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Abstract

Purpose

To examine the impacts of socio-economic status (SES) on visual impairment (VI), and the

mediating role of lifestyles in developed rural areas of China.

Methods

A cross-sectional study was conducted among people living in rural districts of Tianjin, a

developed municipality in China. An interviewer-administered survey along with free eye

screenings was conducted with participants. The questionnaire included questions about

demographic characteristics, SES, medical histories and lifestyles. Presenting visual acuity

(PVA) and main causes of VI were identified by ophthalmologists. χ2 test was undertaken to

determine whether significant differences (p<0.05) exist between VI and demographic,

SES, medical history and lifestyle factors. A stepwise regression method was conducted to

investigate whether lifestyles play mediating roles between SES and VI. Multivariable logis-

tic and ordinal logistic regression were used contingent on different types of dependent vari-

ables in each regression, and adjusted odds ratio (OR) values were estimated.

Results

Of the 12,233 participants, 6,233 were male (50.59%); the mean age was 34.61 years; 310

(2.54%) had VI. Hypertension, diabetes and cardiopathy were main medical histories, with

1,640 had hypertension (13.41%), 854 had diabetes (6.98%) and 483 had cardiopathy

(3.95%). About SES factors, higher education level (Adjusted OR, 0.84; 95% CI, 0.75–0.95)

and higher income level (Adjusted OR, 0.54; 95% CI, 0.39–0.76), were significantly associ-

ated with VI in a gradient across severity of VI. Lifestyles including smoking (Adjusted OR,

1.55; 95% CI, 1.31–1.83) and drinking (Adjusted OR, 1.36; 95% CI, 1.06–1.74) played medi-

ating roles between SES and VI when considering the full sample. Besides smoking and

drinking, reading every week (Adjusted OR, 2.07; 95% CI, 1.53–2.82) and exercising more

than 2h every day (Adjusted OR, 0.39; 95% CI, 0.15–1.00) also played mediating roles

between SES and VI when considering the subsample (age�16).
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Conclusion

This study revealed the crucial impacts of SES factors on VI, and the mediating role played

by several lifestyles. Targeted public health interventions for reducing VI should thus be pro-

posed in developed rural areas of China.

Introduction

Visual impairment (VI) constitutes a major public health problem. It has caused significant

suffering, disability, poor mental health, increased cognitive deterioration, a deterioration in

quality of life, loss of productivity and enormous economic consequences for millions of peo-

ple around the world [1–4]. Moreover, the majority of people with VI live in developing coun-

tries, and visual problems are usually more prevalent and serious in rural areas of a country

[5]. As a disability, VI greatly exacerbates the issue of productivity loss, instigating considerable

financial pressure to such countries and individuals alike [6].

More promising is the fact that more than two thirds of VI could be avoided through

either prevention or treatment [7]. In order to increase the effectiveness of the prevention

and treatment of VI, several principal risk factors of VI have been identified, including age-

ing, gender and certain medical histories [8–10]. The prevalence of VI is unequally distrib-

uted throughout the world and has been found to be strongly associated with socio-

economic status (SES) [11–14]. The strong correlation between SES and VI is particularly

true in many rapidly developing countries in Asia, such as China that are demonstrating

growing gaps in SES, which is measured in terms of income and education [15]. In addition,

social epidemiology studies have noted that lifestyle has a significant impact on people’s

health [16]. Lifestyle has been identified as one of the intermediate mechanisms that links

SES with health, that is, differences in SES lead to inequalities in health through lifestyle

[17]. As an important aspect of physical health, visual health is also affected by people’s life-

styles. However, relatively little research has examined the mediating role of lifestyle factors

between SES and VI.

As a rapidly growing country, China is facing serious imbalances in its economic and

social development. In recent decades, the prevalence of VI has increased in China, and is

unequally distributed among groups with different SES. By 2017, the number of people

with VI in China reached 13 million, of whom about 4 million are blind due to cataracts.

Cataracts were found to represent one of the leading causes of blindness among visually

impaired people in China. In 2016, the “13th Five-Year National Eye Health Plan (2016–

2020)” formulated by the National Health and Family Planning Committee of China

emphasised the importance of visual health [18]. To improve people’s visual health, the

Communist Party of China (CPC) Central Committee and the State Council formulated

the Healthy China Strategy, and repeatedly and fastidiously mentioned its contents regard-

ing “focusing on improving the health of whole people and popularizing healthy lifestyles”

in the “Healthy China 2030” planning outline [19]. Of course, more attention should be

paid to the impact of SES on visual health from the perspective of improving people’s

lifestyles.

The aim of the current study was to examine the effects of SES on VI using samples from

developed rural areas of China, and to further analyse the mediating effects of several lifestyle

factors on this relationship. Several public health interventions for reducing VI were proposed

in the end.
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Materials and methods

Study population, sample and data collection

This cross-sectional study was conducted from November 2015 to March 2017 on a Chinese

population living in Tianjin, a developed municipality in Northern China. The rural districts

included Wuqing, Binhai New District, Jizhou and Jinghai, which are located in the western-

most, easternmost, northernmost and southernmost parts of Tianjin, respectively.

