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IMPORTANCE The number of urban migrants in China is 300 million and is increasing rapidly
in response to government policies. Urban migrants have poor access to health care, but little
is known about rates of correction of refractive error among migrant children. This is of
particular significance in light of recent evidence demonstrating the educational impact of
providing children with spectacles.

OBJECTIVE To measure prevalence of spectacle need and ownership among Chinese migrant
children.

DESIGN, SETTING, AND PARTICIPANTS Population-based, cross-sectional study among children
who failed vision testing (uncorrected visual acuity �6/12 in either eye) between September
15 and 30, 2013, at 94 randomly selected primary schools in predominantly migrant
communities in Shanghai, Suzhou, and Wuxi, China.

MAIN OUTCOMES AND MEASURES Refractive error by cycloplegic refraction; spectacle
ownership, defined as producing glasses at school, having been told to bring them; and
needing glasses, defined as uncorrected visual acuity of 6/12 or less correctable to greater
than 6/12 in either eye, with myopia of −0.5 diopters (D) or less, hyperopia of +2.0 D or
greater, or astigmatism of 0.75 D or greater in both eyes.

RESULTS Among 4409 children, 4376 (99.3%) completed vision screening (mean [SD] age,
11.0 [0.81] years; 55.3% boys; 4225 [96.5%] migrant and 151 [3.5%] local). Among 1204
children failing vision testing (total, 27.5%; 1147 migrant children [27.1%] vs 57 local children
[37.7%]; P = .003), 850 (70.6%) completed refraction. Spectacle ownership in migrant
children needing glasses (147 of 640 children [23.0%]) was less than among local children (12
of 34 children [35.3%]) (odds ratio = 0.55; 95% CI, 0.32-0.95; P = .03). Having uncorrected
visual acuity less than 6/18 in both eyes was associated positively with baseline spectacle
ownership (odds ratio = 5.73; 95% CI, 3.81-8.62; P < .001), but parental education and family
wealth were not.

CONCLUSIONS AND RELEVANCE Among urban migrant children, there was a high prevalence
of need for spectacles and a very low rate of spectacle ownership. Spectacle distribution
programs are needed specifically targeting migrant children.
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Among nearly 13 million children worldwide with vi-
sual disability from uncorrected refractive error, half
live in China.1 Refractive error can be safely treated with

glasses,2 leading to improvements in visual function3 and trial-
proven enhancement of educational outcomes.4 However, in
rural areas in China, as few as 1 in 6 children needing glasses
owns them.4

In addition to China’s rural population, urban migrants are
another group known to have poor access to health care
facilities.5,6 In 2013, 35.3 million rural laborers, or 21% of the
total, brought their families to their destination cities.7 The
number of urban migrant children younger than 17 years in-
creased 80% in a decade, from 19.8 million in 2000 to 35.8 mil-
lion in 2010.8 Owing to China’s strict hukou (local residence)
household registration system,9 migrants have limited ac-
cess to public services, including health care and education,
resulting in poorer educational and health care outcomes than
their local counterparts.10-12 Compared with other Chinese ur-
ban dwellers, migrants bear a higher burden of hepatitis,13 sexu-
ally transmitted diseases,14 occupational injuries,15 and inad-
equate women’s,16 children’s,17 and prenatal18 health care.
However, few studies19 have assessed the burden of visual im-
pairment and rates of spectacle wear among China’s urban mi-
grant children.

We carried out a randomized trial of incentives to in-
crease spectacle use20 among children attending predomi-
nantly migrant primary schools in 3 large eastern Chinese cit-
ies. In the current article, we report the baseline prevalence
of need for spectacles and spectacle ownership among such
children screened for our trial.

Methods
The protocol for this study has been described elsewhere in
detail20 and was approved in full by the institutional review
boards at Stanford University and the Zhongshan Ophthalmic
Center. Permission was received from local boards of educa-
tion in each setting, and the principals of all schools and at least
1 parent of each child provided written informed consent for
participation. The principles of the Declaration of Helsinki were
followed throughout.

Setting
The study was carried out in Shanghai (the world’s largest
city proper, with a total population of 24.2 million in 2012,21

including 9.6 million migrants22) as well as Suzhou and Wuxi
(in Jiangsu Province, a pair of cities located near Shanghai
with a combined prefectural population of 17.0 million in
2014,23,24 more than half estimated to be migrants25)
between September 15 and 30, 2013. These cities were
selected for having among China’s largest populations of
migrants, defined herein as children and families who
reported not having a local primary residence (hukou). Sub-
stantial rural and suburban areas exist within the borders of
these 3 cities, and migrant populations tend to be clustered
in these rural and suburban zones. In 2010, migrants
accounted for 46.2% of all children living in Shanghai and

24.7% in Jiangsu. As the number of migrant children has
increased, their education has become one of the greatest
challenges facing the Chinese education system. Given that
migrant children in cities still retain their rural hukou, they
are allowed to enroll in urban public schools only if space is
available. As a result, migrant children in these communities
mostly attend schools that are private and unregulated, with
little support from the government.12

Sampling and Eligibility Criteria
All elementary schools in these cities identified by the local
bureaus of education as having a primarily migrant popula-
tion were enumerated, and 94 schools were selected at ran-
dom (66 in Shanghai and 28 in Suzhou/Wuxi). All 28 schools
on the lists for Suzhou and Wuxi were chosen. In the princi-
pal migrant districts of Shanghai (Fengxian, Jinshan, Qingpu,
and Pudong), 70 of 107 schools were selected at random
based on the population size of each district. During imple-
mentation, 4 of the Shanghai schools (5.7%) withdrew from
participation.

One fifth-grade class (children usually aged 10-12 years)
was selected at random in each school, questionnaires were
administered, and visual acuity (VA) testing and refraction
were carried out. All children in the selected classes meeting
the following criteria were considered eligible to receive
glasses in the parent trial and as needing glasses in the cur-
rent study: uncorrected VA of 6/12 or less in either eye;
refractive error showing myopia of −0. 5 diopters (D) or less
in both eyes, hyperopia of +2.0 D or greater in both eyes, or
astigmatism (nonspherical refractive error) of 0.75 D or
greater in both eyes; and VA correctable to greater than 6/12
in either eye with glasses.

Our definition of needing glasses was based on having VA
at the level used in the Refractive Error Study in Children to
define vision impairment,26 together with refractive error cut-
offs validated in our previous work27 as being associated with
greater improvement in VA when corrected. Finally, improve-
ment in VA to 6/12 in either eye with glasses was required, to
eliminate children whose poor vision was due predomi-
nantly to amblyopia or other nonrefractive causes.

Questionnaires
At baseline (September 2013, beginning of the school year),
enumerators administered questionnaires to children con-
cerning their age, sex, urban vs rural residence, local primary
residence (to identify migrant status), glasses wear, time spent
in near work and outdoor activities, family migrant status, and
parental glasses wear and education. Children were asked about

At a Glance

• Although a quarter of migrant children needed spectacles, only
15% of these owned them.

• This figure is comparable to that for similar children in rural
western China measured using an identical protocol.

• It is substantially lower than previously reported for similar-aged
children at conventional Chinese urban schools (66%).
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the family’s ownership of 13 items as an indication of family
wealth: car, camera, washing machine, motorcycle or electric
bicycle, air conditioner, water heater, gas or liquefied petro-
leum gas stove, computer, range hood, Internet access, refrig-
erator or freezer, television, and flush toilet. Children’s weekly
pocket money28 was also recorded as an alternative indicator
of family financial status. Teachers were asked to state whether
the blackboard (potentially not clearly seen by myopic chil-
dren and so a possible driver of glasses use) was used for all,
most, about half, little, or no teaching. Baseline spectacle use
was defined as being able to produce glasses at school on the
day of the examination, having been told previously to bring
them.

VA Assessment
Children underwent baseline VA screening at school by a nurse
and trained assistant. Visual acuity was tested separately for
each eye without refraction at 4 m using an Early Treatment
Diabetic Retinopathy Study29 chart (Precision Vision) in a well-
lighted, indoor area. If the orientation of at least 4 of 5 opto-
types on the 6/60 line was correctly identified, children were
examined on the 6/30 line, on the 6/15 line, and then line by
line to 6/3. Visual acuity for an eye was defined as the lowest
line on which 4 of 5 optotypes were read correctly. If the top
line could not be read at 4 m, the child was tested as de-
scribed earlier at 1 m and the measured VA was divided by 4.

Refraction
Children with uncorrected VA of 6/12 or less in either eye un-
derwent cycloplegia with up to 3 drops each of cyclopento-
late hydrochloride, 1%, and proparacaine hydrochloride, 0.5%.
Children then underwent automated refraction (Topcon KR
8900) with subjective refinement by a local optometrist pre-
viously trained by experienced optometrists from Zhong-
shan Ophthalmic Center.

Statistical Analysis
Refractive power was defined throughout as the subjective
spherical equivalent, or spherical power plus half the cylin-
drical power. Family wealth was calculated by summing the

value, as reported in the Rural Household Survey Yearbook,30

of items reported as being owned by the family from a list of
13. Terciles of family wealth were used in analyses owing to
nonnormal distribution of the data. Tercile levels for children
failing to complete the list of 13 items (n = 518 [11.8%]) were
imputed based on their tercile level of self-reported weekly
pocket money.

All analyses were performed using Stata version 12.0 sta-
tistical software (StataCorp LP), calculating robust standard er-
rors to adjust for clustering by school.31 Other baseline vari-
ables were investigated using logistic regression as predictors
of the main outcomes: need for spectacles among children fail-
ing VA screening, and ownership of spectacles among chil-
dren who needed them. The multiple regression models in-
cluded age, sex, migrant status, and all variables in the simple
regression associated with the outcome at P ≤ .20. In view of
the high proportion (nearly 30%) of parents refusing permis-
sion for refraction, we performed an alternative analysis of
spectacle ownership and its predictors among all children fail-
ing VA screening to assess the potential effect of the loss of
these children on our analyses.

Results
Among 4409 children in selected fifth-grade classes in 94
randomly chosen schools, 4376 (99.3%; mean [SD] age, 11.0
[0.81] years, 55.3% boys) completed vision screening. Of
these 4376 children, 4225 (96.5%) self-identified as migrant
and 151 (3.5%) as local (Figure). Migrant children were more
likely than local children to report rural residence (89.3% vs
59.6%, respectively; P < .001), to have additional siblings in
the family rather than being an only child (only child, 15.8%
vs 40.4%, respectively; P = .007), and to have parents who
were less educated (≥1 parent with ≥12 years of education,
7.7% vs 24.7%, respectively; P < .001); were less likely to
have parents who wore glasses (12.3% vs 30.1%, respectively;
P < .001); and had less family wealth (P < .001). However,
standardized scores on study-specific mathematics tests
were higher among migrant children (0.07 vs −0.45 SDs,

Figure. Flowchart for Enrollment of Children in the Study

354 Parents refused permission
for refraction
336 Migrant children (29.3%)
18 Local children (31.6%)

850 Completed refraction
811 Migrant children (70.7%)
39 Local children (68.4%)

1204 Failed, with uncorrected visual
acuity ≤6/12 in either eye
1147 Migrant children (27.1%)

57 Local children (37.7%)

3172 Passed, with uncorrected visual
acuity >6/12 in both eyes
3078 Migrant children (72.9%)

94 Local children (62.3%)

4376 Initial vision screeninga

4225 Migrant children (96.5%)
151 Local children (3.5%)

a The total number of baseline
observations was 4409. Among
these, 15 children with missing
baseline screening data and 18
children with unknown residential
status (a total of 33 [0.75%]) were
excluded.
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respectively; P < .001). Age, sex, and the perception that
wearing glasses harms children’s eyes did not differ between
migrant and local children (Table 1).

A total of 1204 children (27.5%) failed vision screening on
the basis of having uncorrected VA of 6/12 or less in either eye
(1147 migrant children [27.1%] vs 57 local children [37.7%];
P = .003). Parental permission was granted for cycloplegic re-
fraction among 850 children (70.6%) failing vision screening
(811 migrant children [70.7%] and 39 local children [68.4%])
(Figure). Children of families refusing refraction were more
likely to be boys (P = .003) and had better uncorrected VA
(P = .003) than children whose families accepted it.

Table 2 shows spectacle ownership among migrant and lo-
cal children meeting our trial criteria of needing glasses. Lo-
cal children (12 of 34 [35.3%]) were more likely to own glasses
than migrant children (147 of 640 [23.0%]) (odds ratio
[OR] = 0.55; 95% CI, 0.32-0.95; P = .03). Among children with

−2.5 to −3.5 D of myopia, only 40 of 92 migrant children (43.5%)
owned glasses; among those with uncorrected VA less than
6/18, 106 of 263 migrant children (40.3%) and 10 of 14 local chil-
dren (71.4%) owned glasses (OR = 0.27; 95% CI, 0.12-0.61;
P = .002). The low prevalence of spectacle ownership among
migrant children in this study is comparable with that among
similar-aged children in poor areas of rural western China4

using an identical protocol and definition of spectacle need:
463 of 3177 (14.6%). Ownership of glasses was far higher in a
group of similar-aged children attending conventional urban
schools in eastern China32 using similar protocols and defini-
tions: 640 of 971 (65.9%) (eTable in the Supplement).

Predictors of needing spectacles in multiple logistic regres-
sion models in this study included fewer weekly hours spent out-
doors (OR = 0.96; 95% CI, 0.93-0.99; P = .02) and being an only
child (OR = 2.78; 95% CI, 1.49-5.17; P = .001) (Table 3). An alter-
native analysis of spectacle wear among all children failing VA

Table 1. Comparison of Baseline Characteristics Between Migrant and Local Children,
Both Attending Majority-Migrant Schools

Characteristic
All
(N = 4376)

Migrant
(n = 4225)

Local
(n = 151 )

P Value
for Migrant
vs Locala

Age, y

No. (%)

≤9 81 (1.9) 79 (1.9) 2 (1.3)

.38

10 1203 (27.5) 1154 (27.4) 49 (32.5)

11 1779 (40.7) 1713 (40.6) 66 (43.7)

≥12 1305 (29.9) 1271 (30.1) 34 (22.5)

Data missing 8 (0.2) 8 (0.2) 0

Mean (SD) 11.0 (0.81) 10.9 (0.77) 11.0 (0.81)

Male, No. (%) 2421 (55.3) 2344 (55.5) 77 (51.0) .15

Children needing glasses, No./
children with uncorrected VA
≤6/12 in either eye, No. (%)b

675/850 (79.4) 641/811 (79.0) 34/39 (87.2) .15

Data missing, No. (%)c 354 (29.4) 336 (29.3) 18 (31.6)

Rural residence, No. (%) 3757 (88.3) 3667 (89.3) 90 (59.6) <.001

Data missing, No. (%) 120 (2.74) 120 (2.84) 0 (0.00)

Only child in family, No. (%) 726 (16.6) 665 (15.8) 61 (40.4) .007

Data missing, No. (%) 4 (0.1) 4 (0.1) 0

Standardized mathematics score,
mean (SD)

0.05 (1.01) 0.07 (1.00) −0.45 (0.96) <.001

Data missing, No. (%) 3 (0.1) 3 (0.1) 0

≥1 Parent with >12 y of education, No. (%) 360 (8.3) 323 (7.7) 37 (24.7) <.001

Data missing, No. (%) 39 (0.9) 38 (0.9) 1 (0.7)

Both parents working in the area, No. (%) 3743 (86.7) 3617 (86.7) 126 (85.1) .55

Data missing, No. (%) 57 (1.3) 54 (1.3) 3 (2.0)

≥1 Parent wears glasses, No. (%) 549 (12.9) 505 (12.3) 44 (30.1) <.001

Data missing, No. (%) 133 (3.0) 128 (3.0) 5 (3.3)

Family wealth tercile, No. (%)

Top 1428 (32.8) 1346 (32.0) 82 (54.7)

<.001Middle 1469 (33.8) 1430 (34.0) 39 (26.0)

Bottom 1455 (33.4) 1426 (33.9) 18 (13.6)

Data missing 24 (0.6) 23 (0.5) 1 (0.7)

Near work, mean (SD), h/wkd 7.62 (4.02) 7.62 (4.00) 7.61 (4.54) .99

Data missing, No. (%) 20 (0.5) 18 (0.4) 2 (1.3)

Time spent outdoors, mean (SD), h/wk 6.63 (4.74) 6.66 (4.72) 5.93 (5.15) .10

Data missing, No. (%) 77 (1.8) 71 (1.7) 6 (4.0)

Abbreviation: VA, visual acuity.
a Cluster effects within school were

adjusted for in all comparisons.
Linear regression was used for age,
mathematics score, time of near
work, and time spent outdoors.
Ordinal logistic regression was used
for pocket money. Logistic
regression was used for other
variables.

b Myopia of −0.5 diopters (D) or less,
hyperopia of +2.0 D or higher, or
astigmatism of 0.75 D or higher in
both eyes, and uncorrected VA of
6/12 or less, correctable to greater
than 6/12, in either eye.

c A total of 354 children’s parents
refused permission for cycloplegic
refraction.

d Near-work activity includes all
activities occurring at a working
distance less than 50 cm.
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screening, to test the potential effect on our results of children
whose families refused refraction, produced substantially simi-
lar results except that being a local child and being an only child
in the family were now positively associated with spectacle use
(data not shown). Having uncorrected VA less than 6/18 in both
eyes was a predictor of higher baseline spectacle ownership (OR
= 5.73; 95% CI, 3.81-8.62; P < .001), but parental education and
family wealth were not (Table 4).

Discussion
We observed a high prevalence of need for spectacles and very
low rates of spectacle use among children needing them in this

large cohort of urban migrant children. China’s population of mi-
grant children is currently estimated at more than 30 million, and
government policies resettling rural dwellers to specially created
urban areas are encouraging rapid expansion of this number. The
results of this study add to existing data19 suggesting that uncor-
rected refractive error among urban migrant children is a major
health care problem for China. This has important implications
for program planners, particularly in view of recent results dem-
onstrating the significant effect of providing spectacles on chil-
dren’s educational outcomes in China.4 Programs targeting mi-
grant children and providing free or low-cost spectacles are
needed; previous studies4 have suggested that when glasses are
provided for free, rates of use double compared with the use of
even low-cost options.

Table 3. Logistic Regression Model of Factors Potentially Associated With Needing Spectacles
Among 1204 Migrant and Local Children With Uncorrected Visual Acuity of 6/12 or Less,
Adjusting for Cluster Effects Within School

Variable

Simple
Logistic Regression

Multiple Logistic Regressiona

(n = 821)

OR (95% CI) P Value OR (95% CI) P Value
Migrant status, migrant vs local 0.55 (0.25-1.25) .15 0.67 (0.29-1.59) .37

Age, y 0.79 (0.59-1.05) .11 0.84 (0.62-1.13) .24

Male 1.37 (1.01-1.86) .04 1.32 (0.95-1.83) .09

Near work, h/wk 0.96 (0.93-0.997) .03 0.97 (0.94-1.01) .09

Time spent outdoors, h/wk 0.97 (0.94-0.999) .04 0.96 (0.93-0.99) .02

≥1 Parent wears glasses 1.24 (0.80-1.93) .34

Both parents working in the area 1.46 (0.97-2.21) .07 1.53 (0.98-2.38) .06

Only child in family 2.69 (1.55-4.69) .001 2.78 (1.49-5.17) .001

Standardized mathematics score 1.10 (0.93-1.30) .28

≥1 Parent with >12 y of education 0.94 (0.54-1.63) .83

Rural residence 0.87 (0.53-1.42) .58

Family wealth, bottom tercile as reference

Top tercile 1.37 (0.94-2.01) .10 1.51 (0.98-2.32) .06

Middle tercile 1.57 (1.04-2.36) .03 1.35 (0.89-2.05) .16

Blackboard use, less than half of teaching as
reference

Half of teaching 0.61 (0.40-0.94) .04 0.71 (0.47-1.08) .11

More than half of teaching 0.83 (0.51-1.35) .44 0.97 (0.59-1.60) .92

Abbreviation: OR, odds ratio.
a Age, sex, migrant status, and

variables in the simple regression at
P � .20 were included in the
multiple regression.

Table 2. Association of Baseline Spectacle Ownership With Refractive Error and Uncorrected VA
Among Migrant and Local Children Needing Glasses

Refractive Error Categorya

Children Who Owned Glasses, No./
Children Needing Glasses, No. (%)b

OR (95% CI)c P ValuecMigrant Children Local Children
All children needing glasses 147/640 (23.0)d 12/34 (35.3) 0.55 (0.32-0.95) .03

Myopia in better-seeing eye, De 137/601 (22.8) 12/32 (37.5)

−0.5 to −1.5 15/250 (6.00) 1/10 (10.0)

0.49 (0.28-0.85) .01

−1.5 to −2.5 31/191 (16.2) 4/14 (28.6)

−2.5 to −3.5 40/92 (43.5) 2/2 (100.0)

−3.5 to −4.5 34/49 (69.4) 4/5 (80.0)

≤−4.5 17/19 (89.5) 1/1 (100.0)

Hyperopia ≥+2.0 D in better-seeing eyee 9/20 (45.0) 1/1 (100.0) … …

Astigmatism ≥0.75 D in both eyes 31/87 (35.6) 2/4 (50.0) 0.55 (0.07-4.20) .57

VA category for better-seeing eyee

≤6/12 to ≥6/18 34/251 (13.6) 1/14 (7.1) 2.04 (0.25-16.4) .50

≤6/19 to ≥6/48 106/263 (40.3) 10/14 (71.4) 0.27 (0.12-0.61) .002

Abbreviations: D, diopters; OR, odds
ratio; VA, visual acuity; ellipses,
cannot be calculated.
a Myopia of −0.5 D or less, hyperopia

of +2.0 D or higher, or astigmatism
of 0.75 D or higher in both eyes, and
uncorrected VA of 6/12 or less,
correctable to greater than 6/12,
in either eye.

b Children included as owning glasses
are those who brought glasses to
school after being told the previous
day.

c Logistic regression was used with
adjusting for the cluster effect
within schools.

d One child with missing status of
spectacle ownership was not
included.

e Better-seeing eye was the eye with
better uncorrected VA at baseline.
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Our findings are consistent with other studies reporting
suboptimal access to health care in migrant communities, re-
sulting in a higher burden of infectious disease,13,14 injury,15

and maternal and child health problems.16,18 In addition, He
et al19 have reported a high prevalence of uncorrected refrac-
tive error among children at predominantly migrant primary
schools in Shanghai, similar to that observed in our study. In
their report on children in elementary grades 1 to 5, 13% of chil-
dren failed vision screening using a definition similar to ours,
and only 15.5% of these owned and were wearing spectacles.
The somewhat lower rate of failed vision screening is presum-
ably due to the inclusion of younger children in the study by
He and colleagues, whereas our study enrolled children in the
fifth grade only.

Compared with the study by He and colleagues, our study
included 3 municipalities with large migrant populations, as op-
posed to 1, and selected children from a much larger range of
schools (94 in our study vs 11 in the study by He and colleagues),
which is important in view of the strong tendency for clustering
of visual impairment, spectacle use, and predictive factors within
schools. The estimates provided in our study are thus expected
to be more robust. Our study also provides information on im-
portant determinants of spectacle wear that were not provided
in the article by He and colleagues. Finally, our study had a higher
rate of participation than that by He and colleagues (70.7% vs
59.6%, respectively) and compared characteristics between chil-
dren who did and did not participate.

Several factors may underlie the low rates of spectacle wear
among urban migrant children. Compared with children self-
reporting as local in this study, migrant families had lower pa-
rental education and parental rates of spectacle wear as well
as poorer indicators of family wealth (Table 1). Among these,
parental spectacle wear was a predictor of children’s spec-
tacle ownership in our univariate logistic models. Failing vi-

sion screening and needing spectacles were less common
among migrant children as opposed to local children, and poor
vision was also associated with spectacle wear, but glasses own-
ership rates remained lower among migrant children even
when stratifying for both refractive error and VA (Table 2). In
our models controlling for various determinants of spectacle
wear (Table 4), the effect of migrant status disappeared.

Regarding the lower prevalence of need for spectacles
among migrant children compared with local children, this ap-
pears to be explained by differences in factors such as urban
vs rural residence and parental spectacle wear (presumably in
this case acting as a proxy for genetic effects). In our models,
when adjusting for these factors, migrant status was no lon-
ger associated with need for spectacles. Consistent with other
studies among Chinese children,33 myopia was the main cause
of need for spectacles in our cohort, present in 169 of 181 such
children (93.4%).

It should be remembered that the children self-reporting
as local in this study were attending majority-migrant schools
and thus likely differed from urban children studying at stan-
dard institutions. For example, spectacle wear among local chil-
dren who needed glasses in this study (35.3%) was only about
half that reported previously21 for urban children at standard
schools (65.9%). Further, our sample of local children was also
relatively small, comprising only 151 children, making infer-
ences regarding them somewhat less reliable.

Strengths of this study include its population-based na-
ture, having sampled randomly from among a large number
of majority-migrant schools in 3 large eastern cities. Our pro-
tocols and definitions allowed direct comparison with spec-
tacle ownership rates previously reported4 among similar-
aged children dwelling in poor, rural areas. Limitations must
also be acknowledged. As noted earlier, the number of local
children was small, and these children are unlikely to be rep-

Table 4. Logistic Regression Model of Factors Potentially Affecting Baseline Ownership of Spectacles
Among 675 Migrant and Local Children Needing Them, Adjusting for Cluster Effects Within School

Variable

Simple Logistic Regression
Multiple Logistic Regressiona

(n = 648)

OR (95% CI) P Value OR (95% CI) P Value
Migrant status, migrant vs local 0.55 (0.32-0.95) .03 0.61 (0.30-1.23) .17

Age, y 0.81 (0.63-1.03) .09 0.86 (0.67-1.11) .25

Male 1.06 (0.75-1.49) .76 1.19 (0.80-1.78) .39

Uncorrected VA <6/18 in both eyes 5.97 (3.98-8.95) <.001 5.73 (3.81-8.62) <.001

≥1 Parent wears glasses 1.66 (1.08-2.56) .02 1.35 (0.81-2.25) .25

Both parents working in the area 0.97 (0.60-1.58) .92

Only child in family 1.52 (1.04-2.23) .03 1.49 (0.96-2.31) .07

Standardized mathematics score 0.97 (0.81-1.17) .76

≥1 Parent with >12 y of education 1.48 (0.92-2.38) .11

Rural residence 0.80 (0.48-1.32) .38

Family wealth, bottom tercile as reference

Top tercile 1.03 (0.66-1.61) .88

Middle tercile 0.96 (0.63-1.47) .86

Blackboard use, less than half of teaching
as reference

Half of teaching 0.80 (0.49-1.31) .37

More than half of teaching 0.90 (0.57-1.41) .64

Abbreviations: OR, odds ratio;
VA, visual acuity.
a Age, sex, migrant status, and

variables in the simple regression at
P � .20 were included in the
multiple regression.
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resentative of urban children attending typical public schools.
Only children in the fifth grade are included, which means that
our results can be applied only with caution to older and
younger children. Additionally, we encountered relatively high
rates of parental refusal of cycloplegia for their children
(29.4%), as frequently observed in urban China. Our supple-
mentary analyses of spectacle wear among all children failing
vision screening attempt to take account of this effect. Fi-
nally, the fact that we performed refraction only for children
failing vision screening means that we are unable to report
prevalence rates of refractive error among all children.

Conclusions

This study is among the first, to our knowledge, to document
both high prevalence of need for spectacles and very low rates
of spectacle ownership among urban migrant children, a large
and growing population in China. Together with information
on similar low rates in rural western areas,4 our study offers
further evidence of the need for programs providing spec-
tacles to China’s millions of children affected by uncorrected
refractive error.

ARTICLE INFORMATION

Submitted for Publication: May 12, 2015; final
revision received July 24, 2015; accepted July 25,
2015.

Published Online: October 1, 2015.
doi:10.1001/jamaophthalmol.2015.3513.

Author Affiliations: Zhongshan Ophthalmic
Center, State Key Laboratory of Ophthalmology,
Division of Preventive Ophthalmology, Sun Yat-sen
University, Guangzhou, China (Wang, Jin,
Congdon); Affiliated Hospital of Guangdong
Medical College, Zhanjiang, China (Wang); Center
for Chinese Agricultural Policy, Institute of
Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing,
China (Yi, L. Zhang); Shanghai Ophthalmic
Treatment and Prevention Hospital, Shanghai,
China (Lu, Zou); China Center for Health
Development Studies, Peking University, Beijing,
China (Ma); Stanford Center for International
Development, Stanford University, Stanford,
California (Ma, Rozelle); Shanghai Ocean University,
Shanghai, China (H. Zhang); African Vision Research
Institute, University of KwaZulu-Natal, Durban,
South Africa (Naidoo); Brien Holden Vision
Institute, Durban, South Africa (Naidoo, Minto);
Shanghai General Hospital, Shanghai Jiaotong
University, Shanghai, China (Zou); Translational
Research for Equitable Eyecare, Queen’s University
Belfast, Belfast, Northern Ireland (Congdon); Orbis
International, New York, New York (Congdon).

Author Contributions: Dr Congdon had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Wang, Yi, Ma, Naidoo,
Minto, Rozelle, Congdon.
Acquisition, analysis, or interpretation of data: Yi,
Lu, L. Zhang, Ma, Jin, H. Zhang, Zou.
Drafting of the manuscript: Wang, Lu, Jin, H. Zhang,
Congdon.
Critical revision of the manuscript for important
intellectual content: Yi, L. Zhang, Ma, Naidoo, Minto,
Zou, Rozelle.
Statistical analysis: Yi, Ma, Jin, Congdon.
Obtained funding: Naidoo, Minto, Rozelle,
Congdon.
Administrative, technical, or material support:
Wang, Lu, H. Zhang, Minto, Zou, Rozelle, Congdon.
Study supervision: Rozelle, Congdon.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
none were reported.

Funding/Support: This work was supported by
Zhongshan Ophthalmic Center, State Key

Laboratory of Ophthalmology, Division of
Preventive Ophthalmology, Sun Yat-sen University,
Guangzhou, China; Caterpillar Inc; Essilor; Brien
Holden Vision Institute; Leibniz Institute of
Agricultural Development in Transition Economies;
grant 71373255 from the National Natural Science
Foundation of China; and grants 2013RC204 and
2012RC102 from the Institute of Geographic
Sciences and Natural Resources Research, Chinese
Academy of Sciences. Dr Congdon is supported by
the Thousand Man Plan of the Chinese government
and the Ulverscroft Foundation. Essilor is a
manufacturer of spectacle lenses and provided
lenses and funding support for the study.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Previous Presentation: This paper was presented
as a poster at the 2015 Annual Meeting of the
Association for Research in Vision and
Ophthalmology; May 5, 2015; Denver, Colorado.

REFERENCES

1. Resnikoff S, Pascolini D, Mariotti SP, Pokharel GP.
Global magnitude of visual impairment caused by
uncorrected refractive errors in 2004. Bull World
Health Organ. 2008;86(1):63-70.

2. Ma X, Congdon N, Yi H, et al. Safety of spectacles
for children’s vision: a cluster-randomized
controlled trial [published online August 15, 2015].
Am J Ophthalmol. doi:10.1016/j.ajo.2015.08.013.

3. Esteso P, Castanon A, Toledo S, et al. Correction
of moderate myopia is associated with
improvement in self-reported visual functioning
among Mexican school-aged children. Invest
Ophthalmol Vis Sci. 2007;48(11):4949-4954.

4. Ma X, Zhou Z, Yi H, et al. Effect of providing free
glasses on children’s educational outcomes in
China: cluster randomized controlled trial. BMJ.
2014;349:g5740.

5. 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.

6. Mou J, Griffiths SM, Fong HF, Dawes MG.
Defining migration and its health impact in China
[published online December 13, 2014]. Public Health.
doi:10.1016/j.puhe.2014.01.010.

7. National Bureau of Statistics of China. 2013
Reports on migrant workers [in Chinese]. http:
//www.stats.gov.cn/tjsj/zxfb/201405/t20140512
_551585.html. Accessed April 10, 2015.

8. 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.

9. Naughton B. The Chinese Economy: Transitions
and Growth. Cambridge, MA: MIT Press; 2007.

10. Sun M, Ma R, Zeng Y, Luo F, Zhang J, Hou W.
Immunization status and risk factors of migrant
children in densely populated areas of Beijing,
China. Vaccine. 2010;28(5):1264-1274.

11. Gong P, Liang S, Carlton EJ, et al. Urbanisation
and health in China. Lancet. 2012;379(9818):
843-852.

12. 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.
doi:10.1016/j.ijedudev.2013.11.006.

13. Zou X, Chow EP, Zhao P, Xu Y, Ling L, Zhang L.
Rural-to-urban migrants are at high risk of sexually
transmitted and viral hepatitis infections in China:
a systematic review and meta-analysis. BMC Infect
Dis. 2014;14:490.

14. Zhang L, Chow EP, Jahn HJ, Kraemer A, Wilson
DP. High HIV prevalence and risk of infection
among rural-to-urban migrants in various migration
stages in China: a systematic review and
meta-analysis. Sex Transm Dis. 2013;40(2):136-147.

15. Fitzgerald S, Chen X, Qu H, Sheff MG.
Occupational injury among migrant workers in
China: a systematic review. Inj Prev. 2013;19(5):
348-354.

16. Rose SB, Wei Z, Cooper AJ, Lawton BA.
Peri-abortion contraceptive choices of migrant
Chinese women: a retrospective review of medical
records. PLoS One. 2012;7(6):e40103.

17. Wei S, Ju L, Li M, Wei W. Child health and
nutrition: getting better and facing new challenges
in China. Australas Med J. 2011;4(3):123-132.

18. Cheung NF, Pan A. Childbirth experience of
migrants in China: a systematic review. Nurs Health
Sci. 2012;14(3):362-371.

19. 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.

20. Yi H, Zhang H, Ma X, et al. Impact of free
glasses and a teacher incentive on children’s use of
eyeglasses: a cluster-randomized controlled trial
[published online August 11, 2015]. Am J Ophthalmol.
doi:10.1016/j.ajo.2015.08.006.

21. Wikipedia. Shanghai. http://en.wikipedia.org/wiki
/Shanghai. Accessed April 15, 2015.

Need for Spectacles and Spectacle Ownership in Eastern China Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology December 2015 Volume 133, Number 12 1405

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archopht.jamanetwork.com/ by a Queen's University Belfast User  on 05/26/2016

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2015.3513&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2015.3513
http://www.ncbi.nlm.nih.gov/pubmed/18235892
http://www.ncbi.nlm.nih.gov/pubmed/18235892
http://dx.doi.org/10.1016/j.ajo.2015.08.013
http://www.ncbi.nlm.nih.gov/pubmed/17962444
http://www.ncbi.nlm.nih.gov/pubmed/17962444
http://www.ncbi.nlm.nih.gov/pubmed/25249453
http://www.ncbi.nlm.nih.gov/pubmed/25249453
http://www.ncbi.nlm.nih.gov/pubmed/23690451
http://www.ncbi.nlm.nih.gov/pubmed/23690451
http://dx.doi.org/10.1016/j.puhe.2014.01.010
http://www.stats.gov.cn/tjsj/zxfb/201405/t20140512_551585.html
http://www.stats.gov.cn/tjsj/zxfb/201405/t20140512_551585.html
http://www.stats.gov.cn/tjsj/zxfb/201405/t20140512_551585.html
http://www.ncbi.nlm.nih.gov/pubmed/19941996
http://www.ncbi.nlm.nih.gov/pubmed/22386037
http://www.ncbi.nlm.nih.gov/pubmed/22386037
http://dx.doi.org/10.1016/j.ijedudev.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/25200651
http://www.ncbi.nlm.nih.gov/pubmed/25200651
http://www.ncbi.nlm.nih.gov/pubmed/23321993
http://www.ncbi.nlm.nih.gov/pubmed/23710065
http://www.ncbi.nlm.nih.gov/pubmed/23710065
http://www.ncbi.nlm.nih.gov/pubmed/22768231
http://www.ncbi.nlm.nih.gov/pubmed/23390460
http://www.ncbi.nlm.nih.gov/pubmed/22950617
http://www.ncbi.nlm.nih.gov/pubmed/22950617
http://www.ncbi.nlm.nih.gov/pubmed/25535407
http://dx.doi.org/10.1016/j.ajo.2015.08.006
http://en.wikipedia.org/wiki/Shanghai
http://en.wikipedia.org/wiki/Shanghai
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2015.3513


Copyright 2015 American Medical Association. All rights reserved.

22. Chinadaily.com.cn. Shanghai issues report on
migrant population. http://www.chinadaily.com.cn
/china/2013-07/02/content_16710313.htm.
Accessed April 15, 2015.

23. Wikipedia. Suzhou. http://en.wikipedia.org/wiki
/Suzhou. Accessed April 15, 2015.

24. Wikipedia. Wuxi. http://en.wikipedia.org/wiki
/Wuxi. Accessed April 15, 2015.

25. eChinacities.com. Suzhou boasts China’s 2nd
largest migrant population. http://www.echinacities
.com/news/Suzhou-Boasts-Chinas-2nd-Largest
-Migrant-Population. Accessed April 15, 2015.

26. Gilbert CE, Ellwein LB; Refractive Error Study in
Children Study Group. Prevalence and causes of
functional low vision in school-age children: results

from standardized population surveys in Asia,
Africa, and Latin America. Invest Ophthalmol Vis Sci.
2008;49(3):877-881.

27. Congdon NG, Patel N, Esteso P, et al.
The association between refractive cutoffs for
spectacle provision and visual improvement among
school-aged children in South Africa. Br J Ophthalmol.
2008;92(1):13-18.

28. Barnet-Verzat C, Wolff F-C. Motives for pocket
money allowance and family incentives. J Econ
Psychol. 2002;23(3):339-366. doi:10.1016/S0167
-4870(02)00080-6.

29. Ferris FL III, Kassoff A, Bresnick GH, Bailey I.
New visual acuity charts for clinical research. Am J
Ophthalmol. 1982;94(1):91-96.

30. Department of Rural Surveys, National Bureau
of Statistics of China. Rural Household Survey
Yearbook. Beijing, China: China Statistics Press; 2013.

31. Institute for Digital Research and Education,
University of California, Los Angeles. Stata library:
analyzing correlated (clustered) data. http://www
.ats.ucla.edu/stat/stata/library/cpsu.htm. Accessed
April 8, 2015.

32. 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(3):793-799.

33. Morgan IG, Ohno-Matsui K, Saw SM. Myopia.
Lancet. 2012;379(9827):1739-1748.

Invited Commentary

Impaired Visual Acuity and Spectacle Ownership
of Urban Migrant Children in Eastern China
Joshua R. Ehrlich, MD, MPH; Nick Kourgialis; David S. Friedman, MD, MPH, PhD

Wang et al1 examined the prevalence of visual impairment and
spectacle ownership among urban-dwelling migrant chil-
dren in eastern China. They found a high rate of visual impair-

ment from refractive error
and a low rate of spectacle
use. They noted that migrant

children were significantly less likely to own glasses than lo-
cal children. Of concern, only 40.3% of migrant children with
uncorrected visual acuity less than 6/18 owned glasses, com-
pared with 71.4% of local children. Having uncorrected vi-
sual acuity less than 6/18 in both eyes was predictive of higher
baseline spectacle ownership; however, parental education and
family wealth were not significant predictors.

The study by Wang and colleagues is an important addi-
tion to the literature. Barriers to adherence with a therapeu-
tic intervention, such as spectacle wear, vary depending on set-
ting and therefore must be contextualized. Local beliefs about
the harms and benefits of treatments often drive outcomes.

Previous work has sought to elucidate barriers to spec-
tacle wear in many countries, and it has been consistently found
that parents frequently fear that wearing glasses can be harm-
ful for their children. Investigators have shown this in di-
verse settings such as Indonesia,2 Tanzania,3 and China.4,5

Clearly work is needed to develop educational messages to en-
gage parents in this process to improve outcomes.

Another important barrier to spectacle use is the lack of
social desirability of wearing glasses. Studies from Indonesia2

and Mexico6 have documented that people with correctable
refractive error may not wear glasses when they or their peers
dislike the appearance of glasses. One study from Oaxaca,
Mexico, found that disliking the appearance of glasses was a
common reason children did not wear them; however, younger
children and those from more rural locations were more likely
to wear their glasses.6 This may relate to greater peer pres-
sure among older children and different ideas of attractive-
ness found in urban locations. Interestingly, in one study from

rural China, children ranked the appearance of glasses as one
of the least important factors in their decision to wear their pre-
scribed spectacles.5 Another factor influencing spectacle wear
is perceived benefit; some investigators have found that even
those whose vision is significantly improved with new spec-
tacles report that they do not feel they need glasses or do not
need new glasses.4 This is somewhat surprising and may re-
late to various factors, including a lack of awareness of refrac-
tive error and its treatment as well as the cost of spectacles.

It should be noted that the refractive threshold for provi-
sion of glasses varies from study to study. While a number of
studies have shown that even those with poor uncorrected vi-
sual acuity may be nonadherent, those with lower refractive
errors are even less likely to wear their spectacles.1,4 For this
reason, and to best allocate scarce economic resources, ef-
forts to establish appropriate thresholds for prescription of
spectacles in some settings may be warranted.

Economic barriers, including perceived cost of spectacles,3,4

lack of access to optical services,3 and parents being too busy
at work to buy glasses for their children,5 may affect accessibil-
ity of glasses. In some studies, participants ranked cost as not
important,2,5 while in others cost ranked among the most im-
portant factors.3,4 In one study where both cost and access to
optical services were cited as important barriers, school chil-
dren indicated that they favored traditional and alternative
medical practices for treatment of poor vision.3

To date, most studies have used closed-ended question-
naires to determine barriers to spectacle wear, while few have
used rigorous qualitative research methods. One exception was
a study by Li et al5 carried out in rural southern China. In this
study, the investigators conducted focus groups with chil-
dren, parents, and teachers. These authors found that all 3
groups believed glasses might be harmful to the eyes. More-
over, parents commonly cited being too busy at work as a rea-
son for not buying glasses, but cost did not rank highly. Stu-
dents consistently cited inconvenience as a reason for not
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