal model of accommodative facility in etio-
pathogenesis of refractive errors. Hence, this study aims to help in building science in the field of
characteristics of accommodative facility in myopic and non-myopic eyes.



1.3 Objectives

1.3.1 General Objective
To measure and compare accommaodative facility between myopes and non-myopes.

1.3.2 Specific Objective
a) To measure accommodative facility in myopes.
b) To measure accommodative facility in non-myopes
c) To determine whether accommodative facility can be used to predict an association
with myopia.

1.4 Research Question

a) What is the difference in accommodative facility among myopes and non-myopes?
b) Can we use accommodative facility to predict the myopia?

1.5 Study Variables
For this study, study variables were categorized into dependent and independent variables.

a) Dependent Variables
Dependent variables consisted variables like Accommodative Facility at Distance and
at Near

b) Independent Variables
Independent Variables consisted variables like Age, Gender, Refractive error.

1.6 Conceptual Framework

Accommodative facility is ability of the eye/s to focus on stimuli at various distances and in
different sequences in a given period of time. Clinically, this is measured either monocularly
or binocularly, usually by having the subject fixate a small target alternately through plus and
minus lenses, which are interchanged as soon as the target appears clear.

The operation is repeated many times and the results are commonly presented in cycles per
minute (one cycle indicates that both plus and minus lenses have been cleared) Following
conceptual framework has been developed for this study with extensive literature review:



Independent Variables Dependent Variables

Socio-demographic
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Accommodative
facility

Refractive errors

Figure 1-1: Conceptual Framework of the Study



CHAPTER 2. METHODOLOGY
2.1 Study Design
The study design is based on Correlation Quantitative Research Design.
2.2 Study Method
The study method is Quantitative Research Method.
2.3 Study Site

The Study was conducted on Out Patient Department (OPD) of Mechi Netralaya & Ophthalmic
Research Center (P) Ltd, Kakarvitta, Mechinagar 6, Jhapa, Nepal. It is a reputed eye hospital
with substantial number of patients visiting the OPD daily with various visual disturbances.
Geographically it is located near to boarder area between Nepal and India, providing services to
patients from India as well.
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Figure 2-1: Mechi Netralaya and Ophthalmic Research Centre Location Map



2.4 Study Population

Patients between age group of 15 to 25 years, either male or female having problem of Myopia
and Non Myopia attending OPD of Mechi Netralaya (Eye Hospital) were selected as the study
population. Patients visited to OPD in between the time period 2019, July 1st to August 2nd
week.

2.5 Sampling Technique
The sampling technique adopted for the study was non-probability and purposive sampling.
2.6 Sample Method and Size

Sample size of the study was 100 patients of age group of 15 to 25 either male or female.
Most of the younger aged group patients have Myopia as their refractive errors. Many of
young patients visiting the hospital OPD have normal vision. Hence, the sample size for this
study in accessing the accommaodative facility in myopes and non-myopes individuals was
achieved without difficulty.

2.7 Criteria for Sample Selection
Selection of cases were considered based on following criteria:
Age group 15 — 25 years
Based on Spherical Equivalent Refractive error (SER)
1% category Emmetropia <0.5 D and < -0.5 D
2" category Hypermetropia > +0.5 D and < 1.5 D
3" category Myopia>-0.5 D and < -1.5 D
Only right eye data was considered.
All samples should have corrected visual acuity of 6/6, Pupil Diameter < 5mm
Astigmatism less than + 1.00D,
2.8 Tools and Techniques for Data collection

The study was a Comparative Observational Study. Tools used for data collection were:
Accommodative Flippers, Snellen Chart, Snellen reduce near vision chart.

2.9 Data Collection

The face-to face interview was conducted by the surveyor to the respondents of the study. To
evaluate the ability of the eye to alter accommodation rapidly and accurately, accommodative



facility testing is often incorporated as a part of an ocular examination. The patient was given a
hand-held flipper containing a pair of +2.00D lenses on one side and —2.00D lenses on the other
side and is instructed to clear a row of reduced Snellen print at 0.4 m through one pair of lenses
and to flip to the other pair as soon as the print is readable.