All the participants of this survey were recruited in October 2015. We conducted multistage

cluster sampling with persons of all age groups in the selected districts. We divided all ages

into three groups (ranges: 1–6, 7–15,�16 years). The division of age groups was based on Chi-

nese criteria, which define people aged 0 to 6 as preschoolers, people aged 7 to 15 as school-

aged children [20], and people aged 16 and above as adults. There was no evidence within the

same study setting in which we should consider estimating the minimum sample size. Accord-

ing to data released by the China Disabled Persons Federation (CDPF), we estimated that the

expected prevalence of VI in developed rural areas of Tianjin is 4%. Based on the formula of

simple random sampling, we calculated the sample size for each age group, with a 95% confi-

dence interval (CI), an allowable error bound of 20% and a 10% non-response rate. A sample

size of 5,122 individuals was calculated for each age group, and the required sample size of all

age groups was ultimately estimated at 15,366. When choosing clusters, 10 clusters were ran-

domly selected for each district, with a probability proportionate to size and the systematic

random sampling method. Sampling within each cluster considered reasonable proportions of

age and sex, and continued until at least 384 individuals had entered the study, resulting in a

sample size of approximately 3,842 for each district.

SES and demographic characteristics were measured by a well-designed questionnaire (See

S1 and S2 Appendices). The questionnaire included 11 questions covering demographic data,

SES data, medical history and lifestyle information. The order of questions was such that indi-

viduals were asked about age, sex and address first, and subsequently marital status, education

level, occupation and income level. They were next asked about their relevant ocular and med-

ical histories, frequency of reading and doing physical exercise, and whether they partake in

living habits such as smoking, drinking and staying up late. In order to assess its applicability,

the questionnaire had been tested with a pilot sample of 20 people prior to data collection.

Health workers asked the participants questions and controlled the validity of answers. To

improve the accuracy and effectiveness of the data, the health workers studied relevant proto-

cols and were trained about interview methods before data collection.

In order to collect eye examination data, senior ophthalmologists visited all participants

and identified visual acuity and lens status through a tumbling E chart and a direct ophthalmo-

scope. For children under 5 years old, HOTV cards were used and appropriate visual acuity

equivalents were recorded for analysis. Regardless, presenting visual acuity (PVA) was

recorded for each participant. Subsequently, for the participants with PVA of less than 6/18 in

either eye, an ophthalmologist performed slit-lamp biomicroscopy and direct ophthalmoscopy

through a dilated pupil. The main causes of VI were identified by the ophthalmologists and

recorded on the customised form listed on the back of the questionnaires. We had access to

information that could identify individual participants after data collection.

Definitions

In this study, the definition of VI was based on that of the World Health Organization (WHO)

and was reported based on best corrected PVA in the better eye. VI included blindness and

low vision. Blindness was defined as PVA of less than 3/60 in the better eye. Moreover,
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blindness could be further divided into two categories: profound visual impairment (PVI) (12/

600�PVA<3/60) and near total blindness (NTB) (PVA<12/600). Low vision was defined as

PVA between 3/60 and 6/18. Low vision could also be further divided into two categories:

severe visual impairment (SVI) (3/60�PVA<6/60) and moderate visual impairment (MVI)

(6/60�PVA<6/18).

Variables

Table 1 shows the definitions and values of all the variables. The outcome variable of interest

was VI. Based on the definitions of VI mentioned above, we scored VI from 0 to 4 according

to best corrected PVA in the better eye. Specifically, participants with PVA<12/600 were

defined as NTB, and we scored their VI as 4; participants with 12/600�PVA<3/60 were

defined as PVI, and we scored their VI as 3; participants with 3/60�PVA<6/60 were defined

as SVI, and we scored their VI as 2; participants with 6/60�PVA<6/18 were defined as MVI,

and we scored their VI as 1; all other participants were defined as NVI, and we scored their VI

as 0.

In terms of independent variables, this study mainly included three categories. The first cat-

egory comprised demographic factors, including age (ranges: 1–6, 7–15,�16 years) and sex

(male, female). The second category comprised SES factors. Given that education and income

are the most commonly studied determinants of SES in all literatures [21,22], we used educa-

tion level (average years of studies according to different education levels, including no studies,

primary, junior, senior, university and above) and income level (per capita household income

Table 1. Definitions and values of variables.

Variables Definition Value

VI VI was scored from 0 to 4 according to best

corrected PVA in the better eye.

