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Abstract

Background: There is currently limited information about ethnic differences in myopia
prevalence within mainland China, especially in rural or semi-rural areas. We examined
the prevalence of refractive errors, visual impairment and spectacle coverage in school

children of varying ethnicity in Turpan, Xinjiang province.

Methods: A community eye care service was provided for 5 schools. Presenting
monocular distance and near visual acuity (VA), and ocular alignment were assessed.
Retinoscopy and cycloplegic subjective refraction were performed for participants
with presenting visual impairment (distance VA >0.3 logMAR; 6/12) or abnormal
binocular vision. Questionnaires administered prior to the eye examinations were

used to collect information regarding personal lifestyle and parental myopia.

Results: A total of 646 out of 690 (94%) subjects aged 4 to 19 years (11.9+2.6;
meantS.D.) completed the eye examination. 382 (59%) of participants were Uyghur
ethnicity, followed by Han, 176 (27%) and Hui, 74 (12%). The mean age of Uyghur, Han
and Hui students was 12.3 £2.7, 11.4 2.6 and 11.4 +2.3 years respectively, in which
the Uyghur students were significantly older than the Han and Hui students
(F(3,631)=5.58 p<0.001). In total, 170 (27%) and 85 (13%) subjects failed the screening
examination for one eye or both eyes, respectively. The prevalence of presenting visual
impairment was not significantly different among the ethnic groups (p=0.26). After
cycloplegic refraction, most subjects’ VA (98%) improved to <0.3 logMAR. The
prevalence of “clinically-significant myopia” (<-0.50 dioptres) was 27%, 18% and 13%
in Han, Hui and Uyghur children, respectively (p<0.001). In contrast, Uyghur students
had the highest prevalence of astigmatism (Uyghur 12%, Han 5%, Hui 4%). The overall

spectacle coverage was 36%, while spectacle coverage among ethnic groups were
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similar (Han, 41%; Uyghur, 32%; Hui, 41%,; x*>=2.23, df=2, p=0.33).

Conclusion: The prevalence of clinically significant myopia varied markedly with
ethnicity in school children sampled from a semi-rural region of mainland China (Han
> Hui > Uyghur). As reported previously, uncorrected/under-corrected refractive error

was the main cause of presenting visual impairment.



Introduction

According to World Health Organization, about 90% of cases of visual impairment are
found in developing countries, and 80% are preventable,! with uncorrected refractive
error the major cause. Recent epidemiology studies suggest the prevalence of myopia
in Chinese children can be as high as 80% in certain regions.? However, most of these
studies have investigated individuals of Han Chinese ethnicity, the predominant ethnic
group in China.3? Data on the prevalence of visual impairment and refractive errors of
other ethnic groups in China are limited. Due to the differences in cultural and family
lifestyle, as well as genetic difference between Uyghur and Han, we hypothesized that
the distribution of refractive errors in Chinese subjects may differ with ethnicity. This
study examined the prevalence of visual impairment and refractive errors in school-

age children from three different ethnic groups living in the same region.

Turpan is a rural area in Xinjiang province, North-west China, and is home to three
main ethnic groups, the Uyghur, Han and Hui. As part of a community eye care project
designed to provide spectacles for school children in Turpan, we sought to determine
whether ethnicity was a major determinant of myopia prevalence in a region expected

to have a relatively low level of myopia.

Methods

Study population

Our project was aimed to provide eye care service for students from primary to junior
secondary — an age group that was vulnerable for significant changes in refractive
errors. We analyzed cross-sectional data collected during the provision of a community
eye care service to five schools (three primary and two secondary schools) in Turpan.

All tests were conducted by optometrists and optometry students. Participants
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completed questionnaires prior to the eye examination. The questionnaires included
items that ascertained satisfaction with current vision, time spent indoors/outdoors,
and the refractive status of parents. Informed consent was obtained from the
parents/guardians of the participating students. The study followed the tenets of the

Declaration of Helsinki.

