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Abstract
Background: In 2010, there were ~ 36 million migrant children under 18 y old in China. This study compared
patterns of myopia prevalence and progression between migrant and resident children.
Methods: Eight hundred forty-two migrant children from 2 migrant schools and 1081 from 2 local schools in
Baoshan District, Shanghai, were randomly chosen. Baseline measurements were taken on children in grades one
through four, and children in grades one and two were followed for 2 y. The children underwent comprehensive
ophthalmic examinations, including cycloplegic refraction and axial length. The average time per week spent on
homework and outdoor activities were investigated.
Results: Migrant children in grades one and two showed a lower myopia prevalence than resident children;
however, from grades three to four, the prevalence accelerated and exceeded that of residents. In the follow-up,
the myopia incidence did not significantly change from grades one to two in resident children but was significantly
higher in grade two in migrant children. Correspondingly, for migrant children, increased progression of refraction
and axial length was observed; however, it decreased in resident children. The average time spent on homework
increased from grades two to three in parallel with the acceleration of myopia prevalence for migrant children;
however, the time spent outdoors did not correspondingly change.
Conclusion: The patterns of myopia prevalence and progression are different between migrant and non-migrant
children. The acceleration of myopia in migrant children might be a result of a change in their environment, such
as intensive education pressure.
Keywords: Migrant children, Myopia, Progression, Spherical equivalent refraction, Axial length
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Background
With rapid economic development and urbanization
during the past few decades in China, a large number of
adults and their children have moved from rural to
urban areas, constituting 273.95 million internal migrants by 2014 [1, 2]. The 2010 National Population
Census revealed ~ 36 million migrant children in China,
comprising 12.5% of the population under 18 y old [3].
In addition to the discrepancy in educational opportunities, migrant children are ineligible for other urban social welfare programs, such as public health care and
financial assistance [4]. The restrictions on access to
urban social welfare, in addition to relatively lower economic and sanitary conditions, make migrant children
more vulnerable than urban residents to diseases [1, 5, 6].
Although many studies have focused on the mental health,
nutritional problems, vaccination coverage, and communicable diseases of these children [1, 5, 6], very few have
been conducted in China on their ocular health [7, 8].
The prevalence of myopia is especially high in children
of East-Asian ethnicity [9]. Among 15-y-old children,
the prevalence is highest in Singapore (86.2%), followed
by Taiwan (80%), Hong Kong (78.2%), and mainland
China (59%) [9]. In general, children from urban areas
demonstrated an obviously higher prevalence for myopia
than those from rural settings [9–11]. In mainland
China’s Shunyi District, a rural area, myopia prevalence
in 15-y-olds was 36.7% for boys and 55% for girls, and
was 73.4% for boys and 83.2% for girls in Guanzhou, an
urban city [12, 13]. Migrants comprise a special group of
children that are usually born in rural areas, but move with
their parents to live and study in urban cities, providing a
natural condition by which to explore the influence of environmental changes on myopia within the same group of
children. Whether their myopia prevalence and progression
are as high as that of urban children or are comparatively
similar to those of rural children is not clear.
There have been only two cross-sectional studies on
myopia prevalence among migrant children in China.
One study by He et al. [7] reported that uncorrected refractive error, especially myopia, was the major cause of
visual impairment in migrant children. Another study
reported that the prevalence of myopia in primary
school was 30.3% in migrant children, lower than that in
resident children (33.9%), suggesting a protective effect
of migration [8]. Nevertheless, the prevalence of myopia
changed rapidly as grade level increased, especially during the primary school years; therefore, the crosssectional research cannot capture the progression of myopia, and cannot identify whether myopia incidence and
progression are different between migrants and residents. Longitudinal studies are necessary to understand
the patterns of myopia incidence and progression between migrant and resident children.
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To determine myopia problems in migrant children in
urban China, the present study, through a follow-up of
primary school students in both migrant and local
schools for 2 y, compared changes in the patterns of refraction and refractive components between the internal
migrant children and their local resident counterparts.
This study will also provide valuable suggestions for alleviating the disease burden of myopia in this normally
fragile population.

