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Abstract

Background To investigate trends in the prevalence of reduced visual acuity (VA), a proxy measure for myopia, in an urban
district in China.

Methods Data were extracted from the dataset of the 2002 and 2018 Annual Survey on Students’ Constitution and Health
from Yuhua District, Changsha City, China. Children aged 615 years were included in the study. VA was measured using a
LogMAR tumbling E chart. The prevalence of reduced VA was calculated by age and gender. The chi-square test was used
to compare the differences between groups.

Results The final VA analysis included 26217 children in 2002 and 45510 children in 2018. The overall prevalence of
reduced VA increased from 28.3% in 2002 to 46.5% in 2018 (P <0.001). The prevalence of reduced VA started to increase
markedly from the age of 14 years in 2002, while in 2018 it started to increase markedly from the age of 9 years. The
prevalence of severely reduced VA increased in all age groups from 2002 to 2018 and increased with age (all P <0.001). In
2002, over 50% of children in all age groups had normal VA. By 2018, the prevalence of normal VA decreased from 61.4%
in those aged 6 years to 31.9% in those aged 15 years.

Conclusions The prevalence of reduced VA among children aged 6-15 years in Yuhua District has become more common
with age, and there has been a marked increase in the prevalence of reduced VA from 2002 to 2018. The remarkable
epidemic of reduced VA started 5 years earlier in 2018 than in 2002. Evidence from the present study suggests that
interventions should be launched before the age of 9 years.

Introduction

Myopia is the most common eye disease affecting the
eyesight of children and adolescents [1]. It increases the risk
of eye complications, including retinopathy, glaucoma,
retinal detachment, and blindness [2, 3]. Many epidemio-
logical studies have confirmed that near work is a major risk
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factor associated with myopia. Other commonly associated
factors include a high educational level of children and
parents, females, and less outdoor activity [4-6].

In East Asia, such as the Chinese mainland, Taiwan, and
Korea, where nearly 80% of adolescents are affected by
myopia, the myopia epidemic has become a public health
threat [7, 8]. Therefore, it is one of the main priorities of the
five vision 2020 initiatives launched by the World Health
Organisation (WHO) [9]. China, with its rapid economic
development and transitions in behaviour and lifestyle, is
one of the countries with the highest rates of childhood
myopia in the world [10]. The Chinese government now
pays more attention than ever before to the eyesight health
of children and adolescents.

Using visual examination data from the dataset of 2002
and 2018 Annual Survey on Students’ Constitution and
Health from Yuhua District, Changsha City, China, this
study aimed to investigate trends in the prevalence of
reduced visual acuity (VA), a proxy measure for myopia, in
an urban district in China.
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Methods
Study subjects

Changsha, the capital of the Hunan province of central
China, has more than 3.5 million residents living in six
urban districts. It has a well-developed elementary and
secondary education system, all school-aged children
complete 9 years of compulsory education in elementary
school (6 years) and secondary school (3 years). We per-
formed the analysis using data extracted from the dataset of
the 2002 and 2018 Annual Survey on Students’ Constitu-
tion and Health from Yuhua District, Changsha City, China.
The random cluster sampling method was used to select
elementary and secondary schools from the Yuhua District.
All students from the selected schools underwent visual
examinations according to the manual of the National Stu-
dent Constitution and Health Survey (Chinese version).
Children aged less than 6 years or older than 15 years from
the dataset were excluded from the analysis. We collected
general information including name, gender, age, and the
name of the school of all participants.

VA determinations

VA was measured using a retroilluminated LogMAR chart
with tumbling E optotypes (Precision Vision). The specific
measurement method was as follows: (1) The fourth line from
the bottom (6/6) was set at the same height as the eye being
tested. (2) Both eyes were examined separately, first the right
eye, and then the left eye. (3) Measurements started at a
distance of 5 m, starting from the fourth line from the bottom
(6/6), using a staircase protocol, four of the five optotypes
identified were considered as correct. (4) The VA equals the
lowest line reading successfully. (5) If the top line was not
read, the child would move forward until he could read. The
protocol of VA examinations was the same in both surveys.
Presenting and best-corrected VA were not measured.

Normal VA was defined as equal to or greater than 6/6.
Mildly reduced VA was defined as greater than 6/9 and less
than 6/6. Moderately reduced VA was defined as greater
than 6/18, equal to or less than 6/9. Severely reduced VA
was defined as equal to or less than 6/18 [11].