0 = NVI (PVA�6/18), 1 = MVI (6/60�PVA<6/18), 2 = SVI (3/60�PVA<6/60), 3 = PVI (12/

600�PVA<3/60) and 4 = NTB (PVA<12/600)

Age Age when filling out the questionnaire Range from 1 to 94 years

Sex Male or female 0 = Male, 1 = Female

District The district of the participant’s address 0 = Wuqing, 1 = Binhai New District, 2 = Jixian, 3 = Jinghai

Education Level Average years of studies according to education

level

0 = No studies, 4 = Primary, 8 = Junior, 11 = Senior, 15 = University and above

Income Level Per capita household income per month reported in

five categories

0 = No income, 1 = Up to 1,000 yuan, 2 = 1,000–2,000 yuan, 3 = 2,000–5,000 yuan, 4 = More

than 5,000 yuan

Medical

Histories

Hypertension Whether the participant had ever had hypertension 0 = No, 1 = Yes

Diabetes Whether the participant had ever had diabetes 0 = No, 1 = Yes

Cardiopathy Whether the participant had ever had cardiopathy 0 = No, 1 = Yes

CT Whether the participant had ever had CT 0 = No, 1 = Yes

Tumour Whether the participant had ever had tumour 0 = No, 1 = Yes

Lifestyles

Smoking Whether the participant smoke 0 = No, 1 = Yes

Drinking Whether the participant drink alcohol 0 = No, 1 = Yes

Staying up

Late

Whether the participant often stay up late 0 = No, 1 = Yes

Reading Frequency of reading 0 = Never, 1 = Every week, 2 = Less than 1h/day, 3 = 1-2h/day, 4 = More than 2h/day

Exercise Frequency of exercising 1 = Less than 1h/day, 2 = 1-2h/day, 3 = More than 2h/day

CT, Cerebral trauma; MVI, Moderate visual impairment; NTB, Near total blindness; NVI, No visual impairment; PVA, Presenting visual acuity; PVI, Profound visual

impairment; SVI, Severe visual impairment; VI, Visual impairment.

https://doi.org/10.1371/journal.pone.0215329.t001
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per month: no income, up to 1,000 yuan, between 1,000 and 2,000 yuan, between 2,000 and

5,000 yuan, more than 5,000 yuan) as the proxy variables of SES. The income groups were

roughly divided by reference to the data on per capita monthly disposable income from 2015

to 2017. Since our study focused on the developed rural area in China and was conducted in

Tianjin, we mainly referred to the data on per capita monthly disposable income of rural

households in Tianjin (1,540 yuan in 2015, 1,673 yuan in 2016 and 1,813 yuan in 2017) and

national average (990 yuan in 2015, 1,073 yuan in 2016 and 1,167 yuan in 2017), with all the

data between 1,000 yuan and 2,000 yuan [23]. To make the division of income groups in line

with the situation in developed rural area in China, and to ensure a reasonable distribution of

samples across all possible income groups, we also referred to the data of urban households,

data of urban and rural households, and data of other provinces in China, which helped us set

a third threshold of 5,000 (See S2 Table). The third category of independent variables is medi-

cal history, including hypertension, diabetes, cardiopathy, cerebral trauma (CT) and tumour.

To explore the mediating effects of lifestyles, we also considered independent variables of

lifestyle, including smoking, drinking, staying up late, reading (never, every week, less than 1h

every day, between 1h and 2h every day, more than 2h every day) and exercising (less than 1h

every day, between 1h and 2h every day, more than 2h every day).

Statistical analysis

Descriptive analysis of the distribution of VI was based on all participants, and was conducted

through the calculation of frequencies and ratios. To determine whether statistically significant

differences (p<0.05) exist between VI and demographic, SES, medical history and lifestyle fac-

tors, the χ2 test was then undertaken.

In order to investigate whether lifestyles play mediating roles between SES and VI, a step-

wise regression method was conducted. Multivariable logistic and ordinal logistic regression

were used contingent on different types of dependent variables in each regression. According

to the stepwise regression method proposed by Baron and Kenny, we had to measure the effect

of SES on VI in the first step [24]. We regressed SES variables on VI, controlling for demo-

graphic and medical history variables. In the second step, to measure the effect of SES on each

lifestyle, we regressed SES variables on each lifestyle variable, controlling for demographic and

medical history variables. Among the 5 regressions in this step, only those with statistically sig-

nificant SES variables meant that the corresponding lifestyle variables might play mediating

roles and were worthy of being researched in depth. Therefore, in the third step, we regressed

SES variables and the selected lifestyle variables on VI, controlling for demographic and medi-

cal history variables. Through analysing the significance level of lifestyle variables, we were

ultimately able to ascertain which lifestyles play mediating roles between SES and VI. Robust

SEs were used to account for the clustering of individuals within each district. In addition,

given that preschool-aged children may receive little education, and most school-aged children

may continue to receive education and have no income, we undertook an additional subgroup

analysis restricted to those participants who were 16 years old and above. Statistical analyses

were performed using Stata version 14.0 (Stata Corp, College Station, Texas, USA).

Ethical issues

The study adhered to the tenets of the Declaration of Helsinki and was approved by the Ethics

Committee of Tianjin Medical University of Medical Science. Prior to the enrollment, the

goals, importance and procedures of the study were conveyed to all participants through

designed forms, and written informed consent was obtained from everybody. The privacy and

confidentiality of all participants were secured.
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Results

Table 2 displays the number of participants, distribution of demographic, SES, medical history

and lifestyle indicators of all participants, and people with VI or no visual impairment (NVI).