Examinations

Visual acuity and ocular motility assessment

The workflow of the examination is summarized in Figure 1. For students wearing
glasses, their prescriptions were checked by focimeter. All students’ presenting
monocular distance (3 m) and near (40 cm) visual acuity (VA) was assessed using a
logMAR chart with Tumbling-E optotypes on illuminated test charts (approximately
480 lux). Tumbling-E optotypes were used in this study because some ethnic students
might not know alphabets or numbers. During the acuity measure, students were
asked to use their fingers to indicate the direction of the Tumbling-E until 3 consecutive
letters could not be resolved accurately. The VA testing was carried out by four
examiners and VA was measured by-letter scoring method. Ocular alighment was
assessed at distance (4 m) and near (40 cm) using the cover test with subjects’ habitual
correction. Those with presenting distance VA in either eye worse than 6/12 (0.3
logMAR), heterotropia, or restricted motility underwent cycloplegic refraction and an

ocular health examination, as described below.

Cycloplegic refraction and ocular health assessment
Cycloplegic refraction was performed 30 minutes after instillation of 1 drop each of
0.5% phenylephrine and 0.5% tropicamide. Cycloplegia was confirmed when the pupil

size was 6 mm or larger without any light reflex. Cycloplegic refraction was carried by
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retinoscopy followed by subjective refraction (sphere and Jackson cross-cylinder).
External and internal ocular health was assessed using slit lamp biomicroscopy and
direct ophthalmoscope respectively. Spectacles were prescribed for participants

whose distance VA improved (by at least 1 line) after subjective refraction.

Definitions

Mean spherical equivalent (MSE) refractive error was calculated as sphere power plus
half of the cylinder power. In line with the definitions adopted in other studies, %°1°
myopia was defined as SE refraction of <-0.50 diopter (D), while hyperopia was
defined as SE refraction of >+2.00D. Emmetropia was defined as SE between >-0.50
and <2.00D and astigmatism of less than 0.75D. Given that subjective refraction was
only conducted for students failing the distance acuity in either eye, we made an
assumption that the eyes with presenting unaided distance VA of 6/12 (0.3 logMAR)
or better had non-clinically significant refractive errors. For students whose presenting
aided distance VA was 6/12 (0.3 logMAR) or better, MSE of their spectacles were
categorised based on the definitions of ametropia. Unlike other epidemiology studies,
“clinical significant myopia” was used to determine the prevalence of participants with
myopic MSE and visual acuity worse than 6/12 (0.3 logMAR) in either eye. Participants
were classified as myopic if either eye was myopic.>?*! Bilateral hyperopes and
subjects with one hyperopic and one emmetropic eye were categorized as hyperopic.
Astigmatism was defined as cylinder power of 0.75D or more. Visual impairment was

defined as presenting VA worse than 0.30 logMAR in one eye or both eyes.}214

“Met need’” was defined as the number of students who had refractive errors and
were corrected (by their current spectacles), while “unmet need” was defined as the

number of students who had refractive errors but were uncorrected (i.e. VA was failed
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in either eye who had no glasses) / under-corrected (i.e. VA was failed even with

glasses). Spectacle coverage (%) was calculated as follow: °

Spectacle coverage (%) = [met need/ (met need + unmet need)] X 100%

Statistical Analysis

Statistical analysis of the data was carried out using the Predictive Analytic Software
(PASW19.0, SPSS Inc., Chicago, IL, USA). Chi-square (x?) tests Mann-Whitney U test and
Kruskal-Wallis one-way analysis of variance were applied to assess the effects of
ethnicity and gender on visual acuity, refractive error, lifestyle and parental refractive
status. Prevalence of refractive errors, strabismus and spectacle coverage was
calculated and compared among the ethnic groups. Univariate logistic regression was
used to explore the predictors of refractive errors including parental refractive status,
time spent indoors, and time spent outdoors. Predictors of strabismus were explored
including ethnicity, gender, myopia prevalence, hyperopic prevalence and astigmatism
prevalence and refractive errors. Model terms that were statistically significant at the
0.1 level were entered into a multivariate logistic regression to evaluate their

independent effects. A p-value less than 0.05 was considered as statistically significant.

