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ABSTRACT
Introduction: Myopia is emerging as a public health emergency worldwide. Low dose atropine has been 
proven to be safe and efficacious in halting the progression of myopia. 

Objectives: Aim of this study was to evaluate safety and efficacy of low dose atropine in Nepalese children 
with progressive myopia.

Materials and methods: It is a prospective non randomized interventional study. Children with myopia 
progression of >0.5D in the last six months with baseline myopia of -1.5 to -8 Diopter and astigmatism 
of 3 D or less were prescribed 0.01% atropine daily at bedtime for two years. Demography including 
age, gender, race, and examinations including anterior and posterior segment, axial length, near point of 
accommodation and near vision were recorded in all the children. Ocular and systemic side effects were 
documented. 

Results: A total of 200 children were enrolled in the study. Mean age was 11.9±2.97 years with 41% 
female. Baseline mean axial length was 24.47±1 and mean spherical equivalent was 3.69±1.33. Average 
increase in axial length was 0.18(±0.02), 0.17(±0.02), and 0.19(±0.04) mm in six months, one year, and 
two years respectively. The increase in spherical equivalence was 0.2 (±0.01), 0.3(±0.02), and 0.3(±0.02)) 
diopter in six months, one year, and two years respectively. The myopia progression was found more in the 
Mongolian race compared to the Aryan race. No ocular or systemic side effects were documented. 

Conclusion: Topical low dose atropine appears to be safe and efficacious in halting the progression of 
myopia in a cohort of Nepalese children. Further randomized control trial on various doses of atropine are 
recommended.
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INTRODUCTION

Myopia is one of the leading causes of 
childhood visual impairment worldwide. The 
global prevalence of myopia is 22.95% (Holden 
et al, 2016). It has been estimated that around 
49.8% of people worldwide will develop 
myopia by year 2050 (Nouraeinejad, 2021). 
The prevalence in some east Asian countries 
are very high with prevalence increased up 
to 80% in young adults. (Ma  et al, 2016). 
In China, the prevalence of myopia reaches 
5.2% in children aged six years, nearly 70% 
in seventh-grade students, and exceeds 80% in 
university students (Ohno-Matsui and Jonas, 
2020; Li et al, 2013). It is a disease of concern 
as high myopia may lead to complications 
such as choroidal neovascularization, retinal 
detachment, glaucoma which ultimately may 
results into irreversible blindness (Dragoumis et 
al, 2017; Ohno-Matsuik, 2012). Because of 
increased near work, urbanization, and less 
time in outdoor activities, myopia has emerged 
as a public health problem in both Asia and 
western countries (Pan et al, 2012). Pathologic 
myopia is estimated to have a global prevalence 
of 0.9%-3.1%, and it is the cause of low vision 
in 5.8%-7.8% of Europeans and 12.2%-31.3% 
of east Asians (Hayashi et al, 2010). Myopia is, 
therefore, a significant public health problem 
due to its increasing prevalence, associated 
visual morbidity, visual disability with reduction 
in the quality of life, and its considerable cost 
for correction. Studies from Nepal have shown 
myopia as the most common cause of refractive 
error. Its prevalence ranges from 10-25% in 
Nepalese population (Pokharel  et al, 2000; 
Adhikari, 2013; Pokharel et al, 2010). Myopia 
usually commences during primary school 
and progresses until adolescence {correction 

of myopia evaluation trial (COMET), 2013}. 
Therefore, controlling myopia during this 
growing age of six years to 18 years is 
essential. There are different modalities of 
treatment for halting the progression of myopia. 
Interventional approaches such as bifocal 
glasses, progressive lenses, orthokeratology, 
and anticholinergic eye drops are current 
methods to suppress the progression of myopia 
(Huang et al, 2016; Cheng et al, 2014; Cho and 
Cheung, 2012; Gwiazda et al, 2003). Atropine 
is a non-selective muscarinic antagonist. The 
mechanism for retarding the progression of 
myopia with atropine is based on the actions 
at the choroid or the sclera ( Tan  et al, 2016; 
Chua et al, 2006).

Atropine eye drops were first proposed as a 
treatment of myopia in the 1920s. Since then, 
there have been numerous studies on this 
subject. However, evidence from randomized 
controlled trials has become available only over 
the last two decades. These trials confirm that 
atropine eye drops are effective in the control of 
myopia in a dose-dependent manner ( Saxena et 
al, 2021; Wei  et al, 2020; Joachimsen  et al, 
2019; Moon and Shin, 2018; Clark and Clark, 
2015; Chia et al, 2012 ). Atropine for myopia 
control is still a very new concept in Nepal with 
no reported study on its safety and efficacy in 
Nepalese children. It is important to determine 
the effects of atropine in different countries 
and racial groups to confirm whether similar 
or unique effect exists. It is also important to 
identify the risk factors associated with myopia 
progression in children. There is a handful 
studies on effect of race and ethnicity in the 
progression of myopia (Loung, 2020; Hyman et 
al., 2005). In Nepal, there are chiefly two race 
types, Aryans and Mongols. The Mongols are 
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the Tibeto-Burman races similar to the Chinese 
population. Aryans are similar to Caucasian race 
(Kafle, 2022; Pokharel, 2013). Our study is an 
ongoing five-year long prospective study being 
conducted in three phases. In this paper we 
analyze the initial two years result of the effect 
of low dose atropine in myopia progression in 
Nepalese children including two racial groups.