Of a total of 15,368 participants in the four districts, 12,233 were included for final analysis

having excluded those with unknown outcomes and incomplete questionnaires (response rate:

79.60%). The age of participants averaged 34.61 years and ranged from 1 to 94 years. The

majority of participants were male (50.95%), while the majority of people with VI were female

(63.23%). Most participants had a low education level and income level, of whom 4,267 partici-

pants (34.88%) were at primary education level and 7,126 participants (58.25%) had monthly

incomes below 1,000 yuan. Among all medical histories, hypertension, diabetes and cardiopa-

thy were mentioned most frequently. Specifically, 1,640 participants (13.41%) had hyperten-

sion, 854 participants (6.98%) had diabetes, and 483 participants (3.95%) had cardiopathy.

Among all participants, a total of 11,923 (97.47%) had NVI, 293 (2.40%) had low vision, and

17 (0.14%) were blind.

Severity of visual impairment according to demographic factors, socio-

economic status, medical history and lifestyle

To more specifically analyse the relationship between SES and severity of VI, we further classi-

fied the 310 participants with VI into four levels. Of the participants with low vision, 261

(89.08%) had MVI and 32 (10.92%) had SVI. Of the participants who were blind, 9 (52.94%)

had PVI and 8 (47.06%) had NTB.

Table 3 shows the distribution of demographic, SES, medical history and lifestyle variables

among the participants in four VI levels. The distribution of age, sex, education level, income

level, medical histories (hypertension, diabetes, cardiopathy, CT and tumour) and lifestyles

(smoking, drinking, staying up late, reading and exercise) differed considerably among the

four VI levels (all P<0.01), which means that all of the above factors were significantly associ-

ated with VI.

Socio-economic status and visual impairment

Even if we can make a preliminary judgment regarding the impact of SES and lifestyles on VI

from the results of Table 3, we are currently unable to identify the specific effects of SES on VI,

and whether lifestyle factors play mediating roles between SES and VI. Therefore, we under-

took a stepwise regression method for further analysis. In the first step, to measure the effect of

SES on VI, we regressed SES variables on VI using ordinal logistic regression, with demo-

graphic and medical history variables controlled. Table 4 presents the effects of demographic

factors, SES and medical history on VI. Specifically, the risk of a female having VI was 1.33

times that of a male at a 1% significance level. For each additional year of age, the risk of VI

increasing by one level significantly increased by 0.09 times (P<0.01). However, for each addi-

tional level of education and income, the risk of VI increasing by one level significantly

decreased by 0.16 times and 0.46 times, respectively (P<0.01). As regards medical histories,

the risks of VI in participants with hypertension, diabetes, CT and tumour were respectively

1.20, 1.20, 1.36 and 2.28 times those of the participants without the above medical histories

(P<0.1).

To ensure the robustness of the above results, we undertook an additional subgroup analy-

sis restricted to participants who were 16 years old and above. The results of the subgroup

analysis were basically consistent with the conclusions of the full sample analysis. Therefore,
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Table 2. Distribution of demographic, socio-economic status, medical history and lifestyle variables among all participants and people with or without visual

impairment.

Variables Total† NVI† VI†

n = 12,233(%) n = 11,923(%) n = 310(%)

Age (years)

1–6 943(7.71) 943(7.91) 0(0)

7–15 3,449(28.19) 3,443(28.88) 6(1.94)

�16 7,841(64.10) 7,537(63.21) 304(98.06)

Sex

Male 6,233(50.95) 6,119(51.32) 114(36.77)

Female 6,000(49.05) 5,804(48.68) 196(63.23)

District

Wuqing 2,466(20.16) 2,459(20.62) 7(2.26)

Binhai 3,894(31.83) 3,729(31.28) 165(53.23)

Jixian 2,852(23.31) 2,769(23.22) 83(26.77)

Jinghai 3,021(24.70) 2,966(24.88) 55(17.74)

Education Level

No Studies 1,596(13.05) 1,517(12.72) 79(25.48)

Primary 4,267(34.88) 4,117(34.53) 150(48.39)

Junior 2,576(21.06) 2,537(21.28) 39(12.58)

Senior 2,398(19.60) 2,376(19.93) 22(7.10)

University & Above 1,396(11.41) 1,376(11.54) 20(6.45)

Income Level

No Income 5,315(43.45) 5,227(43.84) 88(28.39)

Up to 1,000 yuan 1,811(14.80) 1,663(13.95) 148(47.74)

1,000–2,000 yuan 1,491(12.19) 1,466(12.30) 25(8.06)

2,000–5,000 yuan 2,390(19.54) 2,356(19.76) 34(10.97)

More than 5,000 yuan 1,226(10.02) 1,211(10.16) 15(4.84)

Medical History

Hypertension 1,640(13.41) 1,506(12.63) 134(43.23)

Diabetes 854(6.98) 779(6.53) 75(24.19)

Cardiopathy 483(3.95) 429(3.60) 54(17.42)

CT 34(0.28) 29(0.24) 5(1.61)

Tumour 106(0.87) 92(0.77) 14(4.52)

Lifestyles

Smoking 1,154(9.43) 1,099(9.22) 55(17.74)

Drinking 873(7.14) 828(6.94) 45(14.52)

Staying up Late 2,085(17.04) 2,057(17.25) 28(9.03)

Reading

Never 1,627(13.30) 1,600(13.42) 27(8.71)

Every Week 3,511(28.70) 3,377(28.32) 134(43.23)

<1h/day 2,553(20.87) 2,457(20.61) 96(30.97)

1-2h/day 4,490(36.70) 4,438(37.22) 52(16.77)

>2h/day 52(0.43) 51(0.43) 1(0.32)

Exercise

<1h/day 4,013(32.80) 3,782(31.72) 231(74.52)

1-2h/day 4,098(33.50) 4,053(33.99) 45(14.52)

>2h/day 4,122(33.70) 4,088(34.29) 34(10.97)

CT, Cerebral trauma; NVI, No visual impairment; VI, Visual impairment.
†Counts and percentages are presented unless otherwise stated.

https://doi.org/10.1371/journal.pone.0215329.t002
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we concluded that increased VI was significantly associated with decreased education level

and decreased income level.

