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Presentation Time: 3:45 PM–5:30 PM
The difference in distributive pattern of refraction between 
generations as the myopia prevalence increased in the young 
generation
Xiaohu Ding1, Mingguang He1, 2, Ian G. Morgan1, 3. 1Preventive 
Ophthalmology, Zhongshan Ophthalmic Center, Guangzhou, China; 
2Centre for Eye Research Australia, Melbourne, WA, Australia; 3ARC 
Centre of Excellence in Vision Science and Research School of 
Biology, Canberra, VIC, Australia.
Purpose: A significant increase of myopia prevalence was found in 
China in recent three decades. The aim of this study was to describe 
the change of distributive pattern of refraction from parental to young 
generation, as the myopia prevalence increased.
Methods: This is a cross-sectional study. Data were drawn from 
Guangzhou Twin Eye Study, the last visit record was used in this 
analysis. Only first-born twin greater than 17 years old were selected 
to represent young generation, and their parents represent parental 
generation. Axial length (AL) was determined by IOLMater before 
cycloplegia. Spherical equivalent (SE) and corneal curvature (CC) 
was obtained by auto-refractor under cycloplegia for children and 
non-cycloplegia for parents. The correlation of SE between right 
and left eye was 0.81 and 0.91 for parental and young generation, 
respectively. Data of the right eye was select arbitrary.
Results: A total of 952 parents and children were selected in this 
study. The mean SE, AL and CC in parents were-0.89±2.51 Diopter 
(D), 23.78±1.25 mm, and 43.78±1.44 D, respectively. The figures 
of young generation were -2.79±2.82 D, 24.72±1.35 mm and 
43.72±1.45 D. Compared to parental generation, the distributive 
patterns of SE and AL, two parameters related closely to myopia 
progress, have a mean myopic-shift and more flareout range in young 
generation. However, the parameter that is less related to myopic 
progression, CC, has similar distribution in parental and young 
generations.
Conclusions: As myopia prevalence increased, the distributive 
pattern of SE not only change the mean, but also the standard 
deviation. This may indicate a complex genetic and environmental 
effect on its progression.
Commercial Relationships: Xiaohu Ding; Mingguang He, None; 
Ian G. Morgan, None

Program Number: 2370 Poster Board Number: B0519
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Prevalence of Refractive Error and Need for Corrective Lenses in 
a Medically Underserved Population in Tijuana, Mexico
Jonathan M. Ismond1, Micah A. Timmermans2, 3, John L. Ubels1, 
Arlene J. Hoogewerf1, 3. 1Biology Department, Calvin College, Grand 
Rapids, MI; 2Biochemistry Department, Calvin College, Grand 
Rapids, MI; 3Public Health Program, Calvin College, Grand Rapids, 
MI.
Purpose: The population of Tijuana, Mexico grew 3 fold from 1980-
2010, with a current population estimate of 1.6 million. This growth 
is fueled by the migration of nearly 80,000 people to Tijuana each 
year, resulting in the rise of neighborhoods with substandard housing, 
lack of services and inadequate access to health care, including eye 
care. This study describes refractive errors and the need for corrective 

lenses in a population attending free clinics in these neighborhoods 
where they received eye exams and glasses during January 2016.
Methods: This is a retrospective observational chart review of 
de-identified data collected from intake forms that were filled 
out for each patient at the clinics. The study was approved by the 
Calvin College IRB. Subjects were self-selected in response to 
announcements in the neighborhoods where clinics were conducted. 
Subjects with visual acuity worse than 20/30 OU were examined 
with an autorefractor to determine refractive error and appropriate 
prescription for lenses. Either prescription or reading glasses were 
then distributed to subjects who had refractive errors. Epi Info, an 
open source program provided by the CDC, was used to analyze 
demographic, visual acuity and refractive error data.
Results: Visual acuity was evaluated in 1209 people. Of these 
patients, 849 (70.2%) had a visual acuity of 20/30 or worse. Only 272 
(22.5%) of these patients had glasses. Among the patients who were 
given refractions, 156 (12.9%) were identified as having clinically 
significant myopia (≤ -0.75 D in at least one eye). In adolescents 
between the ages of 10 and 19, 10.2% had clinically significant 
myopia. A total of 300 (24.8%) patients had clinically significant 
hyperopia (≥0.75 D in at least one eye). Among adolescents between 
the ages of 10 and 19, 22.8% had clinically significant hyperopia. A 
total of 221 (18.3%) individuals had astigmatism (≤-1.5 D in at least 
one eye). Prescription lenses were given to 509 patients. Reading 
glasses were given to 386 patients.
Conclusions: The high levels of uncorrected refractive error in this 
study suggest limited access to affordable eye care in this population. 
Prevalence of myopia is increasing in many regions, however, a 
relatively high prevalence of hyperopia was observed in this group. 
The data demonstrate an urgent need for eye care in the study 
population.
Commercial Relationships: Jonathan M. Ismond, None; 
Micah A. Timmermans, None; John L. Ubels, None; 
Arlene J. Hoogewerf, None
Support: West Michigan Optometric and Wagner Memorial 
Scholarships

Program Number: 2371 Poster Board Number: B0520
Presentation Time: 3:45 PM–5:30 PM
Prevalence of Refractive Errors in School-Aged Children in the 
School District of Philadelphia
Eileen L. Mayro1, 2, Lisa A. Hark1, 2, Eric Shiuey1,  
Tamara Hill-Bennett1, Nitasha Khanna1, Marlee Silverstein2, 
Judie Tran1, Safa Siraj1, Michael Pond1, James Donaghy1, 
Linda Siam1, Ting Ting Zhan4, Ann P. Murchison1, 2, Alex V. Levin3, 2. 
1Department of Research, Wills Eye Hospital, Philadelphia, PA; 
2Sidney Kimmel Medical College, Thomas Jefferson University, 
Philadelphia, PA; 3Pediatric Ophthalmology and Ocular Genetics 
Service, Wills Eye Hospital, Philadelphia, PA; 4Division of 
Biostatistics, Thomas Jefferson University, Philadelphia, PA.
Purpose: To determine the prevalence and severity of refractive 
errors in school-aged children in grades K-5 enrolled in School 
District of Philadelphia public schools.
Methods: The Wills Eye Vision Screening Program screened 
children in grades K-5 on site in public schools between January 
2014 and January 2016. The criteria for vision screening failure was 
1) an interocular difference of two or more lines in distance visual 
acuity, 2) distance or near visual acuity worse than 20/40 in either 
eye in children in grades K-1, or 3) distance or near visual acuity 
worse than 20/30 in either eye in children in grades 2-5. Children 
who failed the vision screening received further examination by an 
on-site optometrist who determined whether the child’s decreased 
visual acuity could be corrected with eyeglasses. These children 
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were diagnosed with refractive error, a defect in the focusing of light 
on the retina, which results in blurred vision. The most common 
refractive errors are myopia, hyperopia, and astigmatism.
Results: Of 14,938 children screened, 1759 (11.8%) exhibited 
refractive errors: 921 (52.4%) myopia, 488 (27.7%) hyperopia, and 
1318 (74.9%) astigmatism. 939 (53.4%) had more than one refractive 
error diagnosis. In stratifying myopia and hyperopia by severity, 
mild myopia (-3.00 D < spherical equivalent refraction ≤ -0.50 D) 
was the most prevalent (present in 43.4% of right eyes and 44.2% of 
left eyes). The prevalence of myopia increased with age, while the 
prevalence of hyperopia decreased with age. There was no significant 
difference in the prevalence of refractive errors on the basis of 
gender.
Conclusions: Our data show that 11.8% of school-aged children 
in this urban population exhibited refractive errors that caused 
suboptimal visual acuity. Therefore, it is critically important to 
screen school-aged children for vision problems. School-based 
vision screening programs provide an avenue to identify and correct 
undiagnosed refractive errors.
Commercial Relationships: Eileen L. Mayro, None; 
Lisa A. Hark, None; Eric Shiuey, None; Tamara Hill-Bennett, 
None; Nitasha Khanna, None; Marlee Silverstein, None; 
Judie Tran, None; Safa Siraj, None; Michael Pond, None; 
James Donaghy, None; Linda Siam, None; Ting Ting Zhan, None; 
Ann P. Murchison, None; Alex V. Levin, None
Support: Deerbrook Charitable Trust Grant 15-537E

Program Number: 2372 Poster Board Number: B0521
Presentation Time: 3:45 PM–5:30 PM
UNCORRECTED REFRACTIVE ERRORS IN OLDER 
ADULTS: PREVALENCE ACCORDING TO THE PRESENCE 
OF AGE-RELATED EYE DISEASE
Virginie Nael1, 2, Anne-Catherine Scherlen1, Catherine Helmer2, 3, 
Arleo Angelo4, Jean-Francois Korobelnik5, Cécile Delcourt2, 3. 1R&D 
Life and Vision Science, Essilor International, Bordeaux, France; 
2Bordeaux Population Health Research Center, Inserm U1219, 
Bordeaux, France; 3University of Bordeaux, ISPED, Bordeaux, 
France; 4Sorbonne University, UPMC University of Paris 06, 
INSERM, CNRS, Vision Institute, Paris, France; 5Department of 
Ophthalmology, University Hospital, Bordeaux, France.
Purpose: In older adults, the prevalence of uncorrected refractive 
errors (URE) and the visual acuity (VA) gain brought by an optimal 
optical correction have been rarely estimated according to the 
presence of age-related eye disease. This study aimed at estimating 
the visual acuity gain brought by the optimal optical correction 
according to the presence of eye disease
Methods: Alienor is a population-based cohort on age-related 
eye diseases in older adults residents of Bordeaux, France. Eye 
examinations were performed at the Bordeaux hospital or at-home for 
participants who were unable to come to the hospital. Examinations 
included measures of visual acuity, refraction and retinal photographs 
(macula and optic nerve). In addition, at the hospital, slit lamp 
examinations and SD-OCT examination of the macula and the optic 
nerve were performed. Presenting and best-corrected monocular 
distance visual acuity were evaluated using the ETDRS at 4 meters 
and were scored as the total number of letters read correctly. Best 
correction was assessed using objective and subjective refraction. 
Uncorrected Refractive Error (URE) was defined as presenting 
distance visual acuity in the better-seeing eye improved by ≥5 letters 
using the best correction. The visual acuity gain was defined as the 
difference between the best-corrected and presenting distance visual 
acuity

Results: Of 707 participants (mean age: 84.2y), 216 had no eye 
disease, 235 had a retinal pathology or glaucoma, 36 had cataract and 
197 had been seen at home with a missing diagnosis of eye disease. 
In the population, the prevalence of URE was 38.8% (95%CI: 35.2-
42.4) and the median VA gain was 3 ETDRS letters (interquartile 
range [IQR], 1-6). URE were estimated at 29.6% in participants 
with no eye disease with a median VA gain estimated at 2 ETDRS 
letters (IQR, 0.5-5), 38.3% (95%CI: 32.1-44.5) in those with retinal 
pathology or glaucoma with a median VA gain estimated at 3 ETDRS 
letters (IQR, 1-6), 44.4% (95%CI: 28.2-60.7) in those with cataract 
with a median VA gain estimated at 4 ETDRS letters (IQR, 1-7) and 
at 48.7% (95%CI: 41.8-55.7) in participants seen at home with a 
median VA gain estimated at 4 ETDRS letters (IQR, 1-8)
Conclusions: Our results showed that a high proportion of visual 
impairment could be improved by the use of optimal refractive 
correction for distance visual acuity even in people with eye diseases
Commercial Relationships: Virginie Nael, Essilor International 
(E); Anne-Catherine Scherlen, Essilor International (E); 
Catherine Helmer, None; Arleo Angelo, None;  
Jean-Francois Korobelnik, Novartis (C), Janssen-Cilag (F), Ipsen 
(S), Bayer (C), Novartis (F), Théa (C), Alcon (C), Allergan (C), Carl 
Zeiss Meditec (C); Cécile Delcourt, Novartis (C), laboratoires Théa 
(F), Bausch&Lomb (C)
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Prevalence and associated factors of myopia in Russia. The Ufa 
Eye and Medical Study
Gyulli Kazakbaeva1, Mukharram Bikbov1, Jost B. Jonas2, 
Faizrahmanov Rinat1. 1Ufa Eye Research Institute, Ufa, Russian 
Federation; 2Medical Faculty Mannheim, Mannheim, Germany.
Purpose: To examine the prevalence of myopia in a general 
population in Russia.
Methods: The Ufa Eye and Medical Study (UEMS) included 
inhabitants with an age of 40+ years and living in an urban region in 
the province capital city of Ufa/Bashkortostan and in an rural region 
in the vicinity of Ufa. The particpants underwent an interview and a 
detailed ophthalmological examination including refractometry and 
biometry.
Results: The study included 721 individuals with a mean age of 
60.8 ± 9.9 years (range: 40 to 91 years) who had not undergone 
cataract surgery. Mean refractive error was +0.40 ± 1.90 diopters 
(median: 0.75 diopters; range: -11.0 to +5.50 diopters). Myopia 
defined as refractive error of <-0.50 diopters, <-1.00 diopters, 
and <-6 diopters was present in 1116 (16.1%), 99 (13.7%) and 
8 (1.1%) of the study population. Longer axial length (mean: 
23.1±1.27 mm;median:23.0mm;range:19.0-29.3 mm) was associated 
(multivariate analysis) with younger age (P=0.03; regression 
corefficient r= -0.09) and higher level of education (P=0.002;r=13). 
It was not significantly associated with gender (P=0.95), lens 
pseudoexfoliation (P=0.95), intraocular pressure (P=0.09), presence 
of diabetes mellitus (P=0.20), and presence of dry eye symptoms 
(P=0.31).
Conclusions: Prevalence of myopia was lower in in the South 
Russian UEMS study population than in populations from East 
Asia. As in East Asia, longer axial length was correlated with higher 
educational level and younger age.
Commercial Relationships: Gyulli Kazakbaeva, None; 
Mukharram Bikbov, None; Jost B. Jonas, None; 
Faizrahmanov Rinat, None
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SCHOOL SYSTEMS WITH A HIGH PREVALENCE OF 
MYOPIA DOMINATE INTERNATIONAL COMPARISONS IN 
MATHS AND SCIENCE
Ian G. Morgan1, 2, Amanda French3, Kathryn A. Rose3. 1Research 
School of Biology, Australian National University, Canberra, ACT, 
Australia; 2State Key Laboratory of Ophthalmology, Sun Yatsen 
University, Guangzhou, China; 3Discipline of Orthoptics, Graduate 
School of Health, University of Technology, Sydney, Sydney, NSW, 
Australia.
Purpose: There is a strong association between educational 
performance and the prevalence of myopia at the individual, class 
and school level, and we have previously shown that all school 
systems with a known high prevalence of myopia in young adults are 
strong performers in the international testing of school performance 
in the Programme for International School Achievement (PISA). We 
now examine whether these systems also do well in the Trends in 
Mathematics and Science Study (TIMSS).
Methods: TIMSS 2015 studied the performance of students in grade 
4 and grade 8 in standardized tests in mathematics and science in 47 
countries. The results are now available at http://www.timss2015/org. 
Based on literature review, Japan, South Korea, Singapore, Taiwan, 
and Chinese cities, including Hong Kong, were identified as having 
a high prevalence of myopia in young adults. Schools in mainland 
China did not participate in TIMSS 2015, but schools in Japan, South 
Korea, Singapore, Taiwan and Hong Kong did.
Results: In mathematics at grade 4, the top 5 school systems were 
those of Singapore, Hong Kong, South Korea, Taiwan, and Japan 
in descending order. At grade 8 level, the same 5 school systems 
constituted the top 5, with only a slight difference in order. In 
mathematics, there was a clear gap between the top 5 and all other 
school systems. In science at grade 4, the high prevalence of myopia 
systems were in the top 6 positions, together with the Russian 
Federation, and at grade 8, they also constituted the top 6, joined by 
Solvenia. No school system with a known high prevalence of myopia 
was outside the top 6 places, and no system with a known low 
prevalence of myopia appeared in the top 10 places.
Conclusions: The high myopia school systems were more dominant 
in TIMSS testing than in PISA testing, possibly because TIMSS 
testing emphasizes precise answers rather than general understanding. 
Similarly, they were more dominant in mathematics testing than 
in other areas. These school systems are characterized by high 
competition from preschool for entry to high performing schools, and 
highly repetitive practice in mathematics. These two characteristics 
may provide approaches to prevention of myopia in schools based on 
reforms to curriculum and system organization.
Commercial Relationships: Ian G. Morgan, None; 
Amanda French, None; Kathryn A. Rose, None