MATERIALS AND METHODS

It is a prospective non randomized interventional 
study. The study was approved by the 
institutional review committee of Tilganga 
Institute of Ophthalmology (Reference number 
23/2018). The study adheres to the tenets of 
declaration of Helsinki. Nepal Atropine Myopia 
study is an ongoing five-year study December 
2018 to December 2023) being conducted in 
three phases. Phase I is the treatment phase 
in which children were treated with low dose 
atropine 0.01% for two years. The phase II is 
the washout phase in which the treatment will 
be stopped and children will be followed up for 
12 months. The phase III is the follow-up study 
in which children with myopia progression 
more than 0.5D SE will be restarted with the 
atropine for another 24 months. In this paper we 
have analyzed the data of phase I of the study. 
Informed consent was taken from all the parents 
of children less than 12 years old and informed 
assent was taken from children 12 years and 
older.

Children aged 6 years to -16 years presenting 
in the outpatient department with baseline 
myopic refractive error of -1.5 D to -8 D, the 
astigmatism of 3D or less and progression of 
myopia of more than -0.5D prior to the start 
of atropine were included in the study. The 

prior myopia progression was determined 
by Electronic medical record data, patient’s 
previous prescription. Children with any other 
associated ocular diseases causing a decreased 
in vision were excluded. Children with severe 
developmental delay or systemic diseases were 
excluded from the study. 

Information on demography including age, sex, 
racial group were collected from each child. 
Children were divided into two racial groups, 
Aryans and Mongols.

All the children underwent following clinical 
examinations:

Distance visual acuity examination was done 
by using Snellen’s E chart, and near acuity was 
examined by Rosenbaum near vision acuity 
card.

Cycloplegic refraction using 1% cyclopentolate 
drop instilled three times in 10 minutes apart 
and wet retinoscopy after 45 minutes by using 
Heines retinoscope. 

Post mydriatic test for subjective refraction 
after three days of wet refraction.

Anterior segment examinations using slit lamp 
biomicroscope Haag Streit Germany.

Posterior segment examination using slit lamp 
biomicroscope and 90D condensing lens.

Axial length measurement was done by Nidek 
inc A Scan device. 

Near point of accommodation and convergence 
were measured using Royal Air Force (RAF) 
ruler. All these parameters were taken as baseline 
value. Refractive error was documented as 
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spherical equivalence. Children were treated 
with commercially available 0.01% atropine 
eye drop every day at bedtime for two years. 
The drop was Atrop PD prepared by Aurolab 
in Aravind Eye Hospital Madurai India. The 
medicine was made available by the authorized 
distributor of Aurolab in Nepal. The first 
follow-up was done in three months. Parents 
were asked about any ocular or systemic 
side effects of drug. The subsequent follow-
up examinations were done at six months 
one year, and two years. Findings from six 
months, 12 months, and 24 months follow-up 
were taken for analysis. Data collection, data 
coding, and cleaning were done in Microsoft 
Excel. The cleaned data were transported to 
IBM SPSS Statistics for Windows, version 25 
(IBM Corp., Armonk, N.Y., USA) for statistical 
analysis. For continuous variables, normality 
was checked using Kolomogorov Smirnov test 
and independent t-test was used for statistical 
difference. P value <0.05 was considered as 
statistically significant.

RESULTS

A total of 200 children who fulfilled inclusion 
criteria were enrolled in the study. There were 
106 (53%) male and 94 (47%) female. The mean 
age of children at the time of presentation was 
11.9±2.97 years. There were 31% of children 
between the age of six years and 10 years and 
69% of children between 11 years to 16 years. 
The mean age of onset of myopia was 8.9±2.75 
years (Table 1). 

Results were analyzed at six months, one 
year, and two years. Among children enrolled 
in the study, 70% completed six months 
follow-up, 67% completed one year, and 50% 
completed two years follow-up. The mean 
spherical equivalence at six months, one year, 
and two years were 3.96±1.4, 4.22±1.5, and 
4.56±1.6) respectively. Similarly, mean axial 
length at six months, one year, and two years 
were 24.65±0.98, 24.82±1.02, and 25.01±1.06 

Table 1: Baseline characteristics of children.

Variables Mean±SD Range

Age in years 11.9±2.97 6-16
Mean SE of refractive error in Diopter 3.69±1.38 2-8
Mean axial length in mm 24.47±1.00 22.29-26.63
Mean age of onset of myopia (years) 8.9±2.75 2-15

Variables Categories Number (Percent)

Spherical equivalence of refractive error
Mild (<2D) 24 (12)

Moderate (2-8D) 176 (88)

Race
Aryans 110 (55)

Mongols 90 (45)
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respectively. On analyzing the increase in axial 
length and spherical equivalence, we found 
that there was mean increase in the spherical 
equivalence of 0.18, 0.17, and 0.19 in six 
months, one year, and two years respectively 
(P <0.01). Similarly mean increase in the axial 
length was 0.2, 0.3, and 0. 3 in six months, one 
year, and two years respectively (P <0.01). 