Methods
Study settings and participants

Shanghai, one of the most developed regions in China,
was the site for our study. According to Shanghai Statistical Yearbook, the number of internal migrants had increased dramatically from 3.87 million in 2000 to 11.22
million in 2010, accounting for nearly one-half of the
total population of this city [14]. Children of these migrants also accounted for ~ 46.2% of all children in
Shanghai in 2010 [15]. Baoshan District, located north of
Shanghai, was one of the largest migrant population import areas [16]. In 2010, the average gross domestic
product per capita was 54,657 RMB in Baoshan District,
lower than that in Shanghai (76,074 RMB) [14, 16].
The increasing migrant population has imposed great
pressure on the local urban education system, and as a
result, any migrant children without a permanent registered urban residence (Hukou) do not have access to
normal public schools. Consequently, most migrant children are enrolled in private schools, which were specifically established for migrants (hereinafter refer to
“migrant schools”), to meet the increasing educational
demands; however, with much less support from government, those migrant schools were usually without proper
equipment and could employ only low-quality teachers
[17, 18]. In the present study, two private primary
schools, established specifically for internal migrant children and two public primary schools mainly for local
resident children (hereinafter refer to “local schools”),
were randomly selected in Baoshan District, and children in grades one to four from these schools were included in the study. Grade five students were not
included in the study because of the extremely low participation rate most likely from intensive study pressure
on the students to enter junior high school. Our study
chose the longitudinal research design and followed the
students for 2 y, with the first visits from May 2010 to
April 2011 and the second visits from May 2012 to April
2013. The order by which each of the four schools was
examined was the same during the first and second visits
to ensure a 2-y gap between visits to each school.
Figure 1 displays the study design. Considering the
length of time spent in primary school in Shanghai (five
grades), only children from grades one to two were
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Fig. 1 Flow chart of the study design

chosen and followed for 2 y because those in grades
three and four graduated after 2 y. The cluster random
sampling technique was used for selecting the students.
In the 2010 baseline measurements, 1923 students from
grades one through four from four schools were included. Children with severe ocular diseases other than
refractive error, such as congenital cataract, and children
who would not cooperate with the examinations were
excluded from the study.

To explore the reason for the changes in the patterns
of myopia prevalence with school grade between migrant
and resident children, we did a quick assessment in 2010
using questionnaires on the time the children spent on
homework and outdoor activities. The questionnaires
were distributed to students to record the times for
these activities over the previous week with the help of
their parents.
Statistical analyses

Examinations

A research group consisting of one ophthalmologist, five
optometrists, and two public health doctors was involved in the examinations performed in the schools. Before the formal examinations, members of the research
group were trained according to exact protocols and
were tested for eligibility of their specific examination
item. Children underwent tests for visual acuity (uncorrected) (Standard Logarithmic Visual Acuity E Chart,
5 m), slit lamp examinations, measurements of intraocular pressure by noncontact tonometer, tests for cycloplegia, tests for cycloplegic autorefraction, measurements of
corneal curvature radius (CR) using the KR-8800 tablemounted autorefractor (Topcon, Tokyo, Japan), measurements of axial length (AL) using an IOLMaster (v.
5.02, Carl Zeiss Meditec, Oberkochen, Germany), and
tests for best corrected visual acuity. Cycloplegia was induced by administering 1 drop 0.5% tropicamide every
5 min and repeating five times. Pupil size and light reflex
were examined 20 min after the last drop of tropicamide, and if the pupil dilated ≥6 mm and light reflex
was absent, cycloplegia was deemed complete. The average reading of three consecutive measurements of refraction and AL were calculated for data analyses. The
ophthalmologist examined children under a slit lamp
and determined whether a child was suitable for cycloplegia. The optometrists manipulated the measurement
for intraocular pressure, autorefraction, AL, and CR.
Any children with uncorrected visual acuity lower than
20/25 in either eye were given subjective optometry to
obtain the best corrected visual acuity.

We used Epidata 3.1 to create a database for recording
all measurements. All data were independently entered
twice by two research assistants, and all discrepancies
were adjudicated. Statistical analyses were conducted
using SAS v. 9.3 (SAS Institute, Cary, NC, USA).
Spherical equivalent refraction (SE) was calculated as
spherical diopters + 0.5* cylinder diopters. Myopia is defined as SE ≤ − 0.5 diopters (D) in the right eye. Because
the right eye is usually largely correlated with the left
eye, measurements of the right eye were included in the
analyses. The incidence of myopia was defined as not
myopic at baseline (2010) and myopic 2 y later in 2012.
The progress of SE was calculated as the student’s SE in
2010 minus his/her SE in 2012. A positive value
reflected progression into a more myopic refraction.
Similarly, the progress of AL was calculated as the student’s AL in 2012 minus his/her AL in 2010, and the larger the AL value, the higher the myopic refraction.
Chi-squared and t-tests were applied for comparing
basic characteristics, myopia prevalence, and refractive
status between migrant and resident children at baseline
(2010). Multivariate logistic regressions with and without
interaction terms were performed to explore the potential risk factors for a 2-y myopia incidence. The first
model comprised the main effects of the independent variables, while the second comprised the additional interaction effects between migration and grade. Furthermore,
to analyze changes in refractive status, we applied a linear
regression to two continuous indicators—2-y SE progression and 2-y AL increase—as dependent variables. Just as
in the logistic regression, two models with and without
interaction terms were applied for each indicator,
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respectively. Statistical significance was defined as p < .05
(two tailed).