Table 3. Distribution of demographic, socio-economic status, medical history and lifestyle variables stratified by the severity of visual impairment.

Variables Total VI†

n = 310(%)

MVI†

n = 261(%)

SVI†

n = 32(%)

PVI†

n = 9(%)

NTB†

n = 8(%)

χ2 P Value‡

Age(years) 704.75 0.000

1–6 0(0) 0(0) 0(0) 0(0) 0(0)

7–15 6(1.94) 6(2.30) 0(0) 0(0) 0(0)

�16 304(98.06) 255(97.70) 32(100.0) 9(100.0) 8(100.0)

Sex 27.36 0.000

Male 114(36.77) 98(37.55) 10(31.25) 2(22.22) 4(50.00)

Female 196(63.23) 163(62.45) 22(68.75) 7(77.78) 4(50.00)

Education Level 109.35 0.000

No Studies 79(25.48) 69(26.44) 8(25.00) 0(0) 2(25.00)

Primary 150(48.39) 119(45.59) 19(59.38) 6(66.67) 6(75.00)

Junior 39(12.58) 35(13.41) 2(6.25) 2(22.22) 0(0)

Senior 22(7.10) 19(7.28) 2(6.25) 1(11.11) 0(0)

University & Above 20(6.45) 19(7.28) 1(3.13) 0(0) 0(0)

Income Level 286.04 0.000

No Income 88(28.39) 77(29.50) 8(25.00) 1(11.11) 2(25.00)

Up to 1,000 yuan 148(47.74) 118(45.21) 18(56.25) 6(66.67) 6(75.00)

1,000–2,000 yuan 25(8.06) 22(8.43) 2(6.25) 1(11.11) 0(0)

2,000–5,000 yuan 34(10.97) 30(11.49) 3(9.38) 1(11.11) 0(0)

More than 5,000 yuan 15(4.84) 14(5.36) 1(3.13) 0(0) 0(0)

Medical History

Hypertension 134(43.23) 109(41.76) 16(50.00) 5(55.56) 4(50.00) 246.86 0.000

Diabetes 75(24.19) 64(24.52) 7(21.88) 3(33.33) 1(12.50) 148.26 0.000

Cardiopathy 54(17.42) 45(17.24) 6(18.75) 1(11.11) 2(25.00) 154.52 0.000

CT 5(1.61) 3(1.15) 1(3.13) 0(0) 1(12.50) 60.17 0.000

Tumour 14(4.52) 14(5.36) 0(0) 0(0) 0(0) 63.14 0.000

Lifestyles

Smoking 55(17.74) 49(18.77) 3(9.38) 2(22.22) 1(12.50) 29.11 0.000

Drinking 45(14.52) 39(14.94) 5(15.63) 1(11.11) 0(0) 28.97 0.000

Staying up Late 28(9.03) 22(8.43) 3(9.38) 2(22.22) 1(12.50) 15.68 0.003

Reading 117.39 0.000

Never 27(8.71) 20(7.66) 6(18.75) 0(0) 1(12.50)

Every Week 134(43.23) 129(49.43) 4(12.50) 0(0) 1(12.50)

<1h/day 96(30.97) 72(27.59) 15(46.88) 6(66.67) 3(37.50)

1-2h/day 52(16.77) 39(14.94) 7(21.88) 3(33.33) 3(37.50)

>2h/day 1(0.32) 1(0.38) 0(0) 0(0) 0(0)

Exercise 259.55 0.000

<1h/day 231(74.52) 198(75.86) 19(59.38) 8(88.89) 6(75.00)

1-2h/day 45(14.52) 40(15.33) 3(9.38) 1(11.11) 1(12.50)

>2h/day 34(10.97) 23(8.81) 10(31.25) 0(0) 1(12.50)

CT, Cerebral trauma; MVI, Moderate visual impairment; NTB, Near total blindness; PVI, Profound visual impairment; SVI, Severe visual impairment; VI, Visual

impairment.
†Counts and percentages are presented unless otherwise stated.
‡P Value was based on Pearson χ2 test.

https://doi.org/10.1371/journal.pone.0215329.t003
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Socio-economic status and lifestyle

In the second step, to measure the effect of SES on different lifestyles, we regressed SES vari-

ables on each lifestyle variable, using either multivariable logistic or ordinal logistic regression

contingent on the type of dependent variable in each regression, with demographic and medi-

cal history variables controlled. Table 5 shows the effects of SES on lifestyle. Full sample analy-

sis indicated that the risk of staying up late significantly decreased with increasing level of

education (odds ratio [OR]<1, P<0.01), and the risk of smoking and drinking significantly

rose with increasing level of income (OR>1, P<0.01). Given that both education level and

income level were defined as SES factors, we concluded that SES had significant impacts on

smoking, drinking and staying up late.

However, the results of the subgroup analysis were not exactly the same. The risk of smok-

ing, drinking and exercising significantly rose with increasing level of income (OR>1,

P<0.05), while the risk of reading was significantly inversely associated with increasing level of

income (OR<1, P<0.01). Moreover, education level was demonstrated to have no significant

impact on any lifestyle variables. Therefore, among participants aged�16, we could conclude

that SES had significant impacts on smoking, drinking, reading and exercising.

Mediating effect of lifestyles between socio-economic status and visual

impairment

From the previous step, only the lifestyles that demonstrated a significant association with SES

may play mediating roles between SES and VI. Therefore, in the third step, to measure the

Table 4. Effects of demographic factors, socio-economic status and medical history on visual impairment.

Variables All Participants Age�16

Adjusted OR^ 95% CI Adjusted OR^ 95% CI

Sex†

Male 1 [Reference] 1 [Reference]

Female 1.33��� 1.08–1.63 1.31�� 1.04–1.65

Age (years) 1.09��� 1.07–1.11 1.09��� 1.07–1.11

Education Level†

No Studies 1 [Reference] 1 [Reference]

Increasing Education Level 0.84��� 0.75–0.95 0.86��� 0.78–0.96

Income Level†

No Income 1 [Reference] 1 [Reference]

Increasing Income Level 0.54��� 0.39–0.76 0.59��� 0.43–0.80

Medical Histories

Hypertension 1.20��� 1.15–1.25 1.20��� 1.15–1.24

Diabetes 1.20�� 1.03–1.40 1.20�� 1.03–1.40

Cardiopathy 0.98 0.50–1.90 0.98 0.50–1.91

CT 1.36� 0.97–1.90 1.36� 0.96–1.93

Tumour 2.28��� 1.89–2.75 2.28��� 1.89–2.74

CI, Confidence interval; CT, Cerebral trauma; OR, Odds ratio.
^Ordinal logistic regression adjusted for age, sex, education level, income level and medical histories.
†Reference categories of variables (Sex, Education Level and Income Level) are Male, No Studies and No Income, respectively.

� P<0.1

�� P<0.05

��� P<0.01.

https://doi.org/10.1371/journal.pone.0215329.t004
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mediating effect of lifestyles, we regressed SES variables and the selected lifestyle variables on

VI using ordinal logistic regression, with demographic and medical history variables con-

trolled. Table 6 presents the effects of demographic factors, SES, medical history and lifestyles

on VI for both the full sample and the subsample. Furthermore, the results of step 1 were also

shown for convenient comparison. The results of demographic factors, SES and medical histo-

ries in step 3 were basically consistent with those in step 1. In particular, increased VI showed

significant correlations with decreased education level and decreased income level (OR<1,

P<0.01).

When considering the full sample, the risk of VI in participants who smoke and drink were

respectively 1.55 and 1.36 times that of the participants without these lifestyles. However, the

subgroup analysis showed that in addition to smoking and drinking, reading and exercising

also had significant effects on VI. Firstly, the risk of VI in the participants who read every week

was 2.07 times that of the participants who had no reading (OR>1, P<0.01). Although weekly

reading was shown to increase the risk of VI, higher frequencies of reading were shown to

have no significant effect on VI. This result might be due to the characteristics of the study

sample’s lifestyle. As shown in Table 3, only 54 participants read for 1–2 hours every day

(16.77%) and 1 participant read for more than 2 hours every day (0.32%). Since the sample

Table 5. Effects of socio-economic status on lifestyle.

Adjusted OR (95% IC)^ - All Participants

Variables Smokinga Drinkingb Staying up Latec Readingd Exercisee

Education Level†

No Studies 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Increasing Education Level 0.99

(0.96–1.02)

0.99

(0.95–1.03)

0.81���

(0.79–0.84)

0.94

(0.76–1.15)

0.93

(0.78–1.11)

Income Level†

No Income 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Increasing Income Level 1.60���

(1.46–1.77)

1.52���

(1.30–1.78)

0.97

(0.70–1.34)

0.73

(0.44–1.20)

0.78

(0.47–1.30)

Adjusted OR (95% IC)^ - Age�16

Variables Smoking Drinking Staying up Late Reading Exercise

Education Level

No Studies 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Increasing Education Level 1.03

(0.96–1.10)

1.02

(0.99–1.05)

1.03

(0.99–1.07)

0.95

(0.90–1.01)

1.03

(0.95–1.12)

Income Level

No Income 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Increasing Income Level 1.29���

(1.19–1.40)

1.30���

(1.09–1.54)

1.05

(0.89–1.24)

0.85���

(0.78–0.94)

1.13��

(1.00–1.26)

CI, Confidence interval; OR, Odds ratio.
aLogistic regression with reference category (not smoking).
bLogistic regression with reference category (not drinking).
cLogistic regression with reference category (not staying up late).
dOrdinal logistic regression—5 categories of frequency at which participants read.
eOrdinal logistic regression—3 categories of frequency at which participants exercise.
^All estimates were adjusted for age, sex, medical histories, education level and income level.
†Reference categories of variables (Education Level and Income Level) are No Studies and No Income, respectively.

�� P<0.05

��� P<0.01.

https://doi.org/10.1371/journal.pone.0215329.t005
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Table 6. Mediating role of lifestyles between socio-economic status and visual impairment.

Variables VI-Adjusted OR (95% CI)^

All Participants Age�16

Step 1 Step 3 Step 1 Step 3

Sex†

Male 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Female 1.33���

(1.08 to 1.63)

1.36���

(1.11–1.66)

1.31��

(1.04 to 1.65)

1.36��

(1.07–1.73)

Age (years) 1.09���

(1.07 to 1.11)

1.09���

(1.07–1.11)

1.09���

(1.07 to 1.11)

1.09���

(1.07–1.11)

Education Level†

No Studies 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Increasing Education Level 0.84���

(0.75 to 0.95)

0.83���

(0.75–0.94)

0.86���

(0.78 to 0.96)

0.85���

(0.77–0.94)

Income Level†

No Income 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Increasing Income Level 0.54���

(0.39 to 0.76)

0.53���

(0.38–0.74)

0.59���

(0.43 to 0.80)

0.56���

(0.40–0.79)

Medical Histories

Hypertension 1.20���

(1.15 to 1.25)

1.19���

(1.15–1.23)

1.20���

(1.15 to 1.24)

1.15��

(1.02–1.30)

Diabetes 1.20��

(1.03 to 1.40)

1.21���

(1.05–1.40)

1.20��

(1.03 to 1.40)

1.20���

(1.11–1.29)

Cardiopathy 0.98

(0.50 to 1.89)

0.97

(0.49–1.92)

0.98

(0.50 to 1.91)

1.00

(0.51–1.95)

CT 1.36�

(0.97 to 1.90)

1.49��

(1.06–2.09)

1.36�

(0.96 to 1.93)

1.89��

(1.04–3.41)

Tumour 2.28���

(1.89 to 2.75)

2.34���

(1.92–2.86)

2.28���

(1.89 to 2.74)

2.27���

(1.79–2.90)

Lifestyles

Smoking 1.55���

(1.31–1.83)

1.27�

(0.99–1.63)

Drinking 1.36��

(1.06–1.74)

1.39��

(1.08–1.80)

Staying up Late 1.17

(0.84–1.62)

Reading†

Never 1 [Reference]

Every Week 2.07���

(1.53–2.82)

<1h/day 1.05

(0.70–1.58)

1-2h/day 1.09

(0.37–3.19)

>2h/day 0.77

(0.18–3.36)

Exercise†

<1h/day 1 [Reference]

1-2h/day 0.79

(0.41–1.54)

(Continued)
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with higher frequencies of reading was too small, it was very likely to make the results statisti-

cally insignificant. Secondly, the risk of VI in the participants who exercised more than two

hours every day was 0.39 times that of the participants who exercised less than one hour every

day (OR<1, P<0.1), which means that exercising with higher frequency could significantly

reduce the risk of VI. Therefore, we were able to broadly conclude that smoking, drinking,

reading and exercising play mediating roles between SES and VI.

Discussion

In this large sample of participants in developed rural areas of China, we investigated the asso-

ciation of SES and VI, as well as the mediating role of lifestyles. We found that VI is associated

with several key demographic (including age and sex), SES (including educational level and

income level) and medical history factors, with a trend across the severity of VI. Moreover, sev-

eral lifestyles were demonstrated to have mediating effects between SES and VI. In addition, all

of the above results were generally consistent with the results of subgroup analysis (partici-

pants excluding preschoolers and school-aged children), without substantial differences.

Of the 12,233 participants analysed, 310 (0.25%) had VI, which may be lower than the prev-

alence rate in some other studies [25,26]. Importantly, the prevalence of VI is not officially

reported and precisely known around the world, and relevant research remains insufficient

[11]. Our rate of people with VI is relatively low for the following possible reasons. First, few

studies have targeted all age groups, and most previous surveys have used older people as the

sample [27]. Given that older people are more likely to have eye problems, the prevalence of

VI in such studies is higher than the rate in this study. Second, our sample is not a random

subsample of the population in China, hence we cannot interpret frequency and distribution

as prevalence. Thus, the frequency of VI may be lower than expected owing to the non-ran-

dom selection of participants for geographical convenience [28–33]. Third, in our study, VI

was strictly defined in accordance with the WHO. However, some studies have used different

definitions of VI, restricting the comparability of results [11]. Nevertheless, given that conve-

nience sampling was used, people with VI could be more likely to participate in our study,

reducing our underestimation of VI to some extent.

Our study found that older people had a higher risk of VI. As previous studies have already

proved, older people have more eye problems due to their overall poorer physical function

[34]. Moreover, older people may be more likely to relate their vision capacity to their age and

Table 6. (Continued)

Variables VI-Adjusted OR (95% CI)^

All Participants Age�16

Step 1 Step 3 Step 1 Step 3

>2h/day 0.39�

(0.15–1.00)

CI, Confidence interval; CT, Cerebral trauma; OR, Odds ratio.
^Ordinal logistic regression adjusted for age, sex, education level, income level and medical histories.
†Reference categories of variables (Sex, Education Level, Income Level, Reading and Exercise) are Male, No Studies, No Income, Never Reading and Exercise Less than

1h/day, respectively.

� P<0.1

�� P<0.05

��� P<0.01.

https://doi.org/10.1371/journal.pone.0215329.t006
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believe that no effective treatment exists, preventing them from receiving treatment and thus

increasing their risk of VI, as well as the severity of VI [35].

Females’ higher risk of having VI in our study has also been reported in prior studies [36–

38]. Moreover, some studies focusing on children in China and Turkey have also found the

prevalence of VI to be higher in girls [39,40]. Pi et al. have argued that females are usually at

greater risk of having VI owing to inequitable distribution among the population, females’

lower incomes and social status, as well as some other factors [20].

Our study found that people with hypertension, diabetes, CT and tumour were at greater

risk of having VI, as has been shown in other studies [41,42]. The reason is that diseases such

as hypertension, diabetes, CT and tumour are usually associated with poor glucose manage-

ment, lipids in the blood and poor overall physical condition, which have some adverse conse-

quences in terms of eye diseases. Thus, for people with diabetes or certain other chronic

diseases, the clinical guidelines recommend an examination including observation of the back

of eyes every 1 to 2 years even for those without known eye problems [43].

As two main proxy variables of SES, education level and income level were found to have

significant impacts on VI. The majority of previous studies have suggested that people with

lower levels of education are more prone to VI [13,44–47], which is consistent with the result

of this study. Possible reasons for this result include the following. Education affects people’s

visual health through a variety of different mechanisms, such as changing people’s lifestyle,

improving people’s ability to solve problems and changing people’s values. Besides, education

can promote people’s mental maturity and cultivate their ability to make money [48,49]. Some

studies also found that, compared with people with lower education level, people with higher

education level generally have more control over their lives and health even under intense

work stress [50]. All the reasons mentioned above make us believe that people with a higher

education level are usually more knowledgeable about eye care, and tend to pay more attention

to avoid activities which are harmful to visual health. In addition, our study found that people

with higher incomes had a lower risk of having VI, in line with previous studies [14,51–53].

Low-income populations tend to have less access to eye care services. Even if the availability

and affordability of eye care services increase, people with poor economic status continue to

utilise these services improperly and insufficiently [52].

Our study has also demonstrated that lifestyles including smoking, drinking, reading and

exercising play mediating roles between SES and VI. Previous studies have found that SES

often affects the physical health of individuals through a combination of lifestyle and psychoso-

cial factors. For example, people with lower SES are more likely to have higher rates of psycho-

logical stress and negative emotions, resulting in higher rates of smoking and drinking [54,55].

Similarly, we have noted the mediating effect of lifestyle when SES affects VI. First, nowadays,

people often need to read a lot in daily life and face more social interactions that require smok-

ing and drinking, while having less time available to exercise. However, people with higher

education levels can usually better control themselves since they are generally more aware of

the harms of smoking, excessive drinking and overusing eyes when reading, and the benefits

of exercising. As a result, through these combined lifestyle factors, a higher level of education

has a positive effect on their visual health. Second, people with higher incomes generally face

fewer life pressures and do not need to dispel negative emotions through smoking or drinking.

Moreover, their neighbourhood environments usually provide more infrastructure supportive

of healthy lifestyles, such as parks and exercise facilities [56,57]. Thus, through these lifestyle

factors, a higher income level can greatly reduce the risk of VI.

The finding that SES is significantly associated with VI is not new. However, to our knowl-

edge, this is the first study to explore the mediating role of lifestyles between SES and VI, with

certain policy implications. As opposed to previous studies that only attend to a particular age
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group such as the elderly or children, we have used all age groups in order to reach more gen-

eral conclusions. To ensure the robustness of our results, we have also undertaken an addi-

tional subgroup analysis restricted to participants aged 16 years and above. Moreover, unlike

some epidemiologic literatures on the visual health of adults, which principally identified

whether participants have VI (i.e., low vision and blindness), we broke VI down to four levels

based on the severity of VI and undertook more in-depth analysis through ordinal logistic

regression analysis. Finally, this study used samples from developed rural areas of China, in

response to a lack of relevant studies in China.

Although this study includes a large, representative and population-based design, it none-

theless has some notable limitations. First, we derived the results of our study using the cross-

sectional data in a survey from November 2015 to March 2017, which may not entirely reflect

other years. Second, due to the cross-sectional nature of this study, causal inferences cannot be

made with complete certainty. That is to say, we may not be able to determine whether people

with low SES levels are more likely to develop VI, or whether people with VI are more likely at

lower SES level limited by physical condition. Third, the findings from the participants of

developed rural areas of China might not be generalisable to all rural areas in China, due to dif-

ferences in local healthcare systems, prevