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Purpose: The purpose of this study was to compare spherical equivalent (SE)

and estimated prevalence of myopia in school-age children between Shanghai

and Yunnan in China, and to investigate the differences in SE and estimated

prevalence of myopia between Han ethnicity and ethnic minorities in Yunnan.

Methods: This was a retrospective observational study, which enrolled one

primary school and one junior high school in Shanghai, and two primary schools

and two junior high schools in Yunnan in 2021. Refraction was measured using

autorefractors without cycloplegia. Pearson correlation analysis, Chi-square test

and multiple linear regression (MLR) were used for analysis.

Results: A total of 2,744 children in Shanghai and 1,769 children in Yunnan were

examined, respectively. Less hyperopic SE was observed in Grades 1 and 2 in

Shanghai compared to Yunnan (both P < 0.001). No significant difference in

median SE between Han ethnicity and ethnic minorities in Yunnan was found in

each grade (all P > 0.05). The estimated prevalence of myopia in Grades 1 (13.3%

vs. 2.6%, P< 0.001) and 2 (16.1% vs. 7.6%, P = 0.003) were higher in Shanghai than

in Yunnan, whereas the estimated prevalence of myopia of in Grade 7 (52.0% vs.

68.1%, P = 0.042) was lower in Han ethnicity than in ethnic minorities in Yunnan.

MLR showed that the coefficient for age was −0.3351 (p < 0.001).

Conclusion: Spherical equivalent and estimated prevalence of myopia of

school-age children in Yunnan are similar to Shanghai. Furthermore, a similar

situation exists between Han ethnicity and ethnic minorities.
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1 Introduction

Myopia is becoming a worldwide public health concern with rapidly increasing
prevalence (1, 2). Approximately 50% of the global population (4,758 million people) is
projected to suffer from myopia in 2050 (3). The prevalence of myopia in children is
especially high in East and Southeast Asia, approximately 80%–90% at 17 and 18 years-old
(3). Furthermore, the prevalence of myopia is even more than 90% at 18 years-old
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in Shanghai, China (4). It is reported that Chinese population
have a higher myopia prevalence than non-Chinese population
in multiethnic countries (5, 6). The myopia and myopia-related
complications can lead to visual impairment and substantial
economic burden in China (7, 8), which will interfere with
children’s study and family living standards.

China is a large country with Han ethnicity (more than 91%)
and 55 ethnic minorities in different regions (9). Previous studies
reported that the prevalence of myopia in urban areas [e.g.,
Shanghai (10–12), Beijing (13, 14), Guangzhou (15, 16), etc.,] was
higher than rural areas [e.g., Yunnan (17–19), Xinjiang (20, 21),
etc.,] and the prevalence of myopia in Han ethnicity was higher than
ethnic minorities (18–21). These differences may be attributed to
variations in socioeconomic status and education levels. However,
it is unclear whether the prevalence of myopia is increasing over
time in rural China due to dramatic changes in environmental
exposures and lifestyles, and whether the gap is narrowing among
different ethnic populations.

Shanghai is located in southeast China, whereas Jinshan district
is located on the southwest of Shanghai. Jinshan district has a
total population of more than 820,000 people, which is mainly
composed of Han ethnicity, approximately accounting for 99% of
the population. Yunnan Province is located on the southwestern
border of China, whereas Zhenyuan County is located on the
southwest of Yunnan Province. Zhenyuan County, the youngest
autonomous county in China, was born on 3 February 1990. It
has a total population of more than 200,000 people, predominantly
composed of Han, Yi, Hani, Lahu and other ethnic minorities. Han
ethnicity accounts for 43.1% of the population, making it a minority
compared to other ethnic groups. The purposes of this study were:
(1) to investigate the differences in spherical equivalent (SE) and
estimated prevalence of myopia between Jinshan District, Shanghai
and Zhenyuan County, Yunnan Province; and (2) investigate the
differences in SE and estimated prevalence of myopia between Han
ethnicity and ethnic minorities in Zhenyuan County.

2 Materials and methods

2.1 Subjects

This was a retrospective observational study conducted in
Jinshan District, Shanghai and in Zhenyuan County, Yunnan
Province, China. The study included one primary school and one
junior high school in Shanghai, and two primary schools and two
junior high schools in Yunnan in 2021. The exclusion criteria
were: ethnic minorities in Shanghai; systemic diseases affecting
ocular refraction (e.g., Marfan syndrome); severe ocular diseases
and surgeries (e.g., cataract, glaucoma); and orthokeratology lens
correction. The enrolled children were divided into nine groups
according to their grade.