Results

Characteristics of study population

Among the recruited 690 students, 646 (94%) students from 5 schools aged 4 to 19
years (mean * SD; 11.9 + 2.6 years) completed the eye examination. Table 1
summarizes the demographic information, time spent on different tasks, and

refractive error findings. The major ethnic group was Uyghur (382 students, 59%),
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followed by Han (176 students, 27%), Hui (74 students, 12%) and others (14 students,
2%). Given that very few students (n=14) were classified as “other”, this ethnic group
was excluded in further analyses, leaving a total of 632. The mean age of Uyghur, Han
and Hui students was 12.3 +2.7, 11.4 +2.6 and 11.4 +2.3 years respectively, in which
the Uyghur students were significantly older than the Han and Hui students
(F(3,631)=5.58 p<0.001). Of the 632 examined students, 76% students reported
dissatisfaction with their current habitual vision. However, only 42% had ever had an

eye examination.

The majority of students spent more time on indoor than outdoor activities (3-5 hours
indoors VS. 1-3 hours outdoors). Interestingly, Hui students spent significantly fewer
hours indoors compared with Han and Uyghur (x?=14.9, df=6, p=0.02). In total, 15% of
subjects reported at least one parent having myopia, however this was approximately
twice as common for Han participants (24%) than the other major ethnic groups (Hui,

11%; Uyghur, 15%; x>=17.9, df=2, p<0.001).

Visual acuity and cycloplegic refraction

All students were asked to bring their own spectacles to the school on the day of the
eye examination, regardless whether they wore them or use them. Among, the one
hundred and thirty-five students (21%) reported having spectacles, 94% students
brought their spectacles for the examination. However, only 40% of the students wore
the spectacles at school on a regular basis. Presenting distance VA was 0.16 £ 0.23 and
0.15+0.22 logMAR, while presenting near VA was 0.08 £ 0.19 and 0.06 = 0.18 logMAR
for right and left eyes, respectively. Subnormal distance vision was found in 170
students (27%) and 85 students (13%) for one eye, and both eyes, respectively. The

prevalence of subnormal presenting VA was not significantly different among ethnical
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groups (x>=1.3, df=2, p=0.26 for unilateral impairment; x*=4.7, df=2, p=0.09 for

bilateral impairment).

Best-corrected distance VA (after cycloplegic refraction) was 0.08 + 0.17 and 0.08 +
0.16 logMAR for right and left eyes, respectively. There were 16 (3%) and 9 students
(1%) with unilateral and bilateral visual impairment uncorrectable by spectacles. The
causes of bilateral visual impairment included amblyopia (2 students), ocular diseases
(2 students had bilateral congenital cataract and 1 student had suspected macular

dystrophy, Table 2) and unidentifiable visual problems (4 students).

A total of 85 students’ current spectacles (13%) “met need” with appropriate
prescription (95% Cl: 11%-16%). In contrast, new spectacles were required for 150
participants (i.e. unmet need), accounting for 24% of the recruited population (95% Cl:
21%—27%). The overall spectacle coverage was 36%, while spectacle coverage among
ethnic groups were similar (Han, 41%; Uyghur, 32%; Hui, 41%; x*=2.23, df=2, p=0.33)

(Table 1).

Prevalence and determinants of clinically significant refractive error

Cycloplegic MSE varied with age, from a median of -0.50 D in 4-8 year-olds to -0.70 D
in 15-19 year-olds (right eyes; x?=4.5, df=7, p=0.73, Figure 2). The median MSE was -
1.00D and -1.38D in girls and boys respectively (Mann-Whitney U=1454, p=0.20). The
prevalence of myopia varied significantly with ethnicity: Han 27%; Hui 18%; Uyghur
13%, respectively (x?=19.4, df=3, p<0.001; Table 1). After adjusting for age, gender,
parents’ refractive status, time spent outdoors and time spent indoors, the odds ratios
(OR) for myopia in Uyghur VS. Han children was 0.36 (95% Cl: 0.23-0.58; p<0.001) and

in Hui VS. Han children was 0.60 (95% Cl: 0.30-1.21; p=0.15).



As shown in Figure 3, the median MSE in Uyghur students (-0.38D) was significantly
less myopic/more hyperopic than in Han (-1.50D) and Hui students (-1.25D) (both
p<0.001). In contrast, Uyghur students were likely to have astigmatism (OR=2.01; 95%
Cl: 0.94-4.30) and hyperopia (OR=3.14; 95% Cl: 0.91-10.84) than Han students,

although barely insignificant after adjustment (Table 1).

Ocular abnormalities

Tropia was found in 76 (12%) students: 36 (6%) at distance and 72 (11%) at near.
Exotropia was the most common form (56% and 79% for distance and near,
respectively). Nystagmus was presented in 6 (1%) students. The prevalence of ocular
misalignment was not significantly different across ethnic groups (p=0.17 and 0.27 for
distance and near misalignment respectively). The gender (p=0.04) and refractive
errors (P=0.01) were significant predictors for distant ocular misalignment, while
astigmatism prevalence (P<0.001) and gender (P=0.01) were significant predictors for
near ocular misalignment. The anterior and posterior segment abnormalities observed

during the vision assessment are listed in Table 2.

Discussion

Reduced presenting VA due to refractive error and spectacle coverage

To minimize the adverse impact of poor vision on students’ academic performance,
early detection and management of visual impairment is important.’®1® Our study
found that 13% students’ presenting VA in both eyes was worse than 6/12 (0.3
logMAR), with no significant difference among different ethical groups. After
cycloplegic refraction, 98% of students’ VA improved to better than 6/12 (0.3 logMAR).

Thus, in line with previous studies,?° uncorrected refractive errors were the leading
10



cause of visual impairment in these school-age students in Turpan. This type of vision
problem can easily be managed by prescribing a pair of suitable spectacles. In our
study, the overall spectacle coverage was only 36%, where 150 pairs of new spectacles
were prescribed and dispensed such that students could benefit from refractive
correction. Sixty four percent semi-rural students with refractive errors did not own
spectacles or have accurate spectacles. Our finding was comparable to another large-
scale epidemiology study by Congdon and colleagues?! where 62% rural Chinese

children did not have appropriate correction.

The prevalence of visual impairment reported in our finding was slightly higher than
that reported in urban regions in China such as Guangzhou (10%),2 but lower than
that reported in another rural area (17%).1° Two plausible reasons may explain the
discrepancy. First, 75% students were not satisfied with their current visual status
through self-reported questionnaire, but less than half of them sought eye
examination to address their concern. This could be because of participants or their
parents’ poor awareness and recognition of visual problems, as well as low
affordability or accessibility of eye examination or spectacles.???3 Second, only 40%
students with prescribed spectacles actually wore them on regular basis. Surprisingly,
some students with significant myopia (e.g. >-4.00D) chose not to wearing their
spectacles constantly, mainly because of the stigma attached to wearing glasses or
mistaken belief that wearing glasses made eyes deteriorate even faster.1021,23-25
Hence, regular arrangement of vision screening and school health programs is
essential to raise students’ awareness of eye care and educate the importance of
appropriate refractive corrections. Despite a high percentage of dissatisfaction of
participants’ habitual vision (75%), only 27% students had subnormal distance vision

in either eye. It is possible that other visual factors such as contrast sensitivity, visual
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field, and stereo-acuity that were not measured in our study, may affect participants’
self-perceived vision satsisfaction.?® In addition, quality of learning environment such
as adequacy of lighting or sources of glare in the classroom may affect the students’

satisfaction level on vision.