Monocular accommodative facility for the right eye was investigated at both 6 meter and 0.4
meter. Accommodative facility in distance was measured with a plano/ -2.00D lens combination
mounted in a flipper with subject viewing 6/9 letters placed 6 meter away whereas at near
reduced 6/9 letters were viewed through a flipper consisting of a +2.00D/-2.00D lens
combination.

A pair of positive and negative flips is considered as one cycle, and the number of cycles
completed in a minute is recorded by the practitioner. This clinical standard for accommodative
facility testing was described by Zellers et al.(14)

The pilot test was carried out in the same hospital which was not sampled for the survey.
Specific Optometrist was allotted for the data collection and research team member supervised
the procedure of data collection.

2.10 Data Management and analysis

Completeness and return rate was calculated from the completed questionnaire on the same day
of the survey in the hospital. Data was then exported from Excel to SPSS V23 for analysis
purpose. Data was analyzed using descriptive statistics involving frequency and percentage and
bi-variate analysis was done to identify the influencing factors and relationships. Difference
between the groups were analyzed with the ANOVA (Brown-Forsythe F Test). After a
significant result, multiple comparisons were performed with the Games-Howell adjustment. The
level of statistical significance was maintained at P < 0.05.

2.11 Exclusion and inclusion Criteria

Those patients with refractive error between age 15-25 years was only included in the study.
Patient with myopic retinal degeneration, Amblyopia or any ocular disease were excluded.

2.12 Validity and reliability

The questionnaire was designed with the extensive literature review and the expert’s opinions.
Trained optometrist ran the ocular examination for the accommodative facility measurements.
Research team member supervised the data collection and test procedures.

2.13 Ethical Considerations

1. Ethical approval was taken from Nepal Health Research Council (NHRC) as per the
guidelines (Annex 1).



2. Approval was taken from the hospital authority before data collection (Annex 2).

3. Verbal and written consent was obtained from all participants and parent of minor age
group (Annex 3 and Annex 4).

4. The purpose of the study was clearly shared with each respondent.

5. Confidentiality was maintained on the personal issues and information of the respondents.

6. Voluntary participation was ensured.

2.14 Limitation of the study

Monocular accommodative response was measured in the study. The study population were
between the age group of 15-25 hence, respondent’s bias may occur due to the high literacy and
memory power of the study participants while assessing the accommodative response time. The
study sampled only the patient visiting to OPD of Mechi Netralaya and Ophthalmic Research
Centre.



CHAPTER 3. FINDINGS

This chapter shows the major findings from the study. Data from 50 myopic and 50 non-myopic
patients were collected. The chapter is divided into 3 sections namely: a) section for socio
demographic characteristics of the population sampled, b) Accommodative facility at Distance
and c) Accommodative facility at Near.

3.1 Socio demographic Characteristics

The study was conducted with the data of 50 myopes and 50 non-myopes. The mean age of the
response was 20.69 + 3.76 years. Socio-demographic background of participants in the study is
summarized in the Table 3-1:

Table 3-1: Socio-demographic Characteristics of research participants( n=100)

Variables Classifications Frequency(%o)
Gender Male 40(40)
Female 60(60)
Age Group (In years) 15-18 32(32)
19-22 28(28)
23-25 40(40)
Education School 28(28)
Intermediate 37(37)
Bachelors 24(24)
Masters 11(11)

The study participant comprises 40 male and 60 female participants of age group 15 to 25.
Majority of the research participants are from the age ranging from 23 to 25(40%). Regarding the
educational qualification 28% had completed school level education, 37 % intermediate, 24 %
Bachelors and 11 % completed masters.

The study assessed the refractive error of only the right eyes of the participants. Of the 100 right
eyes, 50(50%) were myopic and 47(47%) emmetropic and 3(3%) hyperopic. The findings are
shown in Table 3-2.



Table 3-2: Categories of Refractive errors (n=100)

Variables Classifications Frequency(%o)
Non-myopes Emmetropia 47(47)
Hypermetropia 3(3)
Myopes Myopia 50(50)

3.2 Accommodative facility at Distance

The mean distance facility for the total study population was 7.0 + 3.38 cpm. The mean distance
facility for myopic eyes was 53 * 2.8 cpm, whereas non-myopic eyes were 8.7+
3.1(Emmetropic 8.8 £ 3.2 cpm and hypermetropic 7.3 £ 1.2 cpm). Similarly, age group of 15-18
years recorded 7.0 £ 3.5 cpm, 19-22 years’ age group 6.4 £ 3.3 cpm and 23-25 years age group
7.4 + 3.3 cpm at distance (Table 3-3).