The definitions of VA categories in our study were dif-
ferent from those defined by the WHO and International
Council of Ophthalmology (ICO) [7, 12]. In this study, the
definition of reduced VA was based on an unaided distance
VA of less than 6/6 in the worse eye. The WHO definition
of visual impairment (VI) is based on presenting VA of less
than 6/18 in the better eye, while that of the ICO is based on
an unaided distance VA worse than 6/7.5 in the worse eye.
The VI in the WHO definition is more severe than that
recognised in the ICO definition. Our definition of

moderately and severely reduced unaided VA covered the
WHO categories of moderate and severe vision impairment
and blindness, but was broader. According to WHO defi-
nitions, our definition of mild and moderate reduced VA is
not VI. These methodological differences limit the com-
parison of our results with those of many other countries.

Statistical analysis

The prevalence of reduced VA and severely reduced VA
were calculated by age and gender. The chi-square test was
used to compare the differences between groups. The
Cochran—Armitage test was used to examine the age trends
for the prevalence of severely reduced VA. All statistical
analyses were performed using SPSS version 22.0 (IBM,
New York, USA). The figures were plotted using Microsoft
Excel 2007. All P values were two-sided and P <0.05 was
considered significant for all tests.

Results

A total of 26,644 children in 2002 and 45,696 in 2018 were
evaluated. A total of 427 children in 2002 and 186 children
in 2018 were excluded from the analysis because of
incomplete information. The final analysis included 26,217
children in 2002 and 45,510 children in 2018. There were
no significant differences in age and gender between the
two surveys (P> 0.05).

Table 1 shows that the overall prevalence of reduced VA
increased from 28.3% (95% CI, 27.8-28.9%) in 2002 to
46.5% (95% CI, 46.0-46.9%) in 2018 (P <0.001).

Table 2 shows the prevalence of reduced VA stratified by
age and gender.

Reduced VA was more prevalent across age groups in
2018 than in 2002, except for the 6-8-year age group (P <
0.001). The prevalence of reduced VA increased from
24.8% in 2002 to 43.2% in 2018 for boys and from 32.3 to
50.2% for girls (P <0.001).

Figure 1 shows that in 2002, the prevalence of reduced VA
in the 6-10-year olds was very high and there was a
decreasing trend from age 6 to 10 years. The prevalence of
reduced VA in children aged 6-7 years in 2018 was
decreased compared to 2002. In 2002 and 2018, the pre-
valence of reduced VA was higher among girls than boys in
all age groups. In 2018, the prevalence of reduced VA started
to increase markedly from the age of 9 years, while in 2002, it
started to increase markedly from the age of 14 years.

Table 3 shows that the prevalence of severely reduced
VA increased in all age groups from 2002 to 2018 and
increased with age (all P<0.001). The prevalence of
severely reduced VA increased from 14.9% in 15-year olds
in 2002 to 38.6% in 15-year olds in 2018 (all P <0.001).
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Table 1 General characteristics

of the study participants in 2002 Category 2002 2018 P
and 2018. n %(95% CI) n %(95% CI)
Age (year)
6-11 17583 66.0 (65.4, 66.6) 29968 65.6 (65.1, 66.0) 0.261
12-15 9061 34.0 (33.4, 34.6) 15728 34.4 (34.0, 34.9)
Sex
Boys 14127 53.0 (52.4, 53.6) 24409 53.4 (53.0, 53.9) 0.305
Girls 12517 47.0 (46.4, 47.6) 21287 46.6 (46.1, 47.0)
Visual acuity
Normal 18786 71.7 (71.1, 72.2) 24357 53.5 (53.1, 54.0) <0.001
Reduced® 7431 28.3 (27.8, 28.9) 21153 46.5 (46.0, 46.9)
Reduced visual acuity
Mildly reduced® 3557 47.9 (46.7, 49.0) 5704 27.0 (26.4, 27.6) <0.001
Moderately reduced® 2762 37.2 (36.1, 38.3) 7978 37.7 (37.1, 38.4)
Severely reduced 1112 15.0 (14.2, 15.8) 7471 35.3 (34.7, 36.0)
“Reduced visual acuity was defined as worse than 6/6.
°Mildly reduced VA was defined as greater than 6/9 and less than 6/6.
“Moderately reduced VA was defined as greater than 6/18, equal to or less than 6/9.
dSeverely reduced VA was defined as equal to or less than 6/18.
Vil ity srafod by s Catezory 2002 2018 ,
and age among students aged n Total  %(95% CI) n Total %(95% CI)
6-15 years.
Age (year)
6 2014 914 45.4 (43.2, 47.6) 4845 1872 38.6 (37.3, 40.0) <0.001
7 2919 1038 35.6 (33.8, 37.3) 5714 1849 32.4 (31.1, 33.6) 0.003
8 3091 880 28.5 (26.9, 30.1) 5379 1648 30.6 (29.4, 31.9) 0.036
9 3133 734 234 (21.9, 24.9) 4773 1728 36.2 (34.8, 37.6) <0.001
10 2957 688 23.3 (21.7, 24.8) 4648 1904 41.0 (39.5, 42.4) <0.001
11 3185 694 21.8 (20.4, 23.2) 4470 2155 48.2 (46.7, 49.7) <0.001
12 3197 716 22.4 (21.0, 23.8) 5096 2887 56.7 (55.3, 58.0) <0.001
13 2378 559 23.5(21.8,25.2) 5113 3312 64.8 (63.5, 66.1) <0.001
14 1862 609 32.7 (30.6, 34.8) 4680 3259 69.6 (68.3, 71.0) <0.001
15 1481 599 40.4 (37.9, 42.9) 792 539 68.1 (64.8, 71.3) <0.001
Sex
Boys 13878 3447 24.8 (24.1, 25.6) 24293 10496 43.2 (42.6, 43.8) <0.001
Girls 12339 3984 323 (31.5,33.2) 21217 10657 50.2 (49.6, 50.9) <0.001