Program Number: 2375 Poster Board Number: B0524
Presentation Time: 3:45 PM–5:30 PM
Prevalence of refractive errors in preschool and school children 
of Londrina, Paraná, Brazil
Matheus B. Silva1, Fernanda S. Siqueira Anacleto1, 
Chiara L. Reinert2, Giovanna B. Durães2, Erika Hoyama1, 2, 
Tiemi Matsuo1, Nobuaqui Hasegawa1. 1Hospital de Olhos de 
Londrina - HOFTALON, Londrina, Brazil; 2Pontífica Universidade 
Católica do Paraná - Campus Londrina, Londrina, Brazil.
Purpose: To evaluate the prevalence of refractive errors in preschool 
and school children in Londrina, Paraná, Brazil.
Methods: A retrospective, cross-sectional study was performed 
evaluating the medical records of children who participated of 

Projeto Primeiros Olhares (“First Sight Program”) conducted 
by HOFTALON - Hospital de Olhos - Londrina “Londrina Eye 
Hospital”, from 2006 to 2015. Preschool and school children, 
03 through 07 years of age were evaluated according to gender, 
uncorrected visual acuity refractive error and treatment.
Results: 2852 eyes were evaluated. The average age was 4,5 years-
old, 51,8% were male and 48,2% female. Decreased uncorrected 
visual acuity (VA <0,7) was observed in 5% of children. Refractive 
errors occurred in 29%. The spherical equivalent demonstrated 
Hyperopia (>+1,5D) in 13% and myopia (<-0,5D) in 5%. 
Astigmatism (<-0,5D) occurred in 21%. High ametropias as high 
myopia (< -3,00D) was observed in 0,1%, high hyperopia (> 3,00D) 
in 2,2% and high astigmatism (< -3,00D) in 0,8%. Optical corrections 
were prescribed for 94% of children with refractive error.
Conclusions: Refractive errors occurred in 29% of the evaluated 
children. Astigmatism and Hyperopia were the most frequent 
refractive errors observed
Commercial Relationships: Matheus B. Silva, None; 
Fernanda S. Siqueira Anacleto, None; Chiara L. Reinert, None; 
Giovanna B. Durães, None; Erika Hoyama, None; Tiemi Matsuo, 
None; Nobuaqui Hasegawa, None

Program Number: 2376 Poster Board Number: B0525
Presentation Time: 3:45 PM–5:30 PM
Choroidal thickness and myopia in relation to physical activity 
during childhood
Kristian Lundberg1, 2, Nina Jakobsen3, Anders Vestergaard1, 2, 
Ernst Goldschmidt5, Tunde Peto2, 4, Niels Wedderkopp6, 7, 
Michael Larsen3, Jakob Grauslund1, 2. 1Department of 
Ophthalmology, Odense University Hospital, Odense C, Denmark; 
2Department of Clinical Research, Faculty of Health Sciences, 
University of Southern Denmark, Odense, Denmark; 3Department 
of Ophthalmology, Rigshospitalet-Glostrup University Hospital, 
Copenhagen, Denmark; 4Queen’s University Belfast, Belfast, United 
Kingdom; 5Danish Institute for Myopia Research, Vedbæk, Denmark; 
6Research in Childhood Health, Institute for Regional Heath 
Research, University of Southern Denmark, Odense, Denmark; 7Sport 
medicine Clinic, the Orthopedic Department, Hospital of Middelfart, 
Institute of Regional Health Services Research, University of 
Southern Denmark, Middelfart, Denmark.
Purpose: Decreasing physical activity (PA) has been suggested to 
be a driving force behind the rapid increase of myopia. The possible 
protective effects of PA might be through increased blood flow and 
subsequent change in thickness of the choroid. The purpose of this 
study was to correlate PA, myopia, and choroidal thickness (CT).
Methods: A prospective study of 307 children from the CHAMPS-
study Denmark. Objective data from GT3X accelerometer 
(ActiGraph, USA) worn at 4 periods between 2009 and 2015 were 
used to determine amount of PA. Intensity was estimated as counts/
minutes, and cut off-points were defined at four levels; sedentary 
(SED), light (L), moderate (M) and vigorous (V). Eye examinations 
were performed in 2015 and included autorefraction in cyclopegia 
(Tonoref II, Nidek, Japan), axial length (AL) by biometri (Lenstar 
900, Haag Streit, Switzerland) and fovea-centered radial scans of 4 
sections by enhanced depth imaging optical coherence tomography 
(EDI-OCT) (Heidelberg Spectralis, Germany). By a validated 
semi-automated method we measured the CT at 17 targets per 
eye representing different choroidal locations (subfoveal, 1 and 
3 millimeter in each direction of fovea). Linear regression and 
slope coefficients of repeated PA were performed to evaluate the 
association between PA, myopia and CT.
Results: Mean age at follow-up was 15.4±0.7 years (range 14.3 to 
17.5) and 52.4% were boys. The mean spherical equivalent (SE) 



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

was 0.3±1.5 diopters (cycloplegia) and 17.9% were myopic (SE -0.5 
diopters). The mean AL was 23.5±0.9 mm. The mean subfoveal CT 
was 369±87 µm. The mean CT for myopic vs. non-myopic eyes was 
259±65 µm vs. 354±71 µm (macula), 313±77 µm vs. 382±84 µm 
(fovea), 306±71 µm vs. 368±80 µm (1 mm zone) and 267±52 µm vs. 
312±59 µm (3 mm zone), respectively. All CT measurements were 
thinner in myopic eyes (p<0.0001) and in boys (p<0.05). By linear 
regression there were no associations between PA and SE, AL or any 
CT measurements. There was no association between accumulated 
PA and the overall CT for SED, L, M and V PA (2.31 µm/% (p=0.22), 
-3.99 µm/% (p=0.15), -5.43 µm/% (p=0.57) and -0.53 µm/% 
(p=0.95), respectively).
Conclusions: We found no association between physical activity and 
the choroidal thickness, axial length or refractive error. However, 
the choroid was thinner in myopic eyes and in boys. The role of 
choroidal thickness on the development of refraction should be 
investigated in prospective studies
Commercial Relationships: Kristian Lundberg, None; 
Nina Jakobsen, None; Anders Vestergaard, None; 
Ernst Goldschmidt, None; Tunde Peto, None; Niels Wedderkopp, 
None; Michael Larsen, None; Jakob Grauslund, None
Clinical Trial: NCT02346006

Program Number: 2377 Poster Board Number: B0526
Presentation Time: 3:45 PM–5:30 PM
Myopigenic activity change and its risk factors in urban students 
in Beijing
Balamurali Vasudevan1, Kenneth J. Ciuffreda2, Zhong Lin3, Guang 
Yun Mao3, Hong Jia Zhou3, Ning L. Wang4, Yuan Bo Liang3. 1Vision 
Science, MidWestern University, Glendale, AZ; 2SUNY Optometry, 
New York, NY; 3Wenzhou Medical University, Wenzhou, China; 
4Beijing Tongren Hospital, Beijing, China.
Purpose: To investigate the myopigenic activity change and its risk 
factors in urban students in Beijing over a three-year period.
Methods: 241school children aged 6-17 years from the Beijing 
Myopia Progression Study (BMPS) were re-examined 3 years after 
their baseline enrollment. A detailed validated questionnaire was 
administered to assess activities at both time periods. 217 children 
(90.0%) with completed questionnaire data were included in the 
present analysis.
Results: Primary students had significant increases in outdoor sports 
time (3.49±4.29 vs. 2.42±3.01 hours/week, p=0.02), near work time 
(32.12±13.41vs. 24.84±9.21 hours/week, p<0.001), diopter hours 
(128.75±53.32 vs. 97.52±35.94 diopter hours/week, p<0.001), and 
indoor time (53.79±22.84 vs. 41.43±16.84 hours/week, p<0.001) 
at follow-up. Both primary and secondary students had significant 
decreases in number of books read for pleasure per week (primary: 
0.95±0.22 vs. 2.13±2.42, p<0.001; secondary: 0.78±0.42 vs. 
1.86±1.49, p<0.001). Both primary and secondary female students 
spent less time on outdoor sports (primary: 2.31 ± 3.48 vs. 4.55 
± 4.68 hours/week, p=0.004; secondary: 2.32 ± 2.61 vs. 5.87 ± 
5.43hours/week, p<0.001), and total time outdoors (primary: 11.58 ± 
9.03 vs. 14.60 ± 9.23 hours/week, p=0.07; secondary: 9.33 ± 7.15 vs. 
12.88 ± 10.23 hours/week, p=0.06) than males at follow-up. In the 
multivariate regression analysis, after adjusting for student’s age and 
gender, for primary students, the more paternal educational years, the 
greater the reduction in time spent outdoors at follow-up (β=-0.67, 
p=0.049), while the greater the pressure to study, the more increase 
in time spent on near work (β=0.85, p=0.048) and indoors (β=1.53, 
p=0.02). For secondary students, the more paternal educational years, 
the greater increase in time spent indoors (β=2.54, p=0.055).