2.2 Examination

The children’s refraction examinations were conducted on
September 8 and 23 in Jinshan District, Shanghai, and from
October 20 to 28 in Zhenyuan County, Yunnan. Similar

to our previous studies (22–24), refraction was measured
using autorefractors (Shanghai: RK-F1, Canon Corporation,
Tokyo, Japan; Yunnan: KR-800, Topcon Corporation, Tokyo,
Japan) without cycloplegia. The average value of three reliable
measurements was used for analysis.

2.3 Statistical analysis

Both eyes of each child were examined, but only data from
the right eye were used for analysis. Spherical equivalent (SE) was
calculated as the sum of sphere power and half of cylinder power.
According to our previous studies (22, 23), myopia was defined as
SE of at least−1.00 D.

SPSS V. 17.0 software was used for data analysis. Since SE was
not normally distributed according to the Kolmogorov-Smirnov
test, the Kruskal-Wallis test and post hoc Mann–Whitney U tests
were used for statistical comparisons. Pearson correlation analysis
was used to evaluate the relationship between SE and grades. Chi-
square test was used to analyze the differences in the gender and
estimated prevalence of myopia between Shanghai and Yunnan,
and between Han ethnicity and ethnic minorities in Yunnan.

In addition, multiple linear regression (MRL) was used to
establish SE prediction model. Based on existing measurements,
this study examines the effects of region (x1), ethnicity (x2), and
age (x3) on SE (y). The regression model used in this study was:

y = β0 + β1x1 + β2x2 + β3x3 + ε

Region had two values: 1 and 2 (1 represents Shanghai Jinshan
District, 2 represents Zhenyuan County, Yunnan). Ethnicity
also had two values: 1 and 2 (1 represents Han Chinese, 2
represents ethnic minorities). After establishing the regression
equation, significance tests were conducted on the variables. All
P-values were two-sided and considered statistically significant
when less than 0.05.

3 Results

The characteristics for each grade in Shanghai and Yunnan
are shown in Table 1. A total of 2,744 children in Shanghai and
1,769 children in Yunnan were examined. There were 1,438 (52.4%)
boys in Shanghai and 933 (52.7%) boys in Yunnan (P = 0.825).
Furthermore, Han ethnicity accounted for 26.2% of the children in
Yunnan.

3.1 Spherical equivalent

The median, interquartile range (IQR), and range of SE for
the children of each grade in Shanghai are shown in Table 2. The
median SE decreased from −0.13 D in Grade 1 to −2.25 D in
Grade 9 (P < 0.001). The median, IQR and range of SE for the
children of each grade in Yunnan were shown in Table 3. The
median SE decreased from +0.25 D in Grade 1 to−2.38 D in Grade
9 (P < 0.001). Less hyperopic SE was observed in Grades 1 and
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TABLE 1 Characteristics for each grade in Shanghai and Yunnan.

Grade Shanghai Yunnan

N Boys (%) N Boys (%) Han ethnicity (%)

1 348 191 (54.9) 192 88 (45.8) 26 (13.5)

2 310 164 (52.9) 197 94 (47.7) 47 (23.9)

3 388 192 (49.5) 210 105 (50.0) 55 (26.2)

4 429 224 (52.2) 191 93 (48.7) 67 (35.1)

5 444 238 (53.6) 207 113 (54.6) 44 (21.3)

6 275 150 (54.5) 202 111 (55.0) 57 (28.2)

7 195 100 (51.3) 191 107 (56.0) 50 (26.2)

8 175 87 (49.7) 189 112 (59.3) 52 (27.5)

9 180 92 (51.1) 190 110 (57.9) 66 (34.7)

TABLE 2 Spherical equivalent in Shanghai.

Grade Median IQR Minimum Maximum

1 −0.13 0.75 −2.75 +3.63

2 −0.19 0.88 −5.63 +7.00

3 −0.25 0.84 −9.88 +5.75

4 −0.50 1.63 −13.25 +2.75

5 −0.63 1.75 −8.00 +4.13

6 −1.50 2.25 −9.00 +5.25

7 −1.50 2.25 −8.50 +0.75

8 −1.75 2.75 −9.00 +1.50

9 −2.25 2.50 −10.25 +3.50

IQR, interquartile range.