Figures 2 and 3 shows the percentages of students with
normal, mildly, moderately, and severely reduced visual
acuity in 2002 and 2018. In 2002, normal VA accounted for
the majority of all age groups. In 2018, the proportion of
normal VA in 15-year olds was only 31.9% (Figs. 2 and 3).

Discussion

In this population-based study on school children aged 6-15
years in Changsha, we found that there has been a
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significant increase in the overall prevalence of reduced
unaided VA from 2002 to 2018. In 2002, 71.7% of children
had normal VA, while only 53.5% had normal VA in 2018.
Sun reported that the overall prevalence of reduced VA in
Chinese students increased from 28.6 to 56.8% from 1985
to 2010 in mainland China [13]. Similar trends were
observed in Taiwan and Singapore [8].

The prevalence of reduced VA in the 6-7-year olds in
2002 was higher than that in 2018 and there was a decreasing
trend from age 6 to 10 in 2002. However, as can be seen from
Fig. 2, the prevalence of moderately and severely reduced VA
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in the 6-7-year olds in 2018 has risen compared to 2002. This
suggests that the overall vision among the 6-7-year olds has
not really improved in 2018. The decreasing trend from age 6
to 10 in 2002 was mainly caused by the decrease in mildly
reduced VA. It should be noted that the high prevalence of
reduced VA in the 6-8-year olds may not be due to myopia.
Studies that measure cycloplegic refraction show that the
actual prevalence of myopia in the 6-8-year olds is much
lower than our results [14]. Although unaided VA has been
used as a justified measure of myopia in previous studies
[11, 12, 15], cognitive difficulties may be present when vision
tests are administered at a younger age. Therefore, we
speculated that the higher prevalence of reduced VA in young
children in 2002 and 2018 was caused by cognitive difficul-
ties. The comparatively lower prevalence of reduced VA in
the 6-7-year olds in 2018 was caused by cognitive
improvement. Due to more intensive teaching in kindergar-
tens, these children may be better prepared cognitively for

90
80
70

60 ——2002Total

50 2018Total

40 =>¢=2002Boy

—=2018Boy
30
©—2002Gir|

20

2018Girl
10

6 7 8 9 10 11 12 13 14 15

Fig. 1 Prevalence of reduced visual acuity in China by sex group in
2002 and 2018. Line graph represented the prevalence of reduced
VA in children aged 6 to 15 years by year and sex.

schooling than in the past. Compared to 2002, our results
indicated that the prevalence of severely reduced VA
increased significantly across almost all age groups of chil-
dren in Changsha in 2018, suggesting that there was no
meaningful vision improvement in 2018.

Xiang et al. found that the prevalence of moderately and
severely reduced VA was closely correlated with the pre-
valence of myopia measured by cycloplegic autorefraction
[11]. Although cycloplegic refraction (the gold standard for
myopia assessment) was not measured due to the large
sample size, the observed trend of the increase in moder-
ately and severely reduced VA was largely due to the
increased prevalence of myopia. When comparing our
results with previous studies using the same methodology,
we found that the distribution of moderately and severely
reduced VA across ages in Changsha in 2018 was similar to
that pattern in Guangzhou in 2002. The prevalence of
moderately and severely reduced VA in the 6-9-year olds in
Changsha in 2002 was around 10%, while the prevalence
in Guangzhou was 15-30%, similar to that in Changsha in
2018. The prevalence of moderately and severely reduced
VA at age 15 in Changsha in 2002 was 30%, compared to
about 75% in Guangzhou in 2002 and 60% in Changsha in
2018. Urbanisation and socioeconomic development are
highly associated with increased myopia in China [12]. As
economic development, urbanisation, and the expansion of
the education system have occurred almost in parallel in
China, the increasing intensity of education seems to be the
most important factor that could have contributed to the
increased myopia. Since Guangzhou is one of the biggest
tier 1 cities in China, and Changsha is a rapidly developing
new tier 1 city which has just been ranked as a new tier 1
city, the similar growth pattern between Changsha in 2018