Conclusions: The primary students’ activities became more 
myopigenic, with female students having a more myopigenic activity 
pattern. The paternal educational years and pressure to study were 
two main risk factors for the myopigenic activity change.
Commercial Relationships: Balamurali Vasudevan; 
Kenneth J. Ciuffreda, None; Zhong Lin, None; Guang Yun Mao, 
None; Hong Jia Zhou, None; Ning L. Wang, None; Yuan 
Bo Liang, None
Support: Beijing Science & Technology Novel Star Program 
(2009B44), Research Startup Project of Wenzhou Medical University 
(89213008)
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Refractive status and influential factors in piano-playing children
Huamao Miao, Xingtao Zhou, Xiaofen Mo. Key Lab of Myopia, 
Ministry of Health, Department of Ophthalmology, Eye and ENT 
Hospital of Fudan University, Shanghai, China.
Purpose: The eyeballs could continue elongating due to improper 
environmental activities after the emmetropilization process. Piano 
playing is a special kind of near work; the eyesight moves around 
between the keyboards and the music score, and thus adjustments 
should be constantly made to maintain a clear retinal imaging. 
Whether long-period and high intensive piano practicing could affect 
the eye growth remains unknown. This pilot study was conducted to 
investigate refractive status and related factors in a group of piano-
playing children.
Methods: One hundred and twenty-two schoolchildren who attended 
annual piano grading tests were enrolled. Cycloplegic refraction was 
examined. A questionnaire was filled in by each of their parents. 
Time per week spent on near work were calculated as the summation 
of time per week spent on reading/writing after school, watching 
television, using computer, using mobile phone/tablets and piano 
practicing. Time per week spent on activities were calculated as the 
summation of time per week spent on outdoor activities and indoor 
activities.
Results: Seventy-three percent of the children were myopic 
(spherical equivalent [SE] diopters equal to or higher than -0.50D) 
and with mean SE of -3.31±1.83D. They spent longer time on near 
work than those without myopia (38.11 hours vs. 31.81 hours per 
week, P<0.05). More specifically, myopic children spent more time 
on reading/writing after school (24.25 hours vs. 21.89 hours) and 
using phone/tablets (6.74 hours vs. 4.70 hours), and slightly more 
time on watching television (4.01 hours vs. 2.92 hours) and using 
computer (3.11 hours vs. 2.30 hours); while they spent similar time 
on piano practicing (5.04 hours vs. 5.02 hours). Besides, Myopic 
children spent less time on activities (9.12 hours vs. 12.59 hours per 
week, P<0.05), not only on indoor activities (3.96 hours vs. 5.77 
hours) but also on outdoor activities (5.17 hours vs. 6.82 hours). 
Moreover, logistic regression analysis revealed that children with 
older age (odds ratio [OR]=2.18, P<0.05), spent less time spent 
on activities (OR=0.88, P<0.05), and had more myopic parents 
(OR=2.34, P=0.07) were at a higher risk to become myopia.
Conclusions: About forty-five minutes spent on piano practicing 
per day does not necessarily affect the eye growth. To avoid myopia 
progression, piano-playing children are suggested to spend less time 
on near work and more time on indoor/outdoor activities.
Commercial Relationships: Huamao Miao; Xingtao Zhou, None; 
Xiaofen Mo, None
Support: Shanghai Municipal Education Comission (Grant No. 
12SG04) & National Natural Science Foundation of China (Grant 
No. 81570842) & National Natural Science Foundation of China 
(Grant No. 81570879)
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Vitamin D and Myopia: A Systematic Review and Meta-analysis
Jason C. YAM, Shumin Tang, Tiffany Lau, Shi Song Rong, Li 
Jia Chen. Department of Ophthalmology and Visual Sciences, 
Chinese University of Hong Kong, Hong Kong, Hong Kong.
Purpose: The role of vitamin D on myopia development is not 
certain. This is a systematic review and meta-analysis which aims to 
evaluate the association of myopia with 1) serum vitamin D level; 
and 2) vitamin D related genes.
Methods: Literature searches were conducted via online database 
MEDLINE and EMBASE from their starting date to November 30, 
2016. First, the association between serum vitamin D and myopia 
were evaluated by synthesizing the outcomes using meta-analysis: 
1) Standard mean difference (SMD) between myopia group and 
non-myopia group; 2) unadjusted and adjusted Odd Ratios (ORs) 
of vitamin D level for myopia; and 3) unadjusted and adjusted 
coefficient of vitamin D for myopia. Adjustment was taken for time 
spent outdoor or sunlight exposure. Second, the association between 
vitamin D related genes and myopia were analyzed by combining the 
ORs and 95% CIs.
Results: 
1) Association between Serum Vitamin D Level and Myopia
A total of 125 publications were retrieved for screening, and six 
articles were eligible for meta-analysis with a total of 19816 study 
subjects. Serum vitamin D level was significantly lower in the 
non-myopia group than myopia group. (SMD: -0.33, p=0.005) 
Furthermore, the risk of myopia is lower with higher level of serum 
vitamin D. (Unadjusted OR: 0.85 per 10nmol/L, P = 0.005). This 
association was stronger after adjustment for sunlight exposure or 
time spent outdoor (Adjusted OR: 0.92 per 10nmol/L, P = 0.0006). 
However, there were no significant association between the vitamin 
D level and refraction by linear regression. (Unadjusted coefficient: 
9.15D per pmol/L, P=0.129; adjusted coefficient: 3.40D per pmol/L, 
P=0.140).
2) Association between vitamin D related genes and Myopia
A total of 41 publications were retrieved for screening and only two 
articles were eligible for meta-analysis. Association of four SNPs of 
a vitamin D related gene with myopia have been evaluated in both 
studies. The combined OR of one SNP showed a risk association of 
the vitamin related gene with myopia (OR: 1.30, P = 0.02).
Conclusions: Serum vitamin D levels is associated with myopia 
status independent from sunlight or outdoor exposure. Vitamin D 
receptor gene may be a susceptibility gene for myopia development. 
Vitamin D may have association with myopia in addition to its role as 
biomarker for time spent outdoor.
Commercial Relationships: Jason C. YAM, None; Shumin Tang, 
None; Tiffany Lau, None; Shi Song Rong, None; Li Jia Chen, 
None
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Association between myopia, amount of near work with 
electronic devices and asthenopia in school children
Pelsin Demir, Baskar Theagarayan. Medicine and Optometry, 
Linnaeus University, Kalmar, Sweden.
Purpose: The purpose of this study was to investigate the correlation 
between myopia, amount of near work performed with electronic 
devices and asthenopic symptoms in school children.
Methods: Various schools in the south east region of Sweden 
were contacted to take part in this study. Informed consent and a 
questionnaire were distributed with the help of teachers to 700 school 
children who were studying at different school levels (primary, junior 

high, senior high). The first part of the questionnaire consisted of 
ten questions testing their eye related symptoms. The second part 
of questionnaire quantified the amount of time they were spending 
with various electronic devices in a week. Among 700 children, 
400 filled the questionnaire and replied out of which 232 were girls 
(58.0%) and 168 were boys (42.0%). Mean age was 14.5 ± 3.1 years 
(range: 8-20 years). Furthermore, all these children underwent non-
cycloplegic refractometry of both eyes.
Results: The prevalence of emmetropia was 70.0%, myopia was 
24.3% and hyperopia was 5.7% on the right eye, and on the left 
eye the prevalence of emmetropia was 64.0%, myopia 25.8% and 
hyperopia 10.2%. Moreover, the eye related symptom score of the 
respondents ranged from 0 to 77 with an average of 14.3 ± 14.4 
points. The mean time they spent in front of electronic devices in an 
average week was 47.5 ± 28.8 hours/week. There was no statistical 
significant difference between girls and boys in the amount of time 
they spent in front of electronic devices. This study also showed 
that older the participants were, the time they were spending on 
electronic devices were also more (r =0,32; p<0,001). There was a 
statistical significant but weak correlation between the eye related 
symptoms and the time spent in front of electronic devices (r = 0.21; 
p<0.001), and also between the eye related symptoms and age (r = 
0.17; p<0.001). In this study there was no correlation found between 
myopia and the age the participants began using electronic devices. 
Likewise, no correlation was found between myopia and the time 
spent in front of electronic devices.
Conclusions: A significant but weak correlation was found between 
eye related symptoms and the time spent in front of electronic 
devices. No correlation was found between myopia and the age the 
participants began using electronic devices or time spent in front of 
electronic devices.
Commercial Relationships: Pelsin Demir, None; 
Baskar Theagarayan, None
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High fasting serum insulin level accelerates myopia developing
Xiaoman Li, Hua Zhou, Fan Lu, Dan-Ning Hu. Low vision center, 
The Eye Hospital of Wenzhou Medical Univeristy, Wenzhou, China.
Purpose: 
To reveal the relationship between Myopia and fasting serum insulin.
Methods: The “Students Eating Survey And Myopia Evidence” study 
(SESAME) is a population based study, conducted in Wenzhou, since 
2012 and is still on going. Visual exams, questionnaire interviews 
and blood tests are the three contents of this study. Cycloplegic 
refraction, ocular biometry measurements are the main visual exams. 
Questionnaire interviews, including near vision activity time, outdoor 
activity time and a nutrition survey, provides complex myopia 
developing related factors. Blood tests include fast glucose, fast lipid, 
protein and some of the nutrient regulators (fasting serum insulin, 
IGF-1, ect.) detection.
Results: A total of 618 participants registered till Mar. 2016 and 
about 531(86.0%) participants were involved in this analysis. About 
38.7% (175) of the subjects were myopic. The median axial length 
(AL) was 23.60mm. FSI was higher in the myopic children compared 
to non-myopes (8.00µIU/ml vs 5.96µIU/ml, p<0.001). And FSI was 
also higher in subjects with longer AL (AL≥24mm, 9.21µIU/ml vs 
AL <24mm, 6.12µIU/ml, P<0.001). The composition ratio of myopia 
was 48.3% in children with high FSI children and was 29.2% in 
the low FSI group (p<0.001). The median of AL was significantly 
longer in high FSI group than low FSI group (23.92mm vs 23.40mm, 
P<0.001). In Logistic regression with age, gender, BMI, near vision 
time and outdoor time adjusted, children with FSI equal to or higher 
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than 7.17µIU/ml would significantly increase the risk to have a 
relatively longer axial length(≥24mm) (OR=1.80, p=0.047).
Conclusions: Higher fasting serum insulin level independently 
correlates with longer axial length and probably accelerates myopia 
developing.

Commercial Relationships: Xiaoman Li; Hua Zhou, None; 
Fan Lu, None; Dan-Ning Hu, None
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Vision Status and Impact of Refractive Correction on Near 
Visual Acuity in Older Adults from Parintins City: the Brazilian 
Amazon Region Eye Survey
Cristina C. Cunha1, 2, Adriana Berezovsky1, Arthur G. Fernandes1, 
Nivea Nunes Cavascan1, Paula Sacai1, Marcela Cypel1, 
Sung E. Watanabe1, Joao M. Furtado1, Marcos Jacob Cohen1, 
Galton Carvalho Vasconcelos1, Jacob Moyses Cohen1, 
Mauro S. Campos1, Sergio Munoz1, Rubens Belfort1, 
Solange R. Salomao1. 1UNIFESP, Universidade Federal de São Paulo, 
Belém, Brazil; 2Hospital Bettina Ferro de Souza- Oftalmologia, 
Universidade Federal do Pará, Belém, Brazil.

Purpose: To determine the vision status and the impact of refractive 
correction and additional lenses on near visual acuity in a population 
of older adults from the Brazilian Amazon Region.
Methods: A population-based cross sectional study was conducted 
using cluster random sampling to enumerate subjects ≥45 years 
of age. Eligible subjects were enumerated through a door-to-door 
household survey and invited for visual acuity (VA) testing and eye 
exam. Uncorrected (UCNVA) and presenting (PNVA) near visual 
acuity were measured from each eye using a logMAR chart at 40 
cm. Auto-refraction followed by subjective refraction and additional 
lenses testing was performed to determine best-corrected near 
visual acuity (BCNVA). Near vision status was defined by lines of 
impairment considering UCNVA and PNVA. The impact of refractive 
correction was defined as lines of improvement from UCNVA to 
BCNVA and from PNVA to BCNVA. The association of two or more 
lines of improvement with cause of visual impairment (refractive 
error or other) and socio-demographic variables was assessed by 
multiple logistic regression.
Results: A total of 2384 eligible persons was enumerated, and 
2041 (85.7%) were examined. Out of these, 2025 individuals who 
informed VA (4050 eyes) were included. Lines of impairment ranged 
from 0 (20/20) in 5 (0.12%) eyes to >10 lines (<20/200) in 438 
(10.8%) eyes, with an average of 7.2±0.05 lines for UCNVA. For 
PNVA lines of impairment ranged from 0 in 147 (3.6%) eyes to > 10 
lines in 362 (9.0%) eyes, with an average of 6.0±0.06 lines. Average 
UCNVA to BCNVA improvement was 4.9±0.04 lines, ranging from 
0 (no improvement) in 413 (10.2%) eyes to ≥ 10 lines in 167 (4.1%) 
eyes, with 3447 (85.1%) eyes improving ≥ 2 lines. The average from 
PNVA to BCNVA improvement was 3.7±0.04 lines, ranging from 
0 in 660 (16.3%) eyes to ≥ 10 lines in 63 (1.6%) eyes, with 2982 
(73.6%) eyes improving ≥ 2 lines. Two or more lines of improvement 
from UCNVA to BCNVA was associated with refractive error as 
cause of visual impairment and with younger age. Similar results for 
improvement from PNVA to BCNVA were found.
Conclusions: Near visual acuity impairment was found in most 
participants both for uncorrected and presenting near visual acuity. 
Adequate reading glasses should be provided for this population to 
improve their quality of near vision for daily activities.
Commercial Relationships: Cristina C. Cunha; 
Adriana Berezovsky, None; Arthur G. Fernandes, None; 
Nivea Nunes Cavascan, None; Paula Sacai, None; Marcela Cypel, 
None; Sung E. Watanabe, None; Joao M. Furtado, None; Marcos 
Jacob Cohen, None; Galton Carvalho Vasconcelos, None; Jacob 
Moyses Cohen, None; Mauro S. Campos, None; Sergio Munoz, 
None; Rubens Belfort, None; Solange R. Salomao, None
Support: Conselho Nacional de Desenvolvimento Científico 
e Tecnológico – CNPq, Brasília, Brasil, Programa Ciência 
sem Fronteiras (Grant # 402120/2012-4 to SRS, SM and JMF; 
Research Scholarships to SRS and RBJ); Fundação de Amparo 
à Pesquisa do Estado de São Paulo, FAPESP, São Paulo, Brasil 
(Grant # 2013/16397-7 to SRS); Sight First Program – Lions Club 
International Foundation (Grant # 1758 to SRS).