TABLE 3 Spherical equivalent in Yunnan.

Grade Median IQR Minimum Maximum

1 +0.25 0.50 −8.75 +3.25

2 +0.13 0.75 −2.75 +2.13

3 −0.25 0.88 −6.00 +4.88

4 −0.75 1.75 −5.75 +3.50

5 −1.25 2.13 −9.63 +2.88

6 −1.44 2.16 −7.25 +2.63

7 −1.50 2.75 −7.63 +2.50

8 −2.13 2.63 −8.25 +2.25

9 −2.38 2.75 −8.75 +6.38

IQR, interquartile range.

2 in Shanghai compared to Yunnan (both P < 0.001; Figure 1).
However, less myopic SE in Grade 5 was observed in Shanghai
(P = 0.001; Figure 1) than in Yunnan. All these differences were
too small to be of clinical significance.

In addition, the median SE decreased from +0.27 D in Grade
1 to −2.64 D in Grade 9 (P < 0.001) in Han ethnicity and from
+0.15 D in Grade 1 to −2.50 D in Grade 9 (P < 0.001) in ethnic
minorities in Yunnan. No significant difference in median SE was

found in any grade between Han ethnicity and ethnic minorities (all
P > 0.05, Figure 2).

As shown in Table 4, SE in Shanghai (R =−0.468, P< 0.001), SE
in Yunnan (R =−0.586, P < 0.001), SE of Han ethnicity in Yunnan
(R = −0.580, P < 0.001) and SE of ethnic minorities in Yunnan
(R =−0.593, P < 0.001) were significantly correlated with grades.

3.2 Estimated prevalence of myopia

As illustrated in Figure 3, the estimated prevalence of myopia
increased from 13.3% in Grade 1 to 81.7% in Grade 9 in Shanghai
(P < 0.001) and from 2.6% to 76.3% in Yunnan (P < 0.001). Only
the estimated prevalence of myopia in Grades 1 (13.3% vs. 2.6%,
P< 0.001) and 2 (16.1% vs. 7.6%, P = 0.003) was higher in Shanghai
than in Yunnan. However, the estimated prevalence of myopia in
Grade 5 (44.1% vs. 56.0%, P = 0.003) was lower in Shanghai than in
Yunnan.

In addition, the estimated prevalence of myopia increased from
3.8% in Grade 1 to 77.3% in Grade 9 in Han ethnicity (P < 0.001)
and from 2.4% to 75.8% in ethnic minorities (P< 0.001) in Yunnan.
Only the estimated prevalence of myopia in Grade 7 (52.0% vs.
68.1%, P = 0.042) was lower in Han ethnicity than in ethnic
minorities. No significant differences in the estimated prevalence
of myopia between Han ethnicity and ethnic minorities were found
in other grades (all P > 0.05, Figure 4).

3.3 Spherical equivalent prediction
model

The final regression equation was:

y = 2.1353 + 0.1325 x1 − 0.0330 x2 − 0.3351 x3

Table 5 showed standard error analysis and regression
coefficient significance tests for the three independent variables.
The coefficient for x1 was 0.1325 (p = 0.092), implying a marginally
significant positive effect of region on SE. The coefficient for x2 was
−0.0330 (p = 0.695), indicating no significant ethnic difference in
SE between Han ethnicity and ethnic minorities. The coefficient for
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FIGURE 1

The median spherical equivalent (SE) in Shanghai and Yunnan. *Significant at the 0.05 level; **Significant at the 0.001 level.

FIGURE 2

The median spherical equivalent (SE) in Han ethnicity and ethnic minorities in Yunnan.

TABLE 4 The correlations of spherical equivalent (SE) with grades.

SE Grades

R P

SE in Shanghai −0.468 < 0.001

SE in Yunnan −0.586 < 0.001

SE of Han ethnicity in Yunan −0.580 < 0.001

SE of ethnic minorities in Yunan −0.593 < 0.001

x3 was −0.3351 (p < 0.001), demonstrating a significant negative
effect of age on SE. With the increasing age, SE tended to be more
myopic.