Different prevalence of clinically-significant myopia in ethnic minority

The prevalence of myopia is high in eastern Asian children and has increased in recent
generations.?”?8 Unlike other epidemiology studies,>®1%22 our study determined the
prevalence of “clinically-significant myopia”, where cycloplegic refraction was only
conducted for students who failed the distance VA. This would underestimate the
prevalence of myopia comparing with other studies.>*1022 Despite this limited
definition on estimating the prevalence of myopia, it did disclose marked ethnic
differences: Han students were 2.6 times and 1.8 time more likely to be myopic than
Ugyhur and Hui children, respectively. Uyghur students had lower myopia prevalence
despite they were approximately one year older, suggesting that the actual ethnical-
differences in prevalence may be even greater. Although our participants were
recruited based on convenience sampling, the significant ethnical difference in myopia
prevalence was unlikely due to the bias in ethnical minority attending schools. In
recent years, Ministry of Education of Mainland China has allocated much resource to
implement nine-year free and compulsory education.?® According to the official figures,
the students’ enroliment rate for primary and secondary junior in Turpan was nearly
100%.3° The ethnic distribution in our sampled population was comparable with those
reported in the government official figures where the Turpan population structure
comprised 69% Uyghur, 25% Han and 6% Hui.3! Hence, result from our study provided
preliminary evidences in the ethnic differences in school-age students’ prevalence of

clinically-significant myopia.
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Turpan is a county-level city with a population density of only 16.0 per square
kilometer.3! It is categorized as a semi-rural region. Previous studies suggested that
children living in rural areas spend less time indoors and on near-work than those living
in urban areas.3%33 Greater outdoor activity is associated with reduced myopia
incidence and possibly progression rate.3*3” Here, time spent indoors was positively
associated with myopia, but time spent outdoors and near work had no association
with myopia. Owing to the limited information on the actual amount of time spending
on different tasks per day, analysis on the effect of near work and outdoor activities

on refractive errors could not be examined.

Refractive status in Uyghur students

In previous surveys, children of Han Chinese ethnicity have shown a higher
prevalence of myopia compared to European and Malay children living in the same
region3¥*! suggesting that Chinese children may be more susceptible to myopia than
Caucasian children. The Uyghur are a group of Turkish origin living in Eastern and
Central Asia, with ancestry from both East Asians and Europeans.*? This genetic
contribution from European ancestry may therefore be a cause of the lower
prevalence of myopia we observed in Uyghur students, however lifestyle factors
could also explain our findings. Despite the likely misreporting of parental myopia
due to ascertainment by a questionnaire, the same pattern of ethnicity-related
myopia prevalence was also apparent in the parents (p<0.001; Table 1). This implies

that the cause of the difference is not of recent origin.

The higher prevalence of astigmatism in the Uyghur children was surprising in light of

43,44
13

their lower myopia prevalence, since myopia and astigmatism typically co-occur.



However, other ethnic groups, such as Native Americans, have been found to show a

high prevalence of astigmatism.*®

Prevalence of strabismus

The prevalence of tropia in our study was higher comparing with other studies in
China.?104647 Qur results showed that refractive errors could be correlated with
distant ocular misalignment. In addition, male in this cohort was more susceptible to
have ocular misalignment in both distant and near. Previous studies have shown that
uncorrected refractive errors could result in exo-deviation.*® Yet, given the limited
demographic information was available (e.g. birth history or family history of
strabismus or amblyopia were not collected), Further investigation was needed for

higher prevalence of strabismus.

Limitations

To our knowledge, this is the first study reporting the ethnicity-related differences in
the prevalence of refractive error and visual impairment, and spectacle coverage of
school children in a rural region of mainland China. However, there were several
limitations to our study. First, this was a community project, which aimed to provide
eye care services to students in rural areas in China, and hence schools were not
recruited via random sampling and the number of participants was lower than would
have been ideal. Thus, our findings may not represent the true prevalence of visual
impairment and myopia in Turpan, but provide preliminary evidences in the ethnic
differences in prevalence of clinically-significant myopia in Turpan students. Second,
cycloplegic refraction was only conducted for students who failed the distance VA test.
Therefore, some students who passed the VA might have a low level of myopia (e.g.

between -0.50 and -1.00D), underestimating the overall prevalence of myopia in this
14



population. Third, the questionnaire collected only limited information about the
amount of time spent indoors, outdoors, performing near-work, and parental
refractive status, which limited our ability to assess associations of other factors and
students’ myopia development. Without a standardized questionnaire quantifying the
hours of the outdoor, indoor and near work activities per day for each student,
associations between outdoor activity and near work and prevalence of myopia

cannot be made.