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Program Number: 2383 Poster Board Number: B0532
Presentation Time: 3:45 PM–5:30 PM
Vision Status and Impact of Refractive Correction on Distance 
Visual Acuity in Older Adults from Parintins City: The Brazilian 
Amazon Region Eye Survey
Galton Carvalho Vasconcelos1, Adriana Berezovsky2, Nivea Nunes 
Cavascan2, Paula Sacai2, Arthur G. Fernandes2, Marcela Cypel2, 
Sung Watanabe2, Marcos Jacob Cohen3, Cristina C. Cunha3, 
Joao M. Furtado4, Jacob Moyses Cohen3, Rubens Belfort2, 
Sergio Munoz5, Solange R. Salomao2. 1Ophthalmology, Universidade 
Federal de Minas Gerais, Belo Horizonte, Brazil; 2Departamento 
de Oftalmologia e Ciências Visuais, Escola Paulista de Medicina, 
Universidade Federal de São Paulo, São Paulo, Brazil; 3Divisão de 
Oftalmologia, Departamento de Cirurgia, Faculdade de Medicina, 
Universidade Federal do Amazonas, Manaus, Brazil; 4Departamento 
de Oftalmologia, Universidade de São Paulo, Ribeirão Preto, Brazil; 
5Departamento de Salud Publica, Universidad de La Frontera, 
Temuco, Chile.
Purpose: 
To determine the vision status and the impact of refractive correction 
on distance visual acuity in a population of older adults from the 
Brazilian Amazon Region.
Methods: A population-based cross sectional study was conducted 
using cluster random sampling to enumerate subjects ≥45 years 
of age. Eligible subjects were enumerated through a door-to-door 
household survey and invited for visual acuity (VA) testing and 
an eye exam. Uncorrected (UCVA) and presenting (PVA) distance 
visual acuity were measured from each eye using a logMAR chart. 
Auto-refraction followed by subjective refraction was carried out 
to determine the best-corrected visual acuity (BCVA). Vision status 
was defined by lines of visual impairment considering UCVA and 
PVA. The impact of refractive correction was defined as lines of 
improvement from UCVA to BCVA and from PVA to BCVA. The 
association of two or more lines of improvement with causes of 
vision impairment (refractive or other) and socio-demographic 
variables were assessed by multiple logistic regression.
Results: 
A total of 2384 eligible persons was enumerated, and 2041 (85.7%) 
were examined. Out of these, 2025 individuals who informed VA 
(4050 eyes) were included. Lines of impairment ranged from 0 
(20/20) in 621 (15.3%) eyes to >10 lines (<20/200) in 332 (8.2%) 
eyes, with an average of 4.4±0.06 lines for UCVA. For PVA lines 
of impairment ranged from 0 in 904 (22.3%) eyes to > 10 lines in 
317 (7.8%) eyes, with an average of 3.8±0.07 lines. Average UCVA 
to BCVA improvement was 2.2±0.03 lines, ranging from 0 (no 
improvement) in 1173 (29.0%) eyes to ≥ 10 lines in 16 (0.4%) eyes; 
with 2083 (51.4%) eyes improving ≥ 2 lines. For PVA to BCVA 
improvement the average was 1.6±0.03 lines, ranging from 0 in 1590 
(39.3%) eyes to ≥ 10 lines in 2 (0.05%) eyes, with 1559 (38.5%) eyes 
improving ≥ 2 lines. Two or more lines of improvement from UCVA 
to BCVA was associated with refractive error, younger age and rural 
area. Similar results for improvement from PVA to BCVA were found 
for refractive error, younger age and male gender.
Conclusions: 
A small proportion of participants presented no distance visual acuity 
impairment per eye, both for uncorrected and presenting visual 
acuity. Therefore, refractive correction should be available, especially 
for those at a younger age and living in rural areas.
Commercial Relationships: Galton Carvalho Vasconcelos, 
None; Adriana Berezovsky, None; Nivea Nunes Cavascan, None; 
Paula Sacai, None; Arthur G. Fernandes, None; Marcela Cypel, 
None; Sung Watanabe, None; Marcos Jacob Cohen, None; 
Cristina C. Cunha, None; Joao M. Furtado, None; Jacob 

Moyses Cohen, None; Rubens Belfort, None; Sergio Munoz, None; 
Solange R. Salomao, None
Support: Conselho Nacional de Desenvolvimento Científico 
e Tecnológico – CNPq, Brasília, Brasil, Programa Ciência 
sem Fronteiras (Grant # 402120/2012-4 to SRS, SM and JMF; 
Research Scholarships to SRS and RBJ); Fundação de Amparo 
à Pesquisa do Estado de São Paulo, FAPESP, São Paulo, Brasil 
(Grant # 2013/16397-7 to SRS); Sight First Program – Lions Club 
International Foundation (Grant # 1758 to SRS).
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PREDICTION OF MYOPIC RETINOPATHY (MR) BY AGE 
AND REFRACTIVE ERROR (RE)
Noel A. Brennan, Xu Cheng. R&D, Johnson & Johnson Vision Care, 
Inc, Jacksonville, FL.
Purpose: Prediction of the likelihood of MR for any given age/RE 
combination is challenging because of the shortage of population 
based studies and, within those, low sample sizes in the age/RE cells. 
Here, we combine a previous analysis of MR across RE and a large 
sample of high myopes categorized according to age and myopic 
maculopathy (MM) to make predictions for risk of MR.
Methods: A relationship for odds ratios (OR) of developing MR by 
RE was obtained from a previous analysis using 3 population-based 
(PB) studies from different countries (Brennan, ARVO 2014). Data 
for the relation between MR and age were drawn from Shih et al 
(BJO 2006), which provided a table of MM gradings (according to 
Avila et al Ophthalmol, 1984) versus age for 552 highly myopic (RE 
≤ -6.00D). A best fit sigmoid function relating age to prevalence of 
MM, defined as M3 or greater, was calculated from this data. The 
OR for age and RE were then multiplied together to obtain estimates 
as a function of age and RE. Various assumptions are inherent in 
the model; in particular, it is assumed that age and RE operate 
independently on the risk of developing MR, that OR remain constant 
across ethnicity, geography and classification, and that OR with age 
for MM also apply to MR.
Results: The following equation for OR of developing MR according 
to age and RE resulted:
OR = exp ((ln(age/60.45)/0.134) + RE*0.63)
A constant k can then be applied to adjust predicted relative risk to 
match limited data sets. For example, using a value of 1.32E-03 for k 
allows fitting of the data to one of the 3 PB studies linking MR to RE 
(see figure- broken line represents extrapolation beyond data). The 
model predicts the following risk for a set of REs at age 65 (versus 
estimates from Vongphanit et al, Ophthalmol, 2002): at -2.00D; 0.8% 
(0.7%): -4.00D; 2.7% (3.0%): -6.00D; 9.0% (11.4%): -8.00D; 25.9% 
(28.6%): -10.00D; 55.3% (52,4%).
Conclusions: This model represents an initial attempt to provide 
risk estimates of developing MR for given age-RE combinations. As 
standardization of diagnosis takes place and more data are collected, 
the value of k can be refined and assumptions inherent in the model 
can be tested.
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Predicted risk of developing MR as a function of age and RE 
(adjusted to Vongphanit et al, Ophthalmol, 2002). Broken lines 
represent extrapolation beyond available data.
Commercial Relationships: Noel A. Brennan, Johnson & Johnson 
Vision Care, Inc. (E); Xu Cheng, Johnson & Johnson Vision Care, 
Inc. (E)
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Long-term effect of 7-methylxanthine on myopia progression and 
eye elongation
Klaus Trier1, Dongmei Cui2, Soren Ribel-Madsen1. 1Clinical 
Research, Trier Research Laboratories, Hellerup, Denmark; 
2Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou, 
China.
Purpose: Following the conclusion of a clinical trial testing the effect 
of 400 mg once per day of the caffeine metabolite 7-methylxanthine 
(7-mx), compound 7-mx tablets 400 mg twice per day for preventive 
treatment of myopia has been an option for children in Denmark. 
A total of more than 800 children and adolescents have now been 
treated for periods of up to 8 years. No side effects of the treatment 
have occurred. One-year follow-on results indicate that myopia 
progression may be reduced by 50 % in each of the age groups 7-14 
years. We here report 3-year follow-on results.
Methods: A total of 57 children with a base-line age of 8 to 12 years 
and a base-line cycloplegic myopia from -0.50 to -4.00 diopters 
in both eyes were identified among those who had taken 7-mx 
continuously for three years with a compliance of 70 % or better, 
corresponding to an average dose of 661±42.7 mg per day, range 
560-792 mg per day. The control group consisted of 50 children with 
similar base-line age and refraction who as part of the trial had taken 
7-mx during part of a three-year period, average dose over three year 
174±10.5 mg per day, range 0-368 mg per day. Outcome measures 
were myopia progression and eye elongation.
Results: The data from right and left eyes were added and divided 
by 2. There was no statistic significant difference of baseline of age, 
refraction and axial length between the two groups. In children aged 
8-10 years at base-line 1.47±0.89 diopters refraction, three-year 
myopia progression was 0.94±0.56 diopters in a 659±49.3 mg per day 
group (n=25) compared with 1.65±0.71 diopters in a 205±86.6 mg 
per day group (n=23) (p＜0.001).

In children aged 11-12 years at base-line 1.72±1.13 diopters 
refraction, three-year myopia progression was 0.83±0.74 diopters 
in a 654±58.5 mg per day group (n=32) compared with 1.49±0.68 
diopters in a 148 ±112.9 mg per day group (n=27) (p<0.001).
In children aged 8-10 years at base-line 24.17±0.97 mm axial length, 
three-year eye elongation was 0.61±0.27 mm in a 659±49.3 mg per 
day group compared with 0.81±0.25 mm in a 205±86.6 mg per day 
group (p=0.010).
In children aged 11-12 years at base-line 24.38±0.90 mm axial 
length, three-year eye elongation was 0.47±0.29 mm in a 654±58.5 
mg per day group compared with 0.66±0.29 mm in a 148 ±112.9 mg 
per day group (p=0.016).
Conclusions: The results confirm that 7-mx 400 mg twice per day 
may reduce myopia progression by around 50 %.
Commercial Relationships: Klaus Trier, None; Dongmei Cui, 
None; Soren Ribel-Madsen, None
Clinical Trial: Clinical Trial.gov no. NCT00263471
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Suppressive effect of combined treatment of orthokeratology 
and 0.01% atropine instillation on axial length elongation in 
childhood myopia
Nozomi Kinoshita1, Yasuhiro Konno2, Naoki Hamada3, 
Akihiro Kakehashi1. 1Department of Ophthalmology, Saitama Medical 
Center, Jichi Medical University, Saitama, Japan; 2Konno Eye Clinic, 
Saitama, Japan; 3Omiya Hamada Eye Clinic, Saitama, Japan.
Purpose: To perform a prospective, observational clinical study 
to determine the combined suppressive effects of orthokeratology 
(OK) and 0.01% atropine instillation on axial length elongation in 
childhood myopia. We report the results of a 1-year follow-up of this 
study.
Methods: Children aged 8 to 12 years with spherical equivalent 
refractions of -1.00 to -6.00 diopters (D) and astigmatism of -1.50 D 
or less were included and randomly assigned to treatment with OK 
with 0.01% atropine or OK alone. Both groups wore the OK contact 
lenses (Breath-O correct; Universal View Co., Ltd., Tokyo, Japan) 
while sleeping. The OK with 0.01% atropine group started instillation 
of 0.01% atropine once nightly from 3 months after the start of OK. 
The axial length was measured every 3 months using noncontact 
optical biometry (IOLMaster; Carl Zeiss Meditec, Dublin, CA), and 
the 3-month axial length served as the baseline value. Increases in 
axial length over 1 year were compared between the two groups and 
analyzed in relation to age and spherical equivalent refraction at 
study entry in both groups. The measured refractive and axial length 
values were averaged from both eyes of the subjects.
Results: Forty subjects (20 subjects in the OK with 0.01% atropine 
group and 20 subjects in the OK alone group) completed the 1-year 
follow-up examination. At study entry, age, sex, spherical equivalent 
refraction, and axial length did not differ significantly between the 
groups. Increases in axial length over 1 year were 0.09 ± 0.12 and 
0.19 ± 0.15 mm for the OK with 0.01% atropine group and the OK 
alone group, respectively, a difference that reached significance (P 
= 0.0356, unpaired t-test). No significant correlations were found in 
either group between ages and increases in axial length. A significant 
correlation was found between the spherical equivalent refraction and 
increased axial length in the OK alone group (Pearson’s correlation 
coefficient; r = 0.805, P < 0.001) but not in the OK with 0.01% 
atropine group (r = 0.306, P = 0.189; Figure).
Conclusions: Combined treatment of OK and 0.01% atropine 
instillation suppressed axial length elongation more than OK alone in 
childhood myopia. Although OK was less effective in slowing axial 
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elongation in subjects with lower degrees of myopia, this weakness 
was covered by the addition of 0.01% atropine instillation.

Commercial Relationships: Nozomi Kinoshita, 
None; Yasuhiro Konno, None; Naoki Hamada, None; 
Akihiro Kakehashi, None
Support: JSPS KAKENHI Grant Number JP26462646
Clinical Trial: http://www.umin.ac.jp/ctr/index.htm, 
UMIN000014362
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A three year follow-up study of atropine treatment for 
progressive myopia in Europeans
Jan Roelof Polling1, 2, Astrid van der Schans1, Hoi-Lam Wong1, 
Willem Tideman4, 1, Sjoukje E. Loudon1, Caroline Klaver1, 3. 
1Ophthalmology, Erasmus MC, Rotterdam, Netherlands; 2Department 
of Optometry & Orthoptics, University of Applied Sciences, Utrecht, 
Netherlands; 3Ophthalmology, Radboudumc, Nijmegen, Netherlands; 
4Epidemiology, Erasmus MC, Rotterdam, Netherlands.
Purpose: Atropine is the most effective treatment for myopia at short 
term. Rebound growth however, is a threat to the long-term benefit. 
This study explores the three year efficacy of atropine 0.5% treatment 
for progressive high myopia in a clinical setting, and the risk factors 
for poor response.
Methods: We performed an effectiveness study of atropine eye drops 
for progressive myopia in a single university clinic in Rotterdam, 
the Netherlands. Since 2011, 218 children have been treated with 
atropine 0.5% daily for their progressive myopia. For the current 
analysis, we included children who had 3 year consecutive data 
using atropine eye drops 0.5% daily (N=58). A standardized eye 
examination, including cycloplegic refraction and axial length at 
baseline was performed with follow up examinations every 6 months. 
Logistic regression analysis was used to evaluate the contribution of 
clinical factors associated with progression of myopia during atropine 
treatment.
Results: At baseline, children were 9.7 (SD 3.3) years old with 
median spherical equivalent (SE) of -5.88D (IQR 3.94) and axial 
length (AL) 25.31mm (IQR 1.17). Half of the children already 
had high myopia (≤-6.0D), and the mean annual progression 
before treatment was -1.1D (IQR 0.97); During the first year of 
treatment, the annual progression was reduced to a median SE of 
0.00D (IQR0.88) and AL 0.13mm (IQR 0.29), second year -0.50D 
(IQR0.69) and AL 0.14mm (IQR 0.28), third year -0.38D (IQR0.75) 
and AL 0.10mm (IQR 0.24). Risk factor for poor response (OR 3.26, 
95% CI, 1.09 to 4.59, P = 0.02) was a younger age at start of therapy 
after correcting for gender, age of onset, and degree of myopia.
Conclusions: Overall, over a 3 year period atropine has an inhibiting 
effect on SE and AL although most treatment effect was seen in the 
first year. In younger children atropine treatment was less effective 

and may need to be combined with additional interventions to 
accomplish a more significant inhibition of progression.
Commercial Relationships: Jan Roelof Polling; Astrid van der 
Schans, None; Hoi-Lam Wong, None; Willem Tideman, None; 
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Efficacy vs. Side Effects of Atropine in Myopia: a Meta-analysis
Qianwen Gong2, 1, Longqian Liu1, 3, Miroslaw Janowski2, 4. 1Optometry 
and Visual Science, West China Hospital/ West China School 
of Medicine, Sichuan University, Chengdu, China; 2Radiology 
and Radiological Science, Cell Engineering, Baltimore, MD; 
3Ophthalmology, West China Hospital, Sichuan University, Chengdu, 
China; 4NeuroRepair, Mossakowski Medical Research Centre PAS, 
Warsaw, Poland.
Purpose: Presentation of atropine efficacy in the context quantified 
side effects across many studies in a form of meta-analysis, which 
was previously not performed, but is instrumental to form practical 
guidelines on the use of atropine, including dosing, in therapy of 
myopia in children.
Methods: Data were obtained from PubMed, Embase, and etc from 
inception up to April, 2016. Randomized controlled trials (RCTs) and 
cohort studies of patients with myopia who received atropine were 
included in the analysis. The primary outcome was a difference in 
efficacy and the presence of side effects in different doses of atropine 
versus control groups. The secondary outcomes were the differences 
in side effects between Asians and Caucasians. Data analyses were 
performed using Review Manager 5.3, Stata 12.0 and SAS 9.4.
Results: Nineteen studies involving 3,137 children were included 
in the analysis. RCT and cohort studies were combined together to 
provide a larger sample of the different doses. The weighted mean 
differences between the atropine groups and controls in myopia 
progression were 0.50, 0.57 and 0.62 D per year (P < .001 for low- 
[0.01%], moderate- [0.01% < dose < 0.5%] and high-dose [0.5% and 
1%]), which translated to a high effect size: Cohen d=0.97, 1.76 and 
1.94 (Figure 1). No difference in changes of refraction among various 
doses of atropine was observed (P = .15).
The higher doses of atropine produced more side effects (Figure 
2). The incidence of photophobia with low, moderate, and high-
dose atropine was 6.3%, 17.8%, and 43.1%, respectively, giving a 
strong trend toward the increase the rate of side effects along the 
dose escalation (P = .07) and, the incidence of photophobia strongly 
correlated with the dose of atropine (r=0.56, P = .03). The incidence 
of poor near visual acuity was also more frequent in moderate 
and high-dose atropine group (P = .01). In addition, there was no 
significant difference in the incidence of side effects between Asians 
and Caucasians.
Conclusions: The efficacy of atropine is dose independent, while 
the side effects are dose dependent. Thus at the current stage of 
knowledge we recommend using the lowest dose of atropine for 
therapy of myopia. The search for more suitable therapeutic options 
for children with myopia is still warranted.
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Forest graph and the overall estimates of the effect of atropine on 
refraction

The difference of incidence of side effects between various doses of 
atropine
Commercial Relationships: Qianwen Gong, None; Longqian Liu, 
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Binocular vision in orthokeratology contact lens wear for myopia
Kate Gifford1, Paul Gifford2, Peter L. Hendicott1, Katrina L. Schmid1. 
1School of Optometry and Vision Science, Queensland University 
of Technology, Brisbane, QLD, Australia; 2School of Optometry 
and Vision Science, University of New South Wales, Sydney, NSW, 
Australia.
Purpose: Binocular vision (BV) disorders are implicated in myopia 
progression and affect visual comfort. We performed a prospective 
repeated measures study to examine changes in BV function due to 
orthokeratology (OK) wear in pediatric and young adult myopes

Methods: Sixteen children (8-16 years) and 11 young adults (18-
29 years) were recruited to compare baseline (BL) measures in 
single vision soft contact lenses (SCL) to 1, 6 and 12 months of 
OK wear. Outcome measures were distance phoria; near phoria, 
AC/A ratio, base-in (BIFR) and base-out fusional reserves (BOFR), 
accommodative lag (AL), positive relative accommodation (PRA) 
and negative relative accommodation (NRA) at 33cm; and axial 
length (IOL master)
Results: Twelve children (C:13.2±2.1 years, R-2.19±0.96D L-1.78 
± 0.67D) and 8 young adults (A:23.4±3.5 years, R -2.55±1.32D L 
-2.61±1.28D) completed the study. Distance phoria, AC/A ratio and 
NRA did not change. Near phoria became more exophoric after 12 
months (M12) (C:BL -0.95±2.41ΔD, M12 -2.08±2.91ΔD, p=0.010; 
A:BL +0.13±5.82ΔD, M12 -1.25±5.31ΔD, p=0.038). BOFR was 
stable in adults but one measure reduced in children (M12). BIFR 
increased in children at 1 and 6 months (M1&M6) and in adults at 
M6. AL reduced in children at M1, M6 and M12 and in adults at 
M6 and M12 (C:BL 1.69±0.62D, M12 1.19±0.61D, p=0.046; A:BL 
1.81±0.48D, M12 0.94±0.35D, p=0.029). PRA increased in children 
(M12) and adults (M1&M12) (C:BL -1.73±0.67D, M12 -3.04±1.37D, 
p=0.045; A:BL -1.78±0.67D, M12 -3.56±1.27D, p=0.048). Higher 
baseline myopia was correlated with a lower BIFR change in 
adults, with the reverse seen in children. In OK wear, cross-linked 
accommodation-convergence correlations were identified more 
frequently in adults than children. BV in SCLs was not predicted by 
baseline myopia, and there was no change in axial length
Conclusions: OK wear in paediatric and young adult myopes shifts 
BV towards a cross-linked increased accommodative response-
decreased convergence profile, in line with lower myopia progression 
risk. Accommodation changes were observed at M1; vergence 
changes occurred at M6&M12. Most changes were not predicted 
from baseline myopia or BV status, and less predictability was noted 
in children than adults. Stability of axial length in both groups did not 
allow for BV changes to be correlated to OK’s myopia control effect. 
These results have relevance to both the visual acceptance of OK and 
managing risk factors for myopia progression

Commercial Relationships: Kate Gifford, None; Paul Gifford, 
None; Peter L. Hendicott, None; Katrina L. Schmid, None
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Relative peripheral refraction and binocular vision changes in 
myopic orthokeratology
Paul Gifford1, Kate Gifford2, Peter L. Hendicott2, Katrina L. Schmid2. 
1University of New South Wales, Brisbane, QLD, Australia; 
2Queensland University of Technology, Kelvin Grove, QLD, 
Australia.
Purpose: Orthokeratology (OK) has been shown to alter relative 
peripheral refraction (RPR) and binocular vision function (BV). We 
performed a prospective repeated measures study to correlate changes 
in RPR and BV due to myopic OK wear in children and young adults
Methods: Sixteen children (8-16 years) and 11 adults (18-29 years) 
were recruited to compare baseline measures in single vision soft 
contact lenses (SCL) to 1, 6 and 12 months (M12) of OK wear. 
Clinical BV measures were distance phoria; near phoria, AC/A 
ratio, base-in (BIFR) and base-out fusional reserves (BOFR), 
accommodative lag (AL), positive relative accommodation 
(PRA) and negative relative accommodation (NRA) at 33cm. By 
autorefractor, accommodative accuracy was measured at 1D, 2D, 3D 
and 4D demand (AA1-4), and RPR at 100, 200 and 300 nasally and 
temporally (10N,20N,30N,10T,20T,30T). Axial length (IOL master) 
was also measured
Results: Twelve children (C:13.2±2.1 years, R-2.19±0.96D 
L-1.78 ± 0.67D) and 8 adults (A:23.4±3.5 years, R -2.55±1.32D 
L -2.61±1.28D) completed the study. RPR shifted in the myopic 
direction at 30T, 20N and 30N in all subjects after 1 month of 
OK wear, with temporal stability thereafter. In SCLs, larger 
AA3 was correlated with a more hyperopic RPR (A:N30-
AA3 r=0.86,p=0.001;N20-AA3 r=0.78,p=0.008; C:T30-AA3 
r=0.55,p=0.042) and AC/A ratio showed an elevated convergence 
(C:N30-ACAminus r=0.56,p=0.038), reduced divergence response 
(A:T30-ACAplus r=-0.64,p=0.047). At M12, both groups showed 
increased BIFR and RPR change at N20 (A:r=-0.56,p=0.047; 
C:r=-0.60,p=0.042). Children showed reduced AL (N30-AL 
r=0.54,p=0.049;N20-AL r=0.64,p=0.015) and improved PRA (N30-
PRA r=0.548,p0.042, T30-PRA r=0.58,p=0.028) with RPR change. 
No further relationships after OK wear held in adults, and axial 
length was stable in both groups
Conclusions: OK altered RPR in line with previous studies. T30 
and N30 bear strongest relationships to baseline BV function in SCL 
wearing children and adults, and to changes in BV function after 
12 months of pediatric OK wear. In adults these relationships are 
minimal after OK. Since RPR change is related to baseline myopia, 
these results indicate that in children, higher baseline myopia and 
hence larger changes in RPR are related to larger improvements 
in BV function. This is the first study evaluating the relationship 
between RPR and BV and has relevance for clinical management and 
OK fitting of young myopic patients
Commercial Relationships: Paul Gifford, None; Kate Gifford, 
None; Peter L. Hendicott, None; Katrina L. Schmid, None
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Novel contact lenses designed to slow progress of myopia: 12 
month results
Padmaja Sankaridurg1, 2, Ravi C. Bakaraju1, 2, Judith Morgan1, 
Xiang Chen3, Daniel Tilia1, 2, Arthur Ho1, 2, Klaus Ehrmann1, 2, 
Rebecca Weng1, Fabian Conrad1, Earl L. Smith4, 
Thomas J. Naduvilath1, Paul Erickson1. 1Brien Holden Vision 
Institute, Sydney, NSW, Australia; 2School of Optometry and Vision 
Science, University of New South Wales, Sydney, NSW, Australia; 
3Zhongshan Ophthalmic Centre, Guangzhou, China; 4College of 
Optometry, University of Houston, Houston, TX.
Purpose: Correction strategies that reduce hyperopic defocus or 
impose myopic defocus can slow myopia progression. We assessed 
two novel contact lens (CL) designs for their efficacy to slow myopia 
progression. The first CL type imposed myopic defocus across both 
the central and peripheral retina; the second manipulated higher order 
aberrations to provide retinal image quality (RIQ) that degraded in 
the direction of myopic eye growth.
Methods: Myopic children (n=508, ages 7 to 13 yrs (avg 
10.4±1.3yrs) with cycloplegic spherical equivalents (SE) between 
-0.75 to -4.25D (avg -2.38 ±0.78D) were enrolled in a prospective, 
double-blind, clinical trial conducted in Guangzhou, China and 
randomised to one of 5 groups: a) control group wearing single-
vision, silicone hydrogel (SH) CLs b) 2 groups wearing SH CLs 
with a central treatment zone of relative +ve power of +1.00D 
combined with relative +ve powers of +2.50D (CL I) and +1.50D 
in the periphery (CL II) and c) 2 groups wearing hydrogel CLs (see 
Fig1, test CLs III and IV). At baseline (BL) and 6 monthly intervals, 
measurements of cycloplegic (1% tropicamide) autorefraction and 
axial length (AL) were conducted on both eyes. Myopia progression 
between groups at 12 months was compared using linear mixed 
models and if significant (p<0.05), post hoc analyses with Bonferroni 
corrections were performed.
Results: At 12 months, 3 of the 4 test CL groups showed significantly 
reduced myopia progression compared to the control group for both 
SE and AL (see Table); the CL II group showed reduced AL. Lens 
type, age, parental myopia and compliance were found to influence 
progression. Adjusted means for the reduction in myopia progression 
with the test CLs ranged from 21 to 29% for SE and 31 to 42% for 
AL, which increased to 27 to 33% and 38 to 56%, respectively, for 
those who were compliant (wore ≥6d/wk)
Conclusions: After 1 year, myopia progression was significantly 
reduced with novel CL. The results emphasise that imposing myopic 
defocus across both the central and peripheral retina or providing 
RIQ that degrades in the direction of eye growth can provide a signal 
to slow eye growth.

Figure 1



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Table 1
Commercial Relationships: Padmaja Sankaridurg, US893189, 
US20150316788 (P); Ravi C. Bakaraju, US9201250, US9195074, 
US20150277145 (P); Judith Morgan, None; Xiang Chen, 
None; Daniel Tilia, None; Arthur Ho, US9201250, US9195074, 
US20150277145, US893189 (P); Klaus Ehrmann, US9201250, 
US9195074, US20150277145, US893189, US20150316788 
(P); Rebecca Weng, None; Fabian Conrad, US893189, 
US20150316788 (P); Earl L. Smith, US893189, US7025460 (P); 
Thomas J. Naduvilath, None; Paul Erickson, None
Support: Brien Holden Vision Institute
Clinical Trial: ChiCTR-TRC-14004227

Program Number: 2392 Poster Board Number: B0541
Presentation Time: 3:45 PM–5:30 PM
Recruitment Costs for a Randomized Clinical Trial
Jeffrey J. Walline1, Lisa A. Jones-Jordan1, Kimberly J. Shaw1, 
Jill A. Myers1, Laura L. Cardenas2, Alex D. Nixon1, 
David A. Berntsen2, Donald O. Mutti1. 1College of Optometry, Ohio 
State University, Columbus, OH; 2College of Optometry, University 
of Houston, Houston, TX.
Purpose: The Bifocal Lenses In Nearsighted Kids (BLINK) Study 
is a randomized clinical trial to determine whether soft bifocal 
contact lenses slow myopia progression. This abstract describes the 
recruitment methods and their associated costs.
Methods: We enrolled 294 children at The Ohio State University 
and the University of Houston Colleges of Optometry who were 7 to 
11 years old with spherical component myopia between -0.75 D and 
-5.00 D (inclusive) and 1.00 D cylinder or less at the corneal plane. 
All subjects were enrolled between September 22, 2014 and June 20, 
2016. The cost of recruitment and recruitment source for each call 
were recorded at the clinical sites.
Results: Recruitment methods resulted in 1,075 calls from the 
parents of potential subjects. Of those 1,075 calls, 466 (43.3%) were 
eligible to participate in the baseline examination. We examined 
443 subjects for eligibility during the baseline examination, and 
294 (66.4%) were eligible for enrollment. A total of 27.3% of the 
calls resulted in an eligible subject. A total of $49,093 was spent 
on recruitment at the two clinical sites, which equals $46 per call 
received or $167 per subject enrolled. Radio or print advertisements 
accounted for 56.4% of the expenses, 20.6% were from mailings, and 
16.7% were from flyers. Of the 1,066 calls with a recruitment source 
recorded, 327 (30.7%) were from flyers, 313 (29.4%) were from 
free sources such as email, electronic postings, and social media or 
websites, 145 (13.6%) were from mailings, 124 (11.6%) were from 
radio and print advertisements, 111 (10.4%) were from brochures, 
and 46 (4.3%) were from an unknown source. The cost per call from 
an interested parent for each of these categories was $223 from radio 
and print advertisements, $70 from mailings, $25 from flyers, and $6 
from brochures.
Conclusions: Several methods to recruit subjects for the BLINK 
Study were utilized, and these data can help future studies budget 
for recruitment and maximize recruitment dollars spent. The free 

advertising methods that include (email, electronic postings, and 
social media or website advertising) along with flyers and brochures 
provided the best balance of cost efficiency and success (70.5% of 
calls). Radio and print advertising were least cost effective.
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Evaluation of a handheld, smartphone-based autorefractor in an 
elderly population
William Plum, Varshini Varadaraj, Sean Thompson, Niccolo Dosto, 
Prateek Gajwani, David S. Friedman. Glaucoma, Wilmer Eye 
Institute, Johns Hopkins University School of Medicine, Baltimore, 
MD.
Purpose: To evaluate validity of the SVOne handheld, smartphone-
based autorefractor (AR) compared to a standard tabletop AR 
(Topcon KR-800S) in identifying refractive errors in a community 
screening setting.
Methods: Participants, 50 years of age and older in community eye 
screenings underwent visual acuity (VA) testing. Those with VA 
worse than 20/40 in either eye underwent autorefraction with the 
conventional tabletop AR followed by 2 trials with the handheld AR. 
Statistical analysis of power vectors [M (spherical equivalent SE), J0, 
and J45] were conducted using the right eye. Paired t-test conducted 
between tabletop and handheld AR. Intraclass Correlation Coefficient 
(ICC) calculated between handheld and tabletop AR. Test-retest 
Pearson correlation calculated between handheld AR trials. Lastly, 
modified Bland Altman plots were constructed between tabletop and 
handheld AR.
Results: Out of the 47 subjects who underwent successful tabletop 
AR and agreed to participate in our study, 35 (74%) were successfully 
autorefracted via the handheld device. On average, subjects were 
63.6 (±9.7) years of age, 21 (60.0%) were female, and 33 (94.3%) 
were African American. Tabletop AR mean M was -0.26D (95% 
CI: -1.00, 0.48) and the handheld AR mean M was -0.27D (95% 
CI: -1.02, 0.49) (P>0.05). Mean astigmatism with the tabletop and 
handheld ARs were +0.91D (95% CI: 0.71, 1.12) and +1.18D (0.91 
to 1.44) respectively (p<0.05). Intraclass correlation coefficient 
between tabletop and handheld AR for M was 0.96 (95% CI: 0.91, 
0.98) (p<0.05), for J0 was 0.35 (0.02, 0.61) (p<0.05), and 0.23 (-0.10, 
0.52) (p>0.05) for J45. Good correlation was noted between handheld 
test-retest for M (Pearson correlation (r)=0.96 (p<0.05), but poor test-
retest correlation noted for J0 and J45 vectors [r=0.48 (p<0.05), r=0.61 
(p<0.05), respectively].
Conclusions: The SVOne handheld AR provides a similar 
measurement of M (SE) to the Topcon KR-800S tabletop AR in 
subjects 50 years of age and older. Repeated measures using the 
handheld device shows strong correlation between trials for M. 
However, when considering vectors J0 and J45, the device shows 
poor repeatability as well as poor correlation with the tabletop AR. 
In elderly populations, The SVOne handheld AR may be a useful 
community-screening tool for quickly assessing SE, but will most 
likely provide less consistent measures of astigmatism than tabletop 
AR.
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Difference in M (SE) Between SVOne and Topcon
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Self-refraction using a simple device reliably predicts manifest 
refraction
Anvesh Annadanam1, Varshini Varadaraj1, Lucy Mudie1, 
Alice Liu2, William G. Plum1, Kevin White3, Megan E. Collins1, 
David S. Friedman1. 1Johns Hopkins School of Medicine, Baltimore, 
MD; 2Swarthmore College, Swarthmore, PA; 3Johns Hopkins 
University, Baltimore, MD.
Purpose: Uncorrected refractive error (RE) is the most common 
cause of preventable visual impairment globally. The need for 
highly trained personnel to carry out refractions increases the cost of 
spectacles and limits outreach in poorer regions. Newer technologies 
allowing for self-refraction (SR) may be a cost-effective alternative. 
The USee device contains a self-adjustable refraction bar that allows 
users to determine their own spherical RE. We report on the accuracy 
and usability of the USee compared to conventional methods in 
measuring RE.
Methods: A total of 60 adults with uncorrected visual acuity (VA) 
worse than 20/30 in either eye and spherical equivalent (SE) RE 
between –6.00 and +6.00 diopters (D) completed clinical manifest 
refraction (MR) by an optometrist, self-refraction (SR) with the 
USee, autorefraction with a tabletop or handheld device, and VA 
testing using a computerized logMAR chart.
Results: Subjects were a mean (±SD) 53.1 (±18.6) years of age, 
and 27 (45.0%) were male. More than half (61.7%) presented with 
glasses. The mean (±SD) SE for right eyes measured by MR [–0.90 
D (±2.53)] differed significantly from that measured by SR [–1.22 
D (±2.42)], p < 0.002]. The proportion of subjects correctable to 
20/30 or better in the better eye was higher for MR (96.7%) than SR 
(83.3%, p < 0.006). In right eyes, SE measured by SR differed from 
MR by < 1.00 D in either direction in 81.7% of participants (Figure 
1). In logistic regression models, failure to achieve VA ≥ 20/30 in 
the right eye with SR was associated with increasing age (per year, 
OR: 1.05; 95% CI: 1.00 to 1.10; p = 0.017) and higher cylindrical 
power (per D, OR: 7.26; 95% CI: 1.88 to 28.1; p = 0.004). In terms 
of subjective feedback, 95% thought the USee was easy to use, 85% 
thought the SR correction was better than being uncorrected, 57% 
thought the SR correction was as good as their current corrective 
lenses, and 53% rated their vision as “very good” or “excellent” with 
SR correction.
Conclusions: The USee provides acceptable RE and VA correction in 
adults. Older age and higher cylindrical power were associated with 
poorer VA outcomes. Although the device cannot correct astigmatism, 
many subjects found it easy to use and better than wearing no 

corrective lenses. Programs using the USee system could provide 
glasses on the spot and satisfaction could be determined immediately 
with pop-in glasses.

Difference between MR and SR vs. MR
Commercial Relationships: Anvesh Annadanam, None; 
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Pre- and postcycloplegic refractions in children and adolescents
Dan Zhu, Da-Yong Yang, Yan Wang. Ophthalmology, The Affiliated 
Hospital of Inner Mongolia Medical, Hohhot, China.
Purpose: To determine the difference between cycloplegic and 
non-cycloplegic refractive error and its associated factors in Chinese 
children and adolescents with a high prevalence of myopia.
Methods: A school-based study including 1565 students aged 
6 to 21 years was conducted in 2013 in Ejina, Inner Mongolia, 
China. Comprehensive eye examinations were performed. Pre-and 
postcycloplegic refractive error were measured using an auto-
refractor. For cycloplegic refraction, one drop of topical 1.0% 
cyclopentolate was administered to each eye twice with a 5-minute 
interval and a third drop was administered 15 minutes after the 
second drop if the pupil size was less than 6 mm or if the pupillary 
light reflex was still present.
Results: Two drops of cyclopentolate were found to be sufficient in 
59% of the study participants while the other 41% need an additional 
drop. The prevalence of myopia was 89.5% in participants aged over 
12 years and 68.6% in those aged 12 years or younger (P<0.001). 
When myopia was defined as spherical equivalent (SE) of less 
than -0.5 diopter (D), the prevalence estimates were 76.7% (95% 
confidence interval [CI] 74.6-78.8) and 54.1% (95%CI 51.6-56.6) 
before and after cycloplegic refraction, respectively. When hyperopia 
was defined as SE of more than 0.5D, the prevalence was only 2.8% 
(95%CI 1.9-3.6) before cycloplegic refraction while it was 15.5% 
(95%CI 13.7-17.3) after cycloplegic refraction. Increased difference 
between cycloplegic and non-cycloplegic refractive error was 
associated with decreased intraocular pressures (P=0.01).
Conclusions: Lack of cycloplegia in refractive error measurement 
was associated with significant misclassifications in both myopia 
and hyperopia among Chinese children and adolescents. Decreased 
intraocular pressure was related to a greater difference between 
cycloplegic and non-cycloplegic refractive error.
Commercial Relationships: Dan Zhu, None; Da-Yong Yang, None; 
Yan Wang, None
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Program Number: 2396 Poster Board Number: B0545
Presentation Time: 3:45 PM–5:30 PM
A two-dimensional model simulating the pupil image of eccentric 
photorefraction in uncorrected and corrected ametropic eyes
Yifei Wu, Larry N. Thibos, T Rowan Candy. School of Optometry, 
Indiana University Bloomington, Bloomington, IN.
Purpose: Eccentric photorefraction and Purkinje image analyses 
of video are used to estimate refractive state and eye position 
simultaneously. Beyond their application in screening and studies of 
typical development, they provide insight into atypical development. 
To study patients with significant refractive error and spectacles, 
we must understand their effect on the calibration (e.g. the role of 
spherical and astigmatic lenses and their vertex distance).
Methods: A two-dimensional eccentric photorefraction simulation 
was built in Zemax using sequential ray tracing. The inward 
component included appropriate light sources to create the retinal 
image while the outward version created the camera image using the 
retinal image as the source. The slope of the luminance distribution in 
the pupil image was plotted against simulated refractive error (-15D 
to +15D) for pupil sizes from 3mm to 7mm. Calibration estimates 
were then obtained by simulating introducing -8D to +8D trial 
lenses at the spectacle plane for a number of conditions: i) vertex 
distances from 3mm to 23mm, ii) spectacle corrected hyperopic 
refractive errors of +4D and +7D, and iii) uncorrected and corrected 
astigmatism of 2D and 4D at 4 different axes.
Results: The results demonstrated slope saturation and then reversal 
for significant refractive errors (>+4 & <-6D for 5mm pupil) and 
significant effects of pupil size. Saturation occurred faster at larger 
pupil sizes as shown previously. The effect of trial lens image 
magnification was equivalent to up to 1D for -8D to +8D lenses. 
Hyperopic and astigmatic spectacle corrections at 13mm vertex 
distance produced additional magnification effects equivalent to up to 
1D for -5D to +5D trial lenses.
Conclusions: The simulated manipulations could cause up to a 
1D difference in estimated defocus when performing calibration 
within the instrument operating range. Refractive errors beyond 
the operating range saturation points could be significantly 
underestimated in both hyperopic and myopic directions
Commercial Relationships: Yifei Wu, None; Larry N. Thibos, 
None; T Rowan Candy, None
Support: NIH EY014460 , P30 EY019008

Program Number: 2397 Poster Board Number: B0546
Presentation Time: 3:45 PM–5:30 PM
The Potential value of Big-Data for Epidemiological Studies of 
Refractive Error
Michael Moore1, James Loughman1, Siegfried Wahl2, 3, 
Arne Ohlendorf2, 3, Daniel I. Flitcroft4, 1. 1Dublin Institute of 
Technology, Dublin, Ireland; 2ZEISS Vision Science Lab, University 
Tuebingen, Tuebingen, Germany; 3Carl Zeiss Vision International 
GmbH, Tuebingen, Germany; 4Children’s University Hospital Temple 
Street Dublin Ireland, Dublin, Ireland.
Purpose: In Europe, epidemiological data on refractive error is 
relatively sparse: the European Eye Epidemiology (E3) consortium, 
a consortium of 29 groups from 12 European countries, has collated 
data on only 170,000 European study participants. Our study, based 
on 13.4 million spectacle lens prescriptions between 2001 and 2015, 
was conducted to examine the epidemiological value of such large 
industrial databases (“Big-Data”).
Methods: Anonymised patient lens data was provided by a major 
European manufacturer. The data included the full sphero-cylindrical 
correction and whether the dispensed lens included a reading 
add. The total data set with complete refractive data comprised 

134,606,097 spectacle lenses, of which 49,741,993 included a reading 
add and 84,855,096 were single vision lenses. 98% of these lenses 
were for European delivery, with Germany being the largest single 
country (>40% of total). The data was collated into histogram data by 
spherical equivalent power using the AWK scripting language. The 
resulting data allowed calculation of empirical distribution functions, 
sub-grouped by lens type. The manufacturing data was compared 
with existing population-based studies of refractive error distribution 
using standard descriptive statistics.
Results: Overall, lens power showed a bimodal distribution with 
a central minimum corresponding to emmetropia. This bimodal 
distribution was most apparent in single vision (SV) lenses. In 
contrast, lenses with reading adds (ADD) showed a classic uni-
modal, negatively skewed and leptokurtotic distribution typical of 
adult refractive error distributions. The ADD lens subgroup should 
predominantly represent older adults. Comparison population survey 
data of older adults from the Gutenberg Health Study (GHS) has 
recently been published from Germany (Wolfram et al, 2014). The 
proportion of myopia estimated from the ADD lens group closely 
mirrors the GHS data suggesting that this lens type may have value as 
a valid estimator of adult refractive errors in a population.
Conclusions: Large lens manufacturing databases manufacturing 
activity can provide useful epidemiological data. Lenses with 
a reading addition most closely match distributions reported in 
population based surveys. Such data may allow collection of far more 
information on global refractive error distribution than is currently 
available from orthodox epidemiological surveys.

Commercial Relationships: Michael Moore; James Loughman, 
None; Siegfried Wahl, Carl Zeiss Vision International GmbH 
(E); Arne Ohlendorf, Carl Zeiss Vision International GmbH (E); 
Daniel I. Flitcroft, None

Program Number: 2398 Poster Board Number: B0547
Presentation Time: 3:45 PM–5:30 PM
Parental Perspectives on Myopia in Beijing, China
Wendy F. Li1, Juan Bu2, Joshua L. Warren3, Christopher Teng4.  
1Yale School of Medicine, New Haven, CT; 2Ophthalmology, Peking 
University 3rd Hospital, Beijing, China; 3Biostatistics, Yale School of 
Public Health, New Haven, CT; 4Ophthalmology and Visual Sciences, 
Yale School of Medicine, New Haven, CT.
Purpose: Given the high prevalence of myopia in China, 
understanding parental perspectives can guide future research and 
patient care. We aimed to understand how Chinese parents view 
myopia.
Methods: A cross-sectional study was conducted at Peking 
University 3rd Hospital from July to August 2016. Parents of myopic 
patients completed a questionnaire including sociodemographics and 
Likert-style questions assessing perspectives on myopia. Logistic 
regression models were used to analyze relationships between 
responses and demographic data.
Results: Of the 109 participants, 107 (98.2%) find their child’s 
myopia concerning. 54 (49.5%) find their child’s myopia very 
concerning. Among causes of myopia, electronic screens and eye 
fatigue were most commonly believed to cause myopia (Table 1).  
80 (74.8%) agreed that studying/reading can cause myopia, 
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with respondents with a graduate education more likely to agree 
(RR=4.48, p=0.011). Lifestyle modifications rather than medical 
treatments were thought to be most effective for preventing and 
slowing progression of myopia (Table 2). 104 (95.4%) parents 
reported restricting electronic screen use and 56 (51.4%) reported 
restricting studying/reading. All respondents were willing to use at 
least one of the treatments in Table 2, but each treatment had fewer 
than 20 current users. Parents were more likely to agree to a greater 
number of treatments if the child is a boy (RR=2.49, p<0.0001) or if 
the child has myopia ≥-6.0 D in at least one eye (RR=3.66, p=0.015). 
Parental age, sex, education level, and rural vs. urban residence did 
not affect number of methods chosen.
Conclusions: Almost all Chinese parents in this study find 
their children’s myopia concerning and hope to prevent myopia 
progression. However, few currently use methods in attempt to 
slow progression. This may be due to difficulties with adherence, 
perceived low efficacy, or concerns about safety. Having a male child 
or a child with high myopia increased willingness to use treatment 
methods among the parents surveyed. Our study also suggests that 
despite a strong cultural emphasis on studying, parents are concerned 
enough about myopia to limit studying. Greater research on practical, 
effective, and safe treatments for myopia would help meet demand 
for this population.

Table 1: Percentage of respondents agreeing with each suggested 
cause of myopia

Table 2: Perspectives on effectiveness and willingness to use methods 
to treat myopia
Commercial Relationships: Wendy F. Li, None; Juan Bu, None; 
Joshua L. Warren, None; Christopher Teng, None
Support: Yale School of Medicine Short-term Research Funding

Program Number: 2399 Poster Board Number: B0548
Presentation Time: 3:45 PM–5:30 PM
Increase of axial length in eyes with high corneal astigmatism
Clair Enthoven1, Willem Tideman1, Jan Roelof Polling1, 2, 
Virginie J. Verhoeven1, 4, Caroline Klaver1, 3. 1Ophthalmology & 
Epidemiology, Erasmus MC, Rotterdam, Netherlands; 2Orthoptics 
& Optometry, University of Applied Sciences, Utrecht, Netherlands; 
3Ophthalmology, Radboud University Medical Center, Nijmegen, 
Netherlands; 4Clinical Genetics, Erasmus MC, Rotterdam, 
Netherlands.
Purpose: Multiple studies have concluded that astigmatism is 
associated with ametropia. This study explores the association 
between corneal astigmatism and axial length increase in young 
children.
Methods: A total of 4491 children from the birth-cohort study 
Generation were included. Participants received an ophthalmic 
examination including measurements of axial length and corneal 
radius of curvature at 6 and 9 years. Corneal astigmatism was defined 
as >1.25 D. Axial length was divided into short (< 22 mm), medium 
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(22 - 24 mm) and long (> 24 mm). The axial length corneal radius 
ratio (AL/CR) was divided into tertiles. Analyses were based on data 
from right eyes. Paired samples T tests, Chi-square tests and linear 
regression were performed to investigate the relationship between 
axial length, AL/CR and corneal astigmatism.
Results: The mean age at first visit was 6.1y (SD 0.46), at second 
visit 9.8y (SD 0.32); and 50.6% were female. Mean corneal 
astigmatism was 0.85 D (SD 0.55) at first visit and 0.84 D (SD 0.50) 
at the second visit. The prevalence of corneal astigmatism was 16.2% 
at 6 years and 15% at 9 years. Mean axial length increased from 
22.35 mm (SD 0.73) at 6 years to 23.11 mm (SD 0.84) at 9 years 
(p<0.001). Mean AL/CR increased from 2.88 (SD 0.08) at age 6 to 
2.97 (SD 0.09) at age 9 (p<0.001). At age 6, corneal astigmatism was 
21.8% in eyes smaller than 22 mm, 13.4% in eyes between 22 and 
24 mm and 23.5% in eyes larger than 24 mm (χ2=51.22, p<0.001). 
At age 9, this was 26.6%, 13.8% and 14.9% respectively (χ2=40.68, 
p<0.001). Regarding AL/CR at age 6, corneal astigmatism was 18.4% 
in the small AL/CR group, 12.5% in the medium AL/CR group and 
17.4% in the large AL/CR group at age 6 (χ2=20.68, p<0.001). At 
age 9, this was 15.7%, 11.8% and 17.5% respectively (χ2=19.56, 
p<0.001). Corneal astigmatism at age 6 was significantly associated 
with increase of axial length at age 9 (beta 0.018, p=0.05), and with 
increase of AL/CR at age 9 (beta 0.008, p<0.001).
Conclusions: This study shows that corneal astigmatism is more 
common in eyes with a short and a long axial length, and in eyes with 
a small and large AL/CR. The increase of axial length and AL/CR at 
age 9 years was larger in children with higher corneal astigmatism at 
age 6.
Commercial Relationships: Clair Enthoven; Willem Tideman, 
None; Jan Roelof Polling, None; Virginie J. Verhoeven, None; 
Caroline Klaver, None

Program Number: 2400 Poster Board Number: B0549
Presentation Time: 3:45 PM–5:30 PM
Does optical theory predict the observed reduction of the 
refractive error:axial length ratio with increasing axial length?
Fiona E. Cruickshank, Nicola S. Logan. School of Life and Health 
Sciences, Aston University, Birmingham, United Kingdom.
Purpose: To determine the variance in the correlation between 
refractive error and axial length in a cross-sectional, multi-racial 
sample of school children and young adults.
Methods: Right eye refractive error and axial length data were 
collected on 343 six-to-seven-year-old children (mean 7.18 (SD 
0.35) years), 294 12-to-13-year-old children (mean 13.12 (SD 0.32) 
years) and 123 young adults aged 18-to-25-years (mean 20.56 (SD 
1.91) years). The ethnic variation of the participants was as follows: 
British Asian 56.4% (95% confidence interval [CI], 52.9-59.9), 
white 24.7% (95% CI, 21.6-27.8), black 11.3% (95% CI, 9.1-13.6), 
mixed 4.2% (95% CI, 2.8-5.6), other 2.1% (95% CI, 1.1-3.1), and 
East Asian 1.2% (95% CI, 0.4-2.0). Distance refractive error was 
measured with the Shin-Nippon NVision-K 5001 infrared open-
field autorefractor. Child participants were cyclopleged prior to data 
collection (1% Cyclopentolate Hydrochloride). Myopia was defined 
as a mean spherical equivalent [MSE] ≤-0.50D. Axial length [AXL] 
was measured using the Zeiss IOLMaster 500.
Results: There was a myopic shift in mean MSE with age (six-to-
seven +0.87D, 12-to-13 -0.06D and 18-to-25 -1.41D), associated 
with an increase in mean AXL (six-to-seven 22.70mm, 12-to-13 
23.49mm and 18-to-25 23.98mm). There was a significant negative 
correlation between MSE and AXL for all age groups (all p <0.005). 
The correlation coefficient increased with age (six-to-seven rs -0.37, 
12-to-13 rs -0.48 and 18-to-25 rs -0.68), with 1mm of axial expansion 
having a greater effect on refractive error in children rather than an 

adult population (six-to-seven -3.58D/mm, 12-to-13 -3.10D/mm and 
18-to-25 -2.49D/mm). MSE:AXL ratios for participant data were 
compared with the ratio generated from Gullstrand model eyes (p 
<0.001). Linear regression adjusted for age showed a 1mm increase 
in AXL for a 0.05 decrease in MSE:AXL ratio (p < 0.001).
Conclusions: Optical theory predicts that there will be a reduction in 
the MSE:AXL ratio with longer eyes. The participant data although 
adhering to this theory show a reduced effect, with eyes with 
longer axial lengths having less myopia per unit of axial expansion 
than predicted by model eye calculations. These differences need 
to be considered when assessing the efficacy of myopia control 
interventions based on axial length changes as the principal outcome 
measure in clinical trials.
Commercial Relationships: Fiona E. Cruickshank, None; 
Nicola S. Logan, None
Support: College of Optometrists, U.K.

Program Number: 2401 Poster Board Number: B0550
Presentation Time: 3:45 PM–5:30 PM
Axial length growth curves and the risk of myopia in European 
children and adults
Willem Tideman1, 2, Jan Roelof Polling1, 3, Vincent Jaddoe2, 
Cathy Williams4, Jeremy A. Guggenheim5, Caroline Klaver1, 2. 
1Ophthalmology, Erasmus Medical Centre, Rotterdam, Netherlands; 
2Epidemiology, Erasmus MC, Rotterdam, Netherlands; 3Orthoptics, 
Hogeschool Utrecht, Utrecht, Netherlands; 4School of Social 
and Community Medicine, University of Bristol, Bristol, United 
Kingdom; 5School of Optometry & Vision Sciences, Cardiff 
University, Cardiff, United Kingdom.
Purpose: Treatments for progressive myopia in children are 
increasing in popularity, but the assessment of excessive eye growth 
in early childhood has proven to be challenging. Normative values 
for axial length are currently lacking. The aim of this study was to 
generate percentile curves for axial length (AL) in European children, 
to assess the risk of myopia and high myopia per percentile line, and 
to explore how these growth curves relate to those at other regions in 
the world.
Methods: Cross sectional analysis of three population-based studies, 
Generation R, ALSPAC, and Rotterdam Study III, with 12386 
participants aged 6 years to adulthood from The Netherlands and 
the UK. All participants underwent eye measurements with AL and 
corneal radius (CR), with measurements of objective refractive error 
in Generation R at 9 years and the Rotterdam Study III. The 2nd, 
5th, 10th, 25th, 50th, 75th, 90th, 95th and 98th percentile values 
were calculated and growth curves were plotted as a function of age. 
Biometric data from other regions were extracted from published 
population-based and school-based studies for which gender-stratified 
data were available. Myopia was defined as ≤-0.5D.
Results: Children from Generation R were on average (SD) 6.2 
(0.5) and 9.8 (0.3) years old at the examinations, participants from 
ALSPAC 15.5 (0.3) years and RS-III adults 56.8 (6.4) years old. 
AL increased from 22.36 (0.75) mm at 6 years; 23.10 (0.84) mm at 
9 years; 23.41(0.86) mm at 15 years; to 23.67 (1.26) mm in adults. 
After the age of 15 years, the upper 50 percentile of the AL spectrum 
increased, with the greatest difference in the highest 5 percentile. 
At 9 years, 11.4% of the children were myopic. In the highest ten 
percentile in adults, the prevalence of myopia and high myopia was 
97% and 23%, respectively. Of the 354 children with an increase 
in AL percentile score of >10 between age 6 and 9 years, 45.8% 
(n=162) were myopic at age 9, compared to only 4.8% (85/1781) 
of children with an increase in AL percentile score <10. Previously 
published European studies were in line with our data, while 
previously published Asian studies showed greater growth.



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Conclusions: This study formulated normative values for AL for 
Europeans that can be used for monitoring eye growth in children. 
These charts will help clinicians diagnose excessive eye growth 
at an early age, and substantiate the instigation of intervention for 
progressive myopia.
Commercial Relationships: Willem Tideman, None; Jan 
Roelof Polling, None; Vincent Jaddoe, None; Cathy Williams, 
None; Jeremy A. Guggenheim, None; Caroline Klaver, None

Program Number: 2402 Poster Board Number: B0551
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Perception of Global Form and Motion in Students with Bilateral 
Astigmatism
Erin M. Harvey1, 2, Joseph M. Miller1, 2, Howard P. Apple1, 3, 
J. Daniel Twelker1, 2, Amy L. Davis1, Tina K. Leonard-Green1, 
Irene Campus1. 1Ophthalmology and Vision Science, University 
of Arizona, Tucson, AZ; 2College of Public Health, University of 
Arizona, Tucson, AZ; 3Apple Medical Incubator, Winter Park, FL.
Purpose: Uncorrected astigmatism in early childhood can 
be amblyogenic, as evidenced by research reporting reduced 
best-corrected acuity in some astigmats. The influence of early 
astigmatism on perception of global form and global motion is not 
known. We tested the hypothesis that uncorrected astigmatism in 
early development is associated with reduced performance on global 
perceptual tasks.
Methods: Subjects were 4th-8th grade students from a highly 
astigmatic Native American population. Based on cycloplegic 
refraction, students were classified as having no/low refractive 
error (control group), moderate astigmatism (≥1.00D both eyes, 
mean ≥1.00D and <3.00D) or high astigmatism (≥1.00D both 
eyes, mean ≥3.00D). Thresholds for near letter acuity, global 
form perception (radial Glass patterns and continuous-, position-
defined, and orientation-defined radial frequency (RF) patterns), and 
global motion coherence (3 and 9 deg/sec speeds) were measured. 
Astigmats wore their best correction and control group students were 
uncorrected during testing. Analysis of Variance compared thresholds 
across the three groups.
Results: The sample included 301 students: 142 control group, 70 
moderate astigmats, 89 high astigmats. Most astigmats (98%) had 
previously worn spectacles. The groups did not significantly differ 
on mean age (12.07 years, SD 1.46), mean spherical equivalent, or 
gender. The control group had significantly better mean near acuity 
(-0.08 logMAR) than moderate (0.01) or high astigmats (0.02) (p < 
0.001). High astigmats showed reduced performance on perception of 
continuous RF patterns (p=0.011) and “slow” global motion stimuli 
(p=0.011), but moderate astigmats did not differ from the control 
group. Astigmats performed comparably to the control group on 
perception of radial Glass patterns, position- and orientation-defined 
RF patterns, and “fast” global motion stimuli.
Conclusions: Best-corrected acuity in astigmatic students, most 
of whom had previously worn spectacles, was only mildly reduced 
compared to the control group. Astigmats performed comparably 
to the control group on most global perceptual tasks, but there was 
evidence of deficits in perception of continuous radial frequency 
patterns (a hyperacuity) and “slow” global motion stimuli. Results 
suggest that although spectacles are effective at treating or averting 
clinically significant amblyopia, deficits in some aspects of perceptual 
functioning may persist.
Commercial Relationships: Erin M. Harvey; Joseph M. Miller, 
None; Howard P. Apple, None; J. Daniel Twelker, None; 
Amy L. Davis, None; Tina K. Leonard-Green, None; 
Irene Campus, None

Support: NIH grant U10-EY13153 and Research to Prevent 
Blindness

Program Number: 2403 Poster Board Number: B0552
Presentation Time: 3:45 PM–5:30 PM
Diverse visual behavior patterns in students in the same 
classroom
Longbo Wen1, Yingpin Cao1, Yihao Huang2, Yan Wu2, Xiang Li3, 
Weizhong Lan1, Zhikuan Yang1. 1Optometry, Aier School Of 
Ophthalmology, CSU, Changsha, China; 2Glasson Technology 
Co.Ltd, Hangzhou, China; 3California NanoSystems Institute, UCLA, 
Los Angeles, CA.
Purpose: Animal studies indicate that patterns of visual stimulus 
have a significant impact on eye growth. The project was performed 
to depict the visual behavior patterns for individual students by 
measuring the dynamic changes of viewing distance and ambient 
illuminance.
Methods: Twenty-three year-4 students were enrolled for the study. 
Each was requested to wear in a typical weekend day and a typical 
weekday a device named ClouclipTM. ClouclipTM can measure the 
reading distance per 5 seconds and ambient illuminance per 2 
minutes. Time for nearwork and for outdoor exposure was defined as 
the time during which the distance was not more than 70 cm and that 
the ambient illuminance was higher than 800 lux, respectively. The 
interruption of nearwork was defined as duration for viewing far was 
not shorter than 20 seconds and two episodes of nearwork would be 
regarded if the duration was longer than 2 minutes. Data was shown 
as Mean+/- 1SD.
Results: In the weekend day, the average total duration for nearwork 
was 257+/- 13.8 minutes [range: 16~711 min] and 22+/- 5.5 minutes 
[range: 0~111 min] for outdoor exposure for these students. By 
contrast, in the weekday the average total duration for viewing near 
was 345+/- 12.6 minutes [range: 16~711 min] and 57+/- 7.3 minutes 
[range: 0~160 min] for outdoor exposure. With regards to behavior 
pattern, the average duration to have an interruption of nearwork in 
the weekend day was 12.65 +/- 19.49 minutes [range: 1.85~65.59 
min], with 21.7% (5/23) students did not shift their focus from near 
to far at all during nearwork. The duration of shifting between indoor 
and outdoor exposure was 4.65 +/- 1.90 minutes [range: 2~9.25 min], 
with 39.1% (9/23) students did not expose to outdoor environment at 
all for the whole day. The diversity also existed in the weekday. The 
average duration to have an interruption of nearwork in the weekday 
was 7.03 +/- 8.14 minutes [range: 1.51~31.67 min], with 8.7% 
(2/23) students did not shift their focus from near to far at all during 
nearwork. The duration of shifting between indoor and outdoor 
exposure was 5.64 +/- 4.30 minutes [range: 2~17 min], with 30.4% 
(7/23) students did not expose to outdoor environment at all.
Conclusions: Evidence was established to prove distinct visual 
behavior patterns amomg students even in the same classroom. These 
parameters would provide important data to relate the behavior 
pattern to individual emmetropization in future studies.
Commercial Relationships: Longbo Wen, None; Yingpin Cao, 
None; Yihao Huang, Glasson Technology Co. Ltd (E); Yan Wu, 
Glasson Technology Co. Ltd (E); Xiang Li, None; Weizhong Lan, 
None; Zhikuan Yang, None
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Estimated global productivity loss from myopia
Kovin S. Naidoo3, 2, Tim R. Fricke1, Padmaja Sankaridurg3, 1, 
Thomas Naduvilath1, Serge Resnikoff3, 1, Kevin D. Frick4. 1School 
of Optometry and Vision Science, University of New South Wales, 
Sydney, NSW, Australia; 2African Vision Research Institute, 
Durban, South Africa; 3Brien Holden Vision Institute, Sydney, NSW, 
Australia; 4John Bloomberg School of Public Health, Baltimore, MD.
Purpose: To estimate the global economic productivity lost to visual 
impairment (VI) associated with myopia in 2015.
Methods: We estimated the productivity loss associated with VI from 
uncorrected myopia and myopic macular degeneration (MMD) based 
on published population, epidemiologic and economic data. Data 
included the age-, urban/rural- and country-specific prevalence of 
myopia, spectacle coverage and VI from MMD; distance VI disability 
weights from the Global Burden of Disease (GBD) study 2015; 
country-level per capita gross domestic product, employment rates, 
and age-specific labor force participation. We included an estimate 
of the provision of informal care by normally-sighted individuals. 
Results were aggregated by country, GBD region and globally.
Results: 
We estimated that in 2015 there were 201, 857, 463 and 515 million 
people globally with myopia that would cause mild VI (≤-0.75D but 
>-1.00D), moderate VI (≤-1.00D but >-2.50D), severe VI (≤-2.50D 
but >-4.00D) or blindness (≤-4.00D) respectively if uncorrected. 
Published country-level spectacle coverage rates were best modelled 
using the natural log of health expenditure per capita and adult 
literacy rates, and varied between urban and rural and across age 
groups. We estimated that in 2015 there were 82, 344, 187 and 211 
million people globally with uncorrected myopia causing mild VI, 
moderate VI, severe VI and blindness respectively, and that there 
were 5.5 and 4.8 million people globally with moderate-severe VI 
and blindness respectively caused by MMD. The global economic 
productivity loss associated with the burden of VI from uncorrected 
myopia was estimated at US$389.5 billion (95% confidence interval 
US$142.0 billion – US$960.9 billion), including US$27.2 billion 
(US$10.0 – 66.0 billion) in informal carer costs. The global economic 
productivity loss associated with the burden of VI from MMD 
was estimated at US$3.0 billion (US$1.1 – 10.3 billion), including 
US$0.2 billion (US$0.1 – 0.8 billion) in informal carer costs. 
Combined, these add to US$392.4 billion (US$143.0 – 970.8 billion), 
including US$27.4 billion ($US10.0 – 66.4 billion) in informal carer 
costs.
Conclusions: Even under conservative assumptions, the estimated 
annual productivity loss associated with VI from uncorrected 
myopia and MMD averages to US$470/case, providing an economic 
argument for prevention and management via refractive care, myopia 
control and vitreo-retinal services.
Commercial Relationships: Kovin S. Naidoo; Tim R. Fricke, 
Brien Holden Vision Institute (C); Padmaja Sankaridurg,  
Brien Holden Vision Institute (E); Thomas Naduvilath,  
Brien Holden Vision Institute (E); Serge Resnikoff, Brien Holden 
Vision Institute (C); Kevin D. Frick, None
Support: Brien Holden Vision Institute
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Elimination of Avoidable Blindness and Visual Impairment 
due to Refractive Error: Who are Our Priorities in Providing 
Spectacles?
Zhuoting Zhu1, Mingguang He1, 2. 1Zhonshan ophthalmology center, 
Sun Yat-Sen University, Guangzhou, China; 2CERA, Melbourne, 
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Purpose: To explore who our priorities are in providing spectacles 
for correction of refractive error in school children to achieve the 
goals of Vision 2020.
Methods: Guangzhou Refractive Error Study in Children (RESC) 
was a population-based, cross-sectional study conducted in urban 
southern China. The examination included visual acuity (VA) 
measurements, evaluation of ocular alignment, cycloplegic refraction, 
anterior and posterior segment assessment. Different levels of visual 
impairment (VI) were defined as uncorrected visual acuity (UCVA)  
< 20/40, 20/50 and 20/63 in the better eye.
Results: A total of 3782 children aged 7 to 15 years were enrolled 
in our current analysis. The leading cause of VI among school-aged 
children was refractive error (97.5% to 97.8% at UCVA < 20/40, 
20/50 and 20/63). The overall prevalence of refractive error, VI at 
different visual cutoff points were 46.2%, 23.2%, 18.4% and 13.6%, 
respectively. The spectacles coverage could be almost doubled to 
more than threefold if we prioritize providing spectacles to children 
with VI due to refractive error.
Conclusions: Because of significant global burden of VI due to 
refractive error and limited resources, our priority is to provide 
spectacles to visually impaired children who are in need. This could 
be a strong monitoring strategy to realistically achieve the goal of 
elimination of avoidable blindness and visual impairment in the final 
stage of Vision 2020.
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