4 Discussion

The present study demonstrated that less hyperopic SE and a
higher estimated prevalence of myopia in Grades 1 and 2 were

observed in Jinshan District, Shanghai than in Zhenyuan County,
Yunnan. The children in other grades had similar SE and estimated
prevalence of myopia in Shanghai and Yunnan. This may be due
to the difference in preschooling systems between Shanghai and
Yunnan. Almost all children in Shanghai attend preschools such
as kindergartens or childcare centers, whereas most children in
Yunnan may not. Thus, children in Grades 1 and 2 in Yunnan
may be under less educational “pressure” than their counterparts
in Shanghai. In addition, refraction in the early school years also
seems to be affected by parental myopia status (25), with more
myopic parents leading to more myopic refraction of children,
whereas the prevalence of parental myopia may be higher in
Shanghai than in Yunnan. Furthermore, the children had similar
SE and estimated prevalence of myopia from Grade 1 to Grade 9
between Han ethnicity and ethnic minorities in Zhenyuan County.

The present study observed a major similar decreasing trend of
SE with increasing grades in both Shanghai and Yunnan. In this
study, SE had a decrease of approximately 0.24 D/year in Shanghai
and 0.29 D/year in Yunnan, respectively. This age-related pattern
of SE was consistent with previous studies (4, 26). Our previous
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FIGURE 3

The estimated prevalence of myopia in Shanghai and Yunnan. *Significant at the 0.05 level; **Significant at the 0.001 level.

FIGURE 4

The estimated prevalence of myopia in Han ethnicity and ethnic minorities in Yunnan. *Significant at the 0.05 level.

study found that mean SE decreased from +0.07 ± 0.87 D to
−3.10 ± 2.25 D from Grade 1 to Grade 9 in Jinshan District in
2018, with a decrease of approximately 0.35 D/year (4). Xiong et al.
(26) found that SE decreased from +1.05 ± 1.17 D at 7 years-old
to −2.29 ± 2.55 D at 15 years-old in Shanghai, with a decrease
of approximately 0.37 D/year. However, Pan et al. (27) found that
in Mojiang County, nearby Zhenyuan County, the median SEs of
Grades 1 and 7 were +0.88 D and +0.15 D, respectively, with a
decrease of approximately 0.12 D/year. The discrepancy may be due
to the different methods of refraction measured (cycloplegia by Pan
et al. (27) VS. without cycloplegia in this study), or the increasing
trend of myopia in the past 5 years in Yunnan. In addition, Ding
et al. divided a grade into three 4 months age blocks according
to their birth month, and found that SE differences between the
youngest block and oldest block in the adjacent grade can range
from−0.30 D to as high as−0.80 D (28). This indicates that earlier
learning may accelerate myopia progression.

In this study, the estimated prevalence of myopia in Grade 1
in Shanghai and Yunnan was 13.3% and 2.6%, respectively, and
increased to 81.7% and 76.3% in Grade 9, respectively. Our previous
study found that the prevalence of myopia increased from 15.7%
to 87.2% from Grade 1 to Grade 9 in Jinshan District in 2018 (4),

TABLE 5 Standard error analysis and regression coefficient significance
tests for the three independent variables.

Variable DF Estimate SE t P

Intercept 1 2.1353 0.114 18.652 < 0.001

x1 1 0.1325 0.079 1.684 0.092

x2 1 −0.0330 0.084 −0.393 0.695

x3 1 −0.3351 0.009 −35.750 < 0.001

which was consistent with this study. However, the prevalence of
myopia in Grades 1 and 7 in Mojiang County was 2.4% and 29.4%,
respectively (27), which were similar to Grade 1 (2.6%) and lower
than Grade 7 (63.9%) in Zhenyuan County in this study. Ma et al.
(7) found the prevalence of myopia in children aged 5–14 years-
old was higher in Shanghai than Yunnan (5–9 years-old: 18.4% vs.
4.9%; 10–14 years-old: 45.7% vs. 30.5%). However, their sample
size was smaller than in this study, and no further comparisons
were made for each grade. The increasing estimated prevalence
of myopia in Yunnan in this study, which is gradually close to
Shanghai, may be related to the continuous improvement in their
education level, economic development and urbanization in the
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past decades. Therefore, attention should be given to the narrowing
differences in environmental exposures and lifestyles. Shanghai,
with a good ophthalmic public health system, can monitor the
refractive development of children, and take the corresponding
intervention measures. Therefore, more eye health education is also
needed for children in rural areas, similar to Shanghai.

Previous studies have reported obvious genetic differences
between Han ethnicity and ethnic minorities (29), which has led
to the assumption that Han populations are more susceptible to
myopia. Hu et al. (30) found that the prevalence of myopia in
children in Grades 4 and 5 was higher in Yunnan Han ethnicity
(6.48%) than Yunnan minorities (4.04%), which were lower than
in Guangdong Han ethnicity (9.87%). Chin et al. (21) found that
the prevalence of myopia in children aged 4–19 years-old varied
significantly with ethnicity in Xinjiang: Han 27%; Hui 18%; Uyghur
13%, respectively, which demonstrated that Han children were
2.6 times and 1.8 time more likely to be myopic than Uyghur
and Hui children, respectively. Compared to the Uyghur children,
the Han children aged 9–13 years-old had a higher prevalence of
myopia (46.9% vs. 22.0%) in Xinjiang (20). However, the children
had the similar SE and prevalence of myopia from Grade 1 to
Grade 9 between Han ethnicity and ethnic minorities in Zhenyuan
County in this study. Furthermore, the decreasing trend of SE of
Han ethnicity in Yunnan was similar to SE of ethnic minorities
in Yunnan. Zhang et al. (29) found that the prevalence of myopia
was 20.4% in children aged 7–12 years-old of Han ethnicity
in Yunnan, which was similar to Dai ethnicity (21.0%). Qian
et al. (19) found that ethnicity was not a significant associated
factor for myopia in Yunnan. The genetic differences may be
relatively smaller among different ethnic populations living in
the same regions. IMI has reported that the differences between
ethnic groups in the prevalence of myopia may be mediated by
environmental exposures (31). For example, the prevalence of
myopia in the population of Indian and Malay origin in Singapore
is now almost as high as the Chinese, whereas the prevalence of
myopia in Indians and Malays in their countries of ancestry is much
lower. In addition, genetic studies have not found major differences
between East Asian and European ethnic groups in the levels of
myopia-associated single-nucleotide polymorphisms (SNPs) (32).
Thus the similar SE and estimated prevalence of myopia in school-
age children in Yunnan may be mainly due to the similar lifestyles
and environmental exposures (e.g., schooling system, etc.).

In the present study, MRL showed a significant negative effect
of age on SE, indicating that SE tended to become more myopic
with the increase of age. MRL also showed that the coefficient
of determination R2 was 0.222, indicating that the model could
explain approximately 22.2% of the variation in SE. This suggests
limitations in the current model, as factors such as region, ethnicity,
and age alone cannot fully account for all factors influencing
SE. Other factors such as gender, genetics, or environmental
variables may play roles.

There are several limitations in this study. Firstly, a small
sample size was studied. SE and estimated prevalence of myopia
were analyzed in only two schools in Jinshan District, Shanghai
and 4 schools in Zhenyuan County, Yunnan, which could not
be representative of Shanghai and Yunnan. Secondly, SE was
calculated with non-cycloplegic autorefraction, which may lead
to an overestimation of myopia and estimated prevalence of
myopia. Only a difference of less than−0.50 D between cycloplegic

and non-cycloplegic refraction among 7–16 years-old children
was observed in our previous study (33), which can reduce the
errors in the estimation of myopia and estimated prevalence
of myopia in this study. Furthermore, the procedure of non-
cycloplegic autorefraction was time saving without the side effects
of cycloplegia (e.g., photophobia, blurred near vision), especially
in refraction screening of schools. Thirdly, two kinds of auto-
refraction were used to measure the refraction of children, which
may lead to measurement errors between different machines.
Previous studies had found that the measurements of different
kinds of auto-refraction had good agreement in young children
(34–36). In addition, data on the environmental and genetic factors
(e.g., outdoor activity time, near work time, parental income and
myopia) were not collected in this study. Future study should be
conducted to investigate the relationship between these factors and
myopia in Shanghai and Yunnan.

5 Conclusion

Spherical equivalent and estimated prevalence of myopia
of school-age children in Yunnan are similar to Shanghai.
Furthermore, a similar situation exists between Han ethnicity and
ethnic minorities in Yunnan. This similarity may be mainly due to
the minimal differences in lifestyles and environmental exposures
between Shanghai and Yunnan, and between Han ethnicity and
ethnic minorities in Yunnan. Attention should also be paid to
the eye health and prevention of myopia for children in rural
areas and ethnic minorities. Longitudinal prospective studies with
large sample size are required to provide further insight into the
differences in myopia between urban and rural areas and among
different ethnic population.
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