Table 3-3: Distance Facility

Refractive status Mean + SD Range F P Value
Emmetropia 8.8+3.2 3-15
; Hypermetropia 7.3+1.2 6-8
Refractive 16.454 <0.001
errors Myopia 53+2.8 0-12
Total 7.0+3.38 0-15
: Myopes 53238 0-12
Myopia and 32.3 <0.001
Non-Myopia  nNon Myopes 8.7 £3.1 3-15
15-18 years 7.0+£35 0-14
Age Group 19-22 Years 6.4+3.3 1-15 0.73 0.48
23-25 Years 7.4+3.3 2-13
Male 7.86 + 3.58 0-14
Gender 4.47 0.037

Female 6.42 +£ 3.15 1.5-15
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The difference in the mean accommodative facility at distance between myopic eyes and non-
myopic eyes were found significantly different. There was a significant difference between the
groups (F = 16.454, P< 0.001), with myopic eyes recording a significantly lower number of cpm
than emmetropic and hyperopic eyes. There were no differences between emmetropic and
hyperopic eyes (P = 0.284). The study found that age group (F = 0.73., P= 0.48) of the adult
patients was not significantly associated with the mean accommodative facility at distance.
Similarly, mean cpm at distance was found to be significantly different between the gender of the
patient (F = 4.47, P= 0.037), where male patients have lower mean cpm than that of female
patients group.

Data were further analyzed to determine whether it is possible to distinguish between myopic
and non-myopic eyes by using distance facility. The sensitivity and specificity for the distance
cycles per minute were calculated along with the area under the Receiver Operating
Characteristic (ROC) curve. The area was 0.784 (P<0.001, 95% CI, 0.696-0.873), suggesting
that distance cpm had a fair ability to discriminate between myopic and non-myopic eyes.

Predictive values plus sensitivity and specificity were computed for three categories of distance
cycles per minute, to determine whether distance cycles per minute can be used as a predictive
measure (Table 3-4). The highest negative predictive value for myopia was distance cpm > 7.5
(74.4%, sensitivity 64.0%). Of the positive predictive values, the most predictive was for cpm <
5.5 (78.1%, sensitivity 50.0%).

ROC Curve

1.0

0.5

0.6

Sensitivity

0.4

0.0 T T T
0.0 02 0.4 08 0.8 1.0

1 - Specificity

Diagonal segments are produced by ties.

Figure 3-1: ROC Curve
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Table 3-4: Distance Facilities for Predicting Myopia

Distance Facility Myopes Non-Myopes

<5.5cpm

Frequency 25 7

% within cpm 78.1% 21.9%

% within refractive error group 50.0% 14.0%
6-7 cpm

Frequency 14 11

% within cpm 56.0% 44.0%

% within refractive error group 28.0% 22.0%
>7.5¢cpm

Frequency 11 32

% within cpm 25.6% 74.4%

% within refractive error group 22.0% 64.0%

3.3 Accommodative facility at Near

The mean near facility for the total study population was 6.6 £ 2.5 cpm. The mean near facility
for myopic eyes was 4.3 + 1.8 cpm, whereas, non-myopic eyes was 6.6 + 2.4 (Emmetropic 6.6 +
2.5 cpm and hypermetropic 6.3 + 1.5 cpm). Similarly, for near facility age group of 15-18 years
recorded 5.5 + 2.3 cpm, 19-22 years age group 4.7 = 1.9 cpm and 23-25 years age group 5.9
2.8 cpm (Table 3-5).