Figure 1 shows the rate of progression of 
myopia (Spherical equivalence) from baseline 
at six months, one year, and two years. 

Similarly, Figure 2 shows the rate of change in 
axial length from baseline in six months, one 
year and two years. 

Figure 1: Rate of progression of spherical equivalence from baseline at six months, one year, 
and two years.

Figure 2: Rate of progression of axial length from baseline at six months, one year and two 
years.  
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We compared the rate of progression of myopia 
in terms of spherical equivalence in two races. 

The mean baseline spherical equivalence and 
the subsequent increase was more in Aryan race 
than the Mongolian races (P <0.01) (Figure 3). 

Similarly, the baseline axial length and the 
subsequent rate of progression was more in Aryan 
races than the Mongolian race (P <0.01) (Figure 4).

Figure 3: Mean spherical equivalence comparison in Aryans and Mongols races.

DISCUSSION

Atropine 0.01% has been used widely in 
different countries, races and ethnic groups with 
proven safety and efficacy. However, this is the 
first time it has been used in Nepal. Our data 
show a significant effect of low dose atropine 
in myopia progression. Findings of this study 
concur with the findings from other similar 
studies (Vidhya et al, 2020; Loughman and 

Figure 4: Mean axial length comparison in Aryans and Mongols races.
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Flitcroft, 2016; Nishiyama et al, 2015;Wu et al, 
2011 ). Atropine for the Treatment of Myopia 
(ATOM) is the milestone study of the use of 
atropine for myopia progression. We did not find 
any ocular and systemic side effects. Similarly, 
we did not document any change in the near 
vision and near point of accommodation in our 
population. Table 2 shows the results of our 
findings compared with some landmark studies 
in south east Asia, Europe as well as studies 
from India the population of which is similar to 
our study population. 

Along with axial length in our study, we measured 
near vision and near point of accommodation 
in all children in every follow up. However, in 
contrary to some other studies, we did not find 
any change in the near point of accommodation 
and near vision in our children. We did not 
find any ocular and systemic side effects in our 
population except for one child who developed 
diarrhea after atropine use and presumed to 
be the side effect of drops. Only two children 
complained of mild photophobia for few days 
after the use of drops. One important aspect of 
our study was the comparison of progression 

Table 2: Comparison of our findings with ATOM 2 and other similar studies.

Study
Atropine  

concentration (%)
Ocular side 

effects
Systemic 

side effects
Mean change in 
SE in one year

Mean change in 
AL in one year

ATOM2 0.01 Photophobia
nil

0.43±0.52 0.24±0.19
0.1 Allergic 0.31±0.5 0.13±0.18
0.5 Conjunctivitis 0.17±0.47 0.11±0.17

Vidya et al. 0.01 nil nil 0.32±0.29 0.2±0.29
Lutz et al. 0.01 nil nil 0.22±0.48 NA
Wei et al. 0.01 nil nil 0.49±0.42 0.32±0.19
Saxena et al. 0.01 nil nil 0.16±0.4 0.22±0.2

of myopia in different ethnic groups. Few 
studies compared the rate of myopia in children 
using atropine in different races and ethnic 
groups (Donovan  et al., 2012; Luong  et al., 
2020). We found that the children belonging 
to Tibeto-Burman or the Mongolian race had 
higher axial length, spherical equivalence and 
rate of progression of myopia compared to 
those belonging to Aryan race. The Nepalese 
population has relatively darker pupils the color 
of which is similar to the east Asian population. 
Hence there can be a dose response effect in our 
population. The study done by Yam et al. (2019) 
has shown dose related response on the use of 
atropine in myopia (Yam et al., 2019).

Further study in different doses of atropine may 
be helpful in exploring the dose response effect 
in our population as well. 

There are few limitations in our study. First this is 
not a randomized clinical trial. Second limitation 
was smaller sample size. Third limitation was 
short follow-up and missing follow-up visits 
by these children. The main reason for missing 
follow-up was ongoing pandemic which 
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prevented many children traveling to base 
hospital. There was unavailability of low dose 
atropine drops in other parts of Nepal. There 
are factors which have an effect on progression 
of myopia such as near activity and time spent 
outdoor. We did not address these issues in our 
study. Further studies on addressing these issues 
may be helpful for myopia treatment protocols 
in Nepalese children.

CONCLUSION

In conclusion we can say that low dose atropine 
is safe to use and effective in controlling 
myopia in the Nepalese population. A double 
blind randomized controlled trial with long 
term follow-up would be a further addition to 

this current finding. We hope that the results 
from this study will contribute to the wide use 
of atropine therapy in progressive myopia in 
Nepalese children by eye-care professionals in 
Nepal. We recommend the concerned authorities 
to make the drug easily available across the 
country.
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