Table 3 Prevalence of severely

reduced visual acuity stratified Category 2002 2018 P
by sex and age among students n Total 9%(95% CI) n Total 9%(95% CI)
aged 6-15 years.
Age (year)
6 2014 17 0.8 (0.4, 1.2) 4845 74 1.5(1.2,1.9) <0.001
7 2919 32 1.1 (0.7, 1.5) 5714 129 2.3 (1.9, 2.6) <0.001
8 3091 40 1.3 (0.9, 1.7) 5379 208 39 (34,44 <0.001
9 3133 71 2.3 (1.7,2.8) 4773 378 79 (1.2, 8.7) <0.001
10 2957 95 3.2(2.6,3.8) 4648 522 11.2 (10.3, 12.1) <0.001
11 3185 122 3.8 (3.2,4.5) 4470 833 18.6 (17.5, 19.8) <0.001
12 3197 176 5.5 (4.7, 6.3) 5096 1365 26.8 (25.6, 28.0) <0.001
13 2378 162 6.8 (5.8, 7.8) 5113 1773 34.7 (33.4, 36.0) <0.001
14 1862 176 9.5 (8.1, 10.8) 4680 1883 40.2 (38.8, 41.6) <0.001
15 1481 221 14.9 (13.1, 16.7) 792 306 38.6 (35.2, 42.0) <0.001
Sex
Boys 13878 470 34 3.1,3.7) 24293 3505 14.4 (14.0, 14.9) <0.001
Girls 12339 642 5.2 (4.8, 5.6) 21217 3966 18.7 (18.2, 19.2) <0.001
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Fig. 2 Percentages of students with normal, mildly, moderately,
and severely reduced visual acuity in 2002. Percent bar chart repre-
sented the percentages of the four different vision conditions at each age.
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Fig. 3 Percentages of students with normal, mildly, moderately,
and severely reduced visual acuity in 2018. Percent bar chart
represented the percentages of the four different vision conditions at
each age.
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and Guangzhou in 2002 suggests a continuing growth of
myopia in Changsha in forthcoming years. Therefore, the
government and health organisations should prepare for the
urgent need for interventions.

We observed that girls had a higher prevalence of reduced
VA and severely reduced VA than boys, which was con-
sistent with findings from other studies [16—18]. In traditional
Chinese culture, girls are expected to be quiet. They spend
more time indoors doing near work while boys spend more
time outdoors which may prevent the development of myopia
[19]. The results also showed that the age-specific prevalence
of severely reduced VA had an obvious trend that increased
with age, which was in agreement with previous research
results [20, 21]. Although the cumulative prevalence of
severely reduced VA is expected to increase with age as
myopia progresses, we speculated that the increased study
intensity also contributed to the increased prevalence. As in
China, the intensity of studying increases with age, and older
children have to spend more time doing homework every day
and less time playing outdoors. Studies have shown that the
intensity of studying is the main environmental and beha-
vioural factor of myopia [18].

SPRINGER NATURE

To our knowledge, this is the first study focussing on the
vision of elementary and secondary school students in central
China. However, there were some limitations to this study.
First, because of the large sample size, we did not perform
any form of refraction. We used unaided VA as an alternative
measure of myopia. Although this method is useful for
monitoring changes in the prevalence of myopia, it has some
limitations. For one, it is not appropriate for children from the
ages of 3 up to around 8-9 years due to cognitive difficulties
in distinguishing directions. For another, testing an eye
properly requires a child to have each eye tested separately
and not “cheat” by peeking through the closed eye or try to
remember the order of the letters from the first eye tested.
Alternative tests that minimise cognitive challenges, such as
HOTYV tests [22], need to be promoted. Second, rather than
using a national representative sample, we used a sample from
an urban district in China; therefore, our results may not
reflect the trends of reduced VA in rural China. In addition,
the prevalence rate in Yuhua District could be different from
the national prevalence rate in China, because there are
regional differences. However, the main purpose of our study
was to investigate trends in the prevalence, and our findings
should be able to reflect the trends in urban China.

Conclusion

The prevalence of reduced VA among children aged 6-15
years in Yuhua District has become more common with
age, and there has been a marked increase in the prevalence
of reduced VA from 2002 to 2018. The remarkable epi-
demic of reduced VA started 5 years earlier in 2018 than in
2002. Evidence from the present study suggests that inter-
ventions should be launched before the age of 9 years.

Summary
What was known before

e China, with its rapid economic development and transi-
tions in behaviour and lifestyle, is one of the countries
with the highest rates of childhood myopia in the world.

e The Chinese government now pays more attention than
ever before to the eyesight health of children and
adolescents.

What this study adds

e The purpose of this study was to investigate trends in the
prevalence of reduced visual acuity (VA), a proxy
measure for myopia, in an urban district in China.
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request.
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