12



Table 3-5: Near facility

Refractive status Mean + SD Range F P Value
Emmetropia 6.6+25 3-14
; Hypermetropia 6.3+1.5 5-8
Refractive 14.92 <0.001
errors Myopia 43+1.38 1-9
Total 54+24 1-14
. Myopes 43+18 1-9
l'll/'yo'?\'/la and 30.09 <0.001
on-vyopla  Non Myopes 6.6 +2.4 3-14
15-18 years 55+£23 1-9
Age Group 19-22 Years 47+19 1-8 2.09 0.128
23-25 Years 509+238 2-14
Male 5.52 +2.46 1-14 0.113 0.737
Gender
Female 5.35+2.39 1-14

As with distance facility, there was significant difference between the refractive error groups in
the mean near facility (F=14.924, P<0.001) with myopic eyes recording a significantly lower
number of cpm than emmetropic and hyperopic eyes. There were no differences between
emmetropic and hyperopic eyes (P = 0.273), Age group (F=2.09, P=0.128) and gender (F=0.113,
P=0.737) were found to be not associated with the near cpm.

13



CHAPTER 4. DISCUSSION

The chapter discusses the findings of this study and compares the result with findings of other
similar studies.

The mean distance accommodative response for all our study participants in our study 7.0 + 3.38
cpm is similar to other studies (12,15). Myopic eyes had mean distance accommodative response
5.3 + 2.8 cpm whereas, non-myopic eyes had mean distance accommodative response 8.7 = 3.1
cpm. Our findings showed that the accommodative facility at distance is significantly different
between myopic eyes and non-myopic eyes. The depression in Accommodative facility at
distance in myopic eye than the non-myopic is highly significant statistically. O’Leary and
Allen reported adult myopes to have lower accommodative monocular distance facilities (9.7
6.3 cpm) in comparison to adult emmetropes (15.6 £ 6.8 cpm)(5). Similar finding has been
recorded in other similar studies done in Australia(12) and other parts of the globe(11).

But the study of Pandian et. al.(12) reports no difference in the near accommodative facility
between myopic eyes and non-myopic eyes of children, but our result shows that there is
statistically difference in mean near accommodative facility between myopic eyes and non-
myopic eyes.

Previous reports have confirmed an increasing trend in accommodative facility with age,
particularly during the early years of schooling. But our study resulted no significant difference
between the mean accommodative facility at distance and near. This may be due to the difference
in age group of our study population who are between 15 to 25 age group. Studies have
confirmed that accommodation appears to stabilize as children progress into adulthood(15),
hence in our study too there seems no difference in the accommodative facility within the age
group in adulthood.

In this study, we also sought to determine whether distance facility could be used as a test to
discriminate between myopic and non-myopic eyes, which was also assessed by Pandian et. al.
in their study(12) so that we can support their findings in determining the refractive error with
the help of accommodative facility test . The test is rapid and can be used in patient easily. And
similar to the findings of Pandian et. al., ROC values in our study also suggest that
accommodative facility cannot be used as a stand-alone discriminatory test for myopia.

Although distance cpm > 7.5 was highly predictive (74.4%) and sensitive for non-myopia (64.0).
This finding means that using distance cpm > 7.5 to discriminate between myopic and non-
myopic eyes could result in many false positives in the population. A more useful measure may
be to track eyes for development or progression of myopia. Distance cpm < 5.5 was seen to be
most predictive of myopia (78.1%), and therefore it may be beneficial to track eyes in this group
for development or progression of myopia. Similar findings was recorded in the study of
Pandian(12) regarding the negative predictive value for myopia was distance cpm > 7 (99.4%,
sensitivity 85.0%).

14



CHAPTER 5. CONCLUSION AND RECOMMENDATION
5.1 Conclusion

Myopic eyes showed significantly lower rate of accommodative facility at both distance and near
than the non-myopic eyes in same age group of 15 to 25 years. We also sought to determine if
distance facility could be used as a test to discriminate between myopic and non-myopic eyes.
However, our ROC value suggested that the accommodative facility cannot be used as a stand-
alone discriminatory test for myopia. Due to the cross-sectional nature of the study, the role
played by the accommodative dysfunction in the development of refractive errors is not clear. A
variety of factors may play role in developing the kind of refractive errors.

5.2 Recommendation

Further study should to explore relation between patient behavior and environment setting and
accommodative facilities to different refractive error. Large scale prospective study on the topic
should be carried out to develop more strong causal relationship between accommodation and
myopia.
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