Conclusion

In this study, preliminary evidences were provided that the prevalence of refractive
errors was different among ethnic minorities. Uyghur school children from North West
China had a lower prevalence of myopia compared to their Han and Hui peers.
However, factors associated with the lower prevalence of myopia in particular in

Uyghur children need further population-based investigation.
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Table 1. Demographic distribution, self-reported time spending on different activities, distribution of refractive errors
Adjusted Odds ratios* (95% Cl) P-

Han Uyghur Hui P-value value
Uyghur Hui
Male 74 (42%) 165 (43%) 30 (41%) 0.90 - -
No. of Participants (%) Female 102 (57%) 217 (57%) 44 (60%) -- --
Total 176 (27%) 382 (59%) 74 (12%) -- --
Age Mean (SD) 11.4 (2.5) 12.3(2.7) 11.4 (2.3) 0.001 - -
Spectacle coverage (%) 34/83 (41%) 39/123 (32%) 12/29 (41%) 0.33 - -
0.36(0.22-0.59) 0.50(0.24-1.05)
Parental myopia (%) 43/176 (24%) 40/376(11%) 11/74 (15%) <0.001
P<0.001 P=0.07
Lifestyle factor (%) Indoor <1 hours 39/172 (23%) 54/370 (15%) 19/73 (26%) 0.02 - -
1-3hours 66/172 (38%) 129/370 (35%) 30/73 (41%) - -
3-5Shours  63/172 (37%) 171/370 (46%) 23/73 (32%) - -
>Shours  4/172 (2%) 16/370 (4%) 1/73 (1%) - -
Outdoor <lhours  37/172 (21%) 80/370 (22%) 19/74 (26%) 0.51 - -
1-3 hours 104/172 (59%) 238/370 (64%) 44/74 (60%) - -
3-5Shours  30/172 (17%) 48/370 (13%) 9/74 (12%) - -
>5hours  5/172 (3%) 4/370 (1%) 2/74 (3%) - -
Near work <1 hours 70/173 (41%) 103/371 (28%) 21/73 (26%) 0.08 - -
1-3hours 77/173 (45%) 215/371 (58%) 43/73 (41%) - -
3-5Shours  21/173 (37%) 45/371 (12%) 7/73 (32%) - -
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>5 hours 5/173 (2%) 8/371 (2%) 2/73 (1%) - -
Prevalence of 0.36 (0.23-0.58) 0.60(0.30-1.21)
refractive error (%) Myopia 48/176 (27%) 48/382 (13%) 13/74 (18%) <0.001 P<0.001 P=0.15
3.14 (0.91-10.84) 0.79 (0.08-7.75)
Hyperopia 3/176 (2%) 25/382 (7%) 1/74 (1%) 0.02 P=0.07 P=0.84
2.01 (0.94-4.30) 0.78 (0.20-2.99)
Astigmatism 9/176 (5%) 44/382 (12%) 3/74 (4%) 0.02 P=0.07 P=0.78
0.96 (0.49-2.02) 0.42 (0.09-1.93)
Tropia (%) Distant 11/176 (6%) 23/382 (6%) 2/74 (3%) 0.49
P=0.92 P=0.26
1.37 (0.75-2.49) 1.56 (0.67-3.67)
Near 16/176 (9%) 46/382 (12%) 10/74 (14%) 0.49
P=0.30 P=0.30

The percentages were calculated based of three major ethnic groups. Very small proportion of spectacle information was missing for analysis.

* Odds ratios were computed with reference to the Han ethnic group.
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Table 2. Summary of causes of visual impairment according to presenting distance

visual acuity

Unilateral Bilateral Total
Causes
Myopia 38 60 98
Hyperopia 19 8 27
Astigmatism 7 3 10
Refractive amblyopia 8 2 10
Strabismic amblyopia 1 0 1
Cataract 5 2 7
Suspected macular problem 0 1 1
Unknown 2 4 4

Two subjects had myopia in one eye, where one eye’s visual acuity could

not improve to 6/12.
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Figure 1. Workflow of eye examination.
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Figure 2. Distribution of mean spherical equivalent refractive error (cycloplegic

refraction) in right eye by age.
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Figure 3. Prevalence of refractive errors by ethnic groups.
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