Results
Inclusion of students in the baseline and follow-up

There were 842 students from grades one through four
in the two migrant schools, and 1081 students from
grades one through four in the two local schools for
which baseline data were to be compiled. In the baseline
analyses, after excluding those without a written informed consent, those who were uncooperative with the
examinations, and those who suffered from severe ocular
diseases other than refractive error, 752 (89.3%) children
from migrant schools and 926 (85.7%) from local schools
were included. Among the 849 (348 for migrants and
501 for residents) students in grades one and two included in the baseline data, 313 (89.9%) migrant students with a mean age of 7.89 y (SD = 0.88) and 457
(91.2%) students of local schools with a mean age of
7.54 y (SD = 0.75) were followed for 2 y, corresponding
to the students in grades three and four in 2012. The
average followup time for the current population was ~
24 months.

Prevalence of myopia between 752 children from the
migrant schools and 926 children from local schools in
the baseline

In the baseline, the myopia prevalence changed from
grades one through four between the migrant and resident children. For children in grade one, the prevalence
of myopia was similar between the two populations
(7.42% for residents and 8.15% for migrants, P = .78).
For the children from local schools, the myopia prevalence increased steadily from grades one through four;
however, the migrant children showed an accelerated
prevalence after grade two, resulting in a prevalence of
myopia higher than that in resident children by grade
four (Fig. 2a).
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Comparison of the 2-y myopia incidence, progression,
and axial length progression among 313 migrant children
and 457 children from local schools who were followed

For those included in the 2-y cohort, in the baseline, the
percentage of males was higher in migrant children, and
the refractive status was more myopic for parents of
children from local schools, while the refractive status
and components were not statistically different between
the two populations (Table 1). During the 2-y follow-up,
the incidence of myopia did not change significantly
from grades one (28.2%) to two (26.4%) for the resident
children (P = .6786); however, the incidence of myopia in
grade one migrant children (32.7%) was less than that in
grade two migrant children (42.6%) (P = .0828, Fig. 3a).
Accordingly, increased progression of refraction and
axial length toward myopia were observed in migrant
children from grades one to two (p = .0012 and p =
0.2211, respectively), and the progressions decreased in
resident children as grades increased (p = .4471 and
p = .0026, respectively) (Figs. 3b, c).
Factors associated with myopia incidence and
progression of SE and AL

Logistic regression of myopia incidence is listed in
Table 2. For local school children, the incidence of myopia was not significantly associated with grade level
(aOR = 0.780, p = .4048, model 2); however, for migrant
children, students in grade two showed a significantly
higher incidence of myopia than those in grade one
(aORinteraction = 2.525, p = .033) (Table 2, model 2). This
pattern change was further confirmed by the changes in
SE and AL in the migrants and the children in local
schools (Table 3). For the migrant children, the students
in grade two showed an increased change of SE compared with those in grade one over 2 y (p = .0016). For
the children of local schools, the students in grade two
showed a decrease in the change in axial length elongation compared with the students in grade one
(p < .001); however, for the migrant children, the students in grade two showed no significant changes in

Fig. 2 Prevalence of myopia and hours spent per week between migrant and local children at baseline. Prevalence of myopia (a) and hours
spent on homework (b) and outdoor activities (c) per week in 752 migrant children and 926 resident children of grade 1 to 4 at Year 2010 were
shown in Fig. 2. Solid line with square stands for migrant children; dashed line with circle stands for resident children
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Table 1 Comparison of baseline characteristics between 457 resident and 313 migrant children who completed 2-year follow-up
Grade, No (%)

Gender, No (%)

Resident n = 457

Migrant n = 313

Chi-square/t value

P Value

1

227 (49.7)

159 (50.8)

0.0944

0.7587

2

230 (50.3)

154 (49.2)

male

233 (51.0)

184 (58.8)

4.5538

0.0328

female

224 (49.0)

129 (41.2)

Age, years (SD)

7.54 (0.75)

7.89 (0.88)

5.926

< 0.0001

0

123 (26.9)

201 (64.2)

107.9569

< 0.0001

>=1

87 (19.0)

21 (6.7)

unknown

247 (54.1)

91 (29.1)

Prevalence of Myopia, No (%)

51 (11.2)

25 (8.0)

2.1018

0.1471

SE, Mean (95% CI), D

0.59 (0.50–0.68)

0.46 (0.35–0.57)

1.89

0.0588

AL, Mean (95% CI), mm

22.97 (22.90–23.04)

22.94 (22.85–23.02)

0.62

0.5352

Parental Myopia, No (%)

SE spherical equivalent refraction, AL axial length

axial length progression compared with those in grade
one (p = .2406).
Changes in the pattern of myopia prevalence from 2010
to 2012 between migrant children and children in local
schools in grades three and four

Additional analyses were conducted of myopia prevalence in
students in grades three and four in 2010 (baseline) and those
in 2012 (the same cohort of grades one and two in 2010) to
explore whether time changes influenced the prevalence of
myopia. Figure 4 shows the changes in myopia prevalence in
students in grades three and four between 2010 and 2012.
For the children in local schools, there were nearly no
changes in myopia prevalence (chi-squared test, p = .4868 for
grade three and p = .3350 for grade four); however, for the
migrant children in grade four, the prevalence of myopia increased, although not significantly (p = .0003 for the grade
three and p = .0972 for grade four children) (Fig. 4).
Time spent on homework and outdoor activities among
752 children from migrant schools and 926 children from
local schools recorded during the baseline visit

As recorded during the baseline visit, the average number of hours spent on homework steadily increased from

grades one to four for the children in local schools; however, that sharply increased from grades two to three for
the migrants, which most likely explains the parallel increases in myopia prevalence after grade two (Fig. 2a-c).
In contrast, the time spent on outdoor activities showed
no corresponding correlation with changes in myopia
prevalence in the two populations.

Discussion
The results of the present study showed changes in the
pattern of myopia prevalence, incidence, and progression
between the internal migrant children and the children
in local schools. Unlike the resident children who
showed a steady increase in myopia prevalence and a
stable myopia incidence and progression, the migrant
children presented an accelerated increase in myopia
prevalence and refraction progression, resulting in an increased prevalence of myopia with time and revealing an
unsatisfied status of myopia, which is worth attention.
In general, in cross-sectional studies, migrant children
showed less myopia than resident children, and were
even regarded as a protective factor [8]. In the present
study, myopia prevalence was low in migrant children in
the junior grade, but comparable or a litter higher in the

Fig. 3 Myopia incidence (a), change of SE (b) and AL (c) between resident and migrant children. Blank rectangles stand for grade 1 and
rectangles with oblique line stand for grade 2. SE, spherical equivalent refraction; AL, axial length
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Table 2 Multivariate logistic analysis for myopia incidence (Only
including children who were not myopia at baseline)
Variable

MODEL 1

Migrant

1.162

0.72

(0.728–1.855)

(0.379–1.368)

Grade 2

Grade2*Migrant

MODEL 2

1.205

0.780

(0.788–1.843)

(0.436–1.398)

–

2.525
(1.078–5.916)*

Female

Parental Myopia

1.146

1.198

(0.724–1.813)

(0.755–1.902)

0

REF

REF

>=1

1.139

1.131

(0.575–2.254)

(0.570–2.242)

1.179

1.175

(0.721–1.928)

(0.718–1.921)

0.017

0.017

(0.009–0.033)‡

(0.009–0.032)‡

0.718

0.721

(0.503–1.025)

(0.505–1.030)

Unknown

Baseline SE

Baseline AL

Odds ratios and 95% confidence intervals were shown
Significance level: *p < 0.05, ‡p < 0.001
SE spherical equivalent refraction, AL axial length

Fig. 4 Change of myopia prevalence between 2010 and 2012
among migrant and resident children (Grade 3–4). Solid line with
circle stands for myopia prevalence of migrant children in 2010;
solid line with square stands for myopia prevalence of migrant
children in 2012; dashed line with circle stands for myopia
prevalence of resident children in 2010; dashed line with square
stands for myopia prevalence of resident children in 2012

senior grade (grade four) than that of the resident
children. Lacking a follow-up study, the incidence and
progression of myopia in migrant children remains unknown. Our study found that the crude 2-y incidence of
myopia is even higher in migrant children than in resident children, as well as the 2-y progression of refraction

Table 3 Multivariate linear regression analyses for progression of SE and AL in 2 years
Progression of SE
MODEL 1

Progression of AL
MODEL 2

MODEL 1

MODEL 2

Variable
Migrant

Grade 2

Grade2*Migrant

0.0665

−0.1394

0.0637

−0.0276

(−0.0626 to 0.1957)

(−0.3122 to 0.0333)

(0.0094 to 0.118)*

(−0.1003 to 0.0451)

0.0463

−0.1222

−0.0645

− 0.1391

(− 0.0716 to 0.1643)

(− 0.2727 to 0.0284)

(− 0.1141 to − 0.0149)*

(− 0.2023 to − 0.0758)‡

–

0.4194

–

0.1855

(0.1835–0.6553)‡
Female

Parental Myopia

Baseline SE

Baseline AL

(0.0864 to 0.2846)†

0.2257

0.2342

0.057

0.0609

(0.0995 to 0.3520)‡

(0.1089 to 0.3596)‡

(0.0039 to 0.1101)*

(0.0082 to 0.1135)*

0

REF

REF

REF

REF

>=1

0.3175

0.3261

0.1491

0.1529

(0.1294 to 0.5055)‡

(0.1395 to 0.5127)‡

(0.0701 to 0.2281)†

(0.0746 to 0.2313)†

Unknown

0.1644

0.1741

0.0934

0.0975

(0.0311 to 0.2978)*

(0.0417 to 0.3065)*

(0.0373 to 0.1495)*

(0.0419 to 0.1532)†

−0.2549

−0.2566

−0.1480

−0.1487

(−0.3279 to −0.1819)‡

(−0.3290 to − 0.1842)‡

(−0.1786 to − 0.1173)‡

(−0.1791 to − 0.1184)‡

0.0029

0.003

−0.0233

−0.0233

(−0.0952 to 0.101)

(−0.0944 to 0.1003)

(− 0.0645 to 0.0179)

(− 0.0642 to 0.0175)

Coefficients and 95% confidence intervals were shown
Significance level: *p < 0.05, †p < 0.01, ‡p < 0.001
SE spherical equivalent refraction, AL axial length
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and axial length. These migrant children, usually from
less seriously–affected rural areas, presented a low
prevalence of myopia in the junior grade; however, after
being affected by the changing environment, showed a
myopia prevalence similar to that of the local urban children in the senior grade. Our study captured this catchup phenomenon, which could be associated with urban
environmental factors.
A similar phenomenon was also observed in children
of Chinese ethnicity who showed a relatively high prevalence of myopia if living in Singapore, Hong Kong, or
Taiwan but a far lower prevalence if living in Australia
[9]. In addition, the prevalence of myopia among
second-generation (or higher) Indian immigrants in
Singapore is higher than that in first-generation immigrants and in Indians living in India and Malaysia [19].
On the contrary, the Yunnan Minority Study [20] reported that people of different ethnicities living under
the same environmental conditions shared a similar
prevalence of myopia. The results of our study are consistent with those of previous studies and provide sufficient evidence for the importance of environmental
factors on myopia incidence and progression.
Long periods of time at near work and short periods
of time spent on outdoor activities are the two widely
acknowledged environmental risk factors for myopia
[21–23]. In the present study, the sudden increase in the
time spent on homework might account for accelerated
myopia prevalence, especially in migrant children in
grades three and four (Fig. 4). Because migrant children
come mostly from less-developed areas with a lessrigorous education system, they are usually less educated
and have a poor foundation for learning in school. In
addition, the migrant schools are usually incapable of
recruiting high-level or experienced teachers and have
less resources than local public schools; however, as
grades increase, the education curriculum becomes more
and more difficult; therefore, the migrant children must
spend more time studying to catch up with their resident counterparts, resulting in an accelerated increase in
the time spent on homework, as observed in our study.
The present study did not observe a relationship between outdoor activities and myopia as did other studies
conducted on Chinese school children [24, 25], most
likely because the number of hours spent outdoors per
week was generally low in the present population, which
was not enough to have any effect on protection [21].
In addition, migrant children in grades three and four
in 2012 presented a higher prevalence of myopia than
those in 2010; however, an increase in myopia prevalence in resident children was not observed. The Beijing
Myopia Progression Study and the Handan Offspring
Myopia Study also reported an increasing prevalence of
myopia in the younger generation and suggested a
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change in environmental factors as the reason [26, 27].
We presumed that in the present population, the study
pressure increased with time in migrant children but
remained unchanged in resident children. In addition to
study pressure, other environmental risk factors existed,
which harmed migrant children more than resident children. For example, with electronic devices usually under
loose parental control, migrant children might be more
involved in watching TV, playing on the computer, and
using mobile phones or other electronic devices for entertainment than resident children. Those near work activities could aggravate the incidence or progression of
myopia [28]. Hence, it is indicated that there are risk
factors for myopia that change with time, making migrant children more vulnerable to myopia than resident
children. To determine the reasons behind this, future
studies must be conducted that collect detailed data on
the risk factors of myopia in those migrant children.
Previous studies have reported that after the onset of
myopia, the number of migrant children who wear corrective lenses was ~ 10% lower than that in resident children [29]. In addition, in those children with corrective
lenses, 26.1% were inadequately corrected [7]. Not wearing or wearing inappropriate lenses could cause additional visual impairment in myopic children, influencing
their study and living habits, reducing their quality of
life, and affecting their healthy development [30–32]. Because myopia prevalence especially accelerates from
grades three to four in migrant children, a relatively high
demand for corrective lenses is anticipated during this
period; therefore, reinforcing health education on the
importance of wearing corrective lenses, distributing
them free, or providing an allowance for prescribing or
buying them could be valuable strategies to relieve the
burden of reduced visual acuity caused by myopia in
those migrant children. Information on myopia prevention methods, such as increasing the amount of time on
outdoor activities and making myopia treatment available to slow its progression, such as the use of atropine
and orthokeratology lenses, could be presented in the
migrant schools to increase everyone’s knowledge about
the disease.
Study limitations

There were a few limitations to the present study that
must be clarified. First, two migrant schools and two
local schools were randomly selected. The school-based
study design might have resulted in the participants not
being representative of the objective population. Although all the children in migrant schools were migrant
children who immigrated with their parents, not all children in local schools were resident children. Children
with urban Hukou in the local schools could also have
moved there from other parts of China; however, they
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could have lived in Shanghai for a relatively long period
to establish local Hukou, thus their environmental risk
factors would be similar to those of local resident children. Future studies with a larger sample size and with a
design that includes a mixture of both local and migrant
children within the same schools are needed to further
clarify the phenomenon. Second, we did the followup
examinations 2 y from baseline but did not conduct any
annually. The followup period might have been too long
to determine an accurate myopia incidence or progression in this young population because of their rapidly
changing refractive status. Third, detailed information
about myopia-related risk factors or information on migration, such as how long they had lived in the city and
their original place of residence were not collected in
the present study. Only reading and outdoor hours were
assessed using a brief investigation; therefore, the reasons for the rapid increase in myopia incidence and progression in migrant children and the discrepancy
between the two populations could not be determined.
Finally, we used 0.5% tropicamide, which is a relatively
weak cycloplegic reagent, in the study. Although evidence has proved that 0.5% tropicamide could be effective in measuring refraction in myopic children with dark
pupils [33, 34], it could overestimate a child’s refraction
toward myopia because of its relatively weak cycloplegic
effect [35]; however, becuase the reagent was applied in
both migrants and residents using the same standards
during the baseline and followup, the differences from the
true refraction could be consistent and would not influence the comparisons between migrants and residents.

Conclusions
To the best of our knowledge, this study is the first to
document different patterns of myopia incidence and
progression among migrant children and resident children in China. Unlike their resident partners, who
showed a slow and steady increase in myopia, the migrant children displayed accelerated myopia progression,
resulting in rapid elongation of axial length. Although
the crude prevalence of myopia could be lower in migrant children than in resident children during the primary school period, the incidence of myopia was higher
in the migrants, making this population more at risk for
developing myopia. Considering the relatively lower uses
of health services in migrants, special attention should
be paid to relieve the disease burden of myopia in this
population.
Abbreviations
AL: Axial length; CR: Corneal curvature radius; D: Diopters; SE: Spherical
equivalent refraction
Acknowledgements
Not applicable.

Page 8 of 9

Funding
The study was funded by Three-year Action Program of Shanghai Municipality
for Strengthening the Construction of the Public Health System (2011–2013)
(Grant NO.2011–15) and (2015–2017) (Grant NO. GWIV-13.2); National Natural
Science Foundation of China for Young Staff (Grant NO. 81402695); Shanghai
Natural Science Foundation (Grant no. 15ZR1438400); Shanghai Scientific Research
Plan Project (Grant NO. 14411969500); Shanghai Municipal Health Bureau (Grant
NO. 12GWZX0301); Key Discipline of Public Health –Eye health in Shanghai (Grant
NO. 15GWZK0601) and Shanghai Sailing Program (No. 17YF1416100). The
founders didn’t participated in the design of the study and collection, analysis,
and interpretation of data and in writing the manuscript.
Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.
Authors’ contributions
MYY, LSL and ZHD designed the experiments; ZR, ZHJ, LQQ, and HXG
performed the experiments; ZJF, LLN, HZY, and XX analyzed the data; MYY
and LSL wrote the paper. All authors read and approved the final
manuscript.
Ethics approval and consent to participate
The study was approved by the Shanghai General Hospital Ethics Committee
and consistent with the tenets of the Declaration of Helsinki. The purpose
and the methods of the study were fully explained to parents or legal
guardians, and written informed consents were obtained under agreement
from both parents and children.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Preventative Ophthalmology, Shanghai Eye Disease
Prevention and Treatment Center, Shanghai Eye Hospital, No. 380 Kangding
Road, Shanghai, China. 2Department of Ophthalmology, Shanghai General
Hospital, Shanghai Jiao Tong University, No.100, Haining Road, Shanghai,
China. 3School of Public Health, National Key Laboratory of Health
Technology Assessment (National Health and Family Planning Commission),
Fudan University, Shanghai, China. 4Shanghai Shen Kang Hospital
Development Center, No.2 Kangding Road, Shanghai, China. 5Baoshan
Center for Disease Prevention and Control, No. 158 Yueming Road, Shanghai,
China.
Received: 29 November 2017 Accepted: 12 February 2018

References
1. Hu X, Cook S, Salazar MA. Internal migration and health in China. Lancet.
2008;372:1717–9.
2. Statistics Year Book. National Bureau of Statistics of China, 2015. http://www.
stats.gov.cn/tjsj/ndsj/. Accessed 28 Nov 2016.
3. All China Women’s Federation. Report on rural left-behind children and
urban migrant children. http://www.chinadaily.com.cn/hqpl/zggc/2015-0117/content_13060717.html. Accessed 21 Feb 2018.
4. Nielson I, Nyland C, Smyth R, Zhang M, Zhu CJ. Which rural migrants
receive social insurance in Chinese cities? Evidence from Jiangsu Survey
Data Global Soc Pol. 2005;5:353–81.
5. Sun X, Chen M, Chan KL. A meta-analysis of the impacts of internal
migration on child health outcomes in China. BMC Public Health.
2016;16:66.
6. Mou J, Griffiths SM, Fong H, Dawes MG. Health of China's rural-urban
migrants and their families: a review of literature from 2000 to 2012. Br Med
Bull. 2013;106:19–43.

Ma et al. BMC Ophthalmology (2018) 18:53

7.

8.

9.

10.

11.
12.

13.
14.

15.

16.
17.
18.
19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.
31.

He J, Lu L, Zou H, et al. Prevalence and causes of visual impairment and
rate of wearing spectacles in schools for children of migrant workers in
shanghai, China. BMC Public Health. 2014;14:1312.
Zhu X, Zhu J, Zou H, et al. Prevalence of ametropia and visual impairment
in elementary school students in Baoshan District of shanghai. Chin J Exp
Ophthtalmol. 2014;32:451–6. (In Chinese)
Rudnicka AR, Kapetanakis VV, Wathern AK, et al. Global variations and time
trends in the prevalence of childhood myopia, a systematic review and
quantitative meta-analysis: implications for aetiology and early prevention.
Br J Ophthalmol. 2016;100:882–90.
Wu JF, Bi HS, Wang SM, et al. Refractive error, visual acuity and causes of
vision loss in children in Shandong, China. The Shandong children eye
study. PLoS One. 2013; https://doi.org/10.1371/journal.pone.0082763.
He M, Zheng Y, Xiang F. Prevalence of myopia in urban and rural children
in mainland China. Optom Vis Sci. 2009;86:40–4.
He M, Zeng J, Liu Y, Xu J, Pokharel GP, Ellwein LB. Refractive error and visual
impairment in urban children in southern china. Invest Ophthalmol Vis Sci.
2004;45:793–9.
Zhao J, Pan X, Sui R, et al. Refractive error study in children: results from
Shunyi District, China. Am J Ophthalmol. 2000;129:427–35.
Shanghai Statistical Yearbook 2010. http://www.stats-sh.gov.cn/html/sjfb/
201701/1000196.html?pClassID=664&ClassID=665&MatterID=13153.
Accessed 21 Feb 2018.
Duan C, Lv L, Wang Z, Guo J. The survival and development status of
floating children in China: an analysis of the sixth population census data
[in Chinese]. S China Popul. 2013;4:44–55. 80
Baoshan District Statistical Yearbook 2010. http://bstj.baoshan.sh.cn/fxbg/
tjfx2011/201103/t20110303_47412.html. Accessed 21 Feb 2018.
Wu X, Zhang Z. Population migration and children’s school enrollments in
China, 1990–2005. Soc Sci Res. 2015;53:177–90.
Lai F, Liu C, Luo R, et al. The education of China’s migrant children: the
missing link in China’s education system. Int J Educ Dev. 2014;37:68–77.
Pan CW, Zheng YF, Wong TY, et al. Variation in prevalence of myopia
between generations of migrant indians living in Singapore. Am J
Ophthalmol. 2012;154:376–81.
Pan CW, Chen Q, Sheng X, et al. Ethnic variations in myopia and ocular
biometry among adults in a rural community in China: the Yunnan minority
eye studies. Invest Ophthalmol Vis Sci. 2015;56:3235–41.
French AN, Morgan IG, Mitchell P, Risk RKA. Factors for incident myopia in
Australian schoolchildren: the Sydney adolescent vascular and eye study.
Ophthalmology. 2013;120:2100–8.
He M, Xiang F, Zeng Y, et al. Effect of time spent outdoors at school on the
development of myopia among children in China: a randomized clinical
trial. JAMA. 2015;314:1142–8.
Ramamurthy D, Lin Chua SY, Saw SM. A review of environmental risk factors
for myopia during early life, childhood and adolescence. Clin Exp Optom.
2015;98:497–506.
Lin Z, Gao TY, B V, et al. Near work, outdoor activity, and myopia in children in
rural China: the Handan offspring myopia study. BMC Ophthalmol. 2017;17:203.
Lin Z, Vasudevan B, Mao GY, et al. The influence of near work on myopic
refractive change in urban students in Beijing: a three-year follow-up report.
Graefes Arch Clin Exp Ophthalmol. 2016;254:2247–55.
Lin Z, Gao TY, Vasudevan B, et al. Generational difference of refractive error
and risk factors in the Handan offspring myopia study. Invest Ophthalmol
Vis Sci. 2014;55:5711–7.
Liang YB, Lin Z, Vasudevan B, et al. Generational difference of refractive
error in the baseline study of the Beijing myopia progression study. Br J
Ophthalmol. 2013;97:765–9.
Huang HM, Chang DS, Wu PC. The association between near work activities
and myopia in children-a systematic review and meta-analysis. PLoS One.
2015; https://doi.org/10.1371/journal.pone.0140419.
Wang X, Yi H, Lu L, et al. Population prevalence of need for spectacles and
spectacle ownership among urban migrant children in eastern China. JAMA
Ophthalmol. 2015;133:1399–406.
Chadha RK, Subramanian A. The effect of visual impairment on quality of
life of children aged 3-16 years. Br J Ophthalmol. 2011;95(5):642.
Kumaran SE, Balasubramaniam SM, Kumar DS, Ramani KK. Refractive error
and vision-related quality of life in south Indian children. Optom Vis Sci.
2015;92:272–8.

Page 9 of 9

32. Schneider J, Leeder SR, Gopinath B, et al. Frequency, course, and impact of
correctable visual impairment (uncorrected refractive error). Surv
Ophthalmol. 2010;55:539–60.
33. Hamasaki I, Hasebe S, Kimura S, et al. Cycloplegic effect of 0.5% tropicamide
and 0.5% phenylephrine mixed eye drops: objective assessment in Japanese
schoolchildren with myopia. Jpn J Ophthalmol. 2007;51:111–5.
34. Fan DS, Rao SK, Ng JS, et al. Comparative study on the safety and efficacy
of different cycloplegic agents in children with darkly pigmented irides. Clin
Exp Ophthalmol. 2004;32:462–7.
35. Egashira SM, Kish LL, Twelker JD, et al. Comparison of cyclopentolate versus
tropicamide cycloplegia in children. Optom Vis Sci. 1993;70:1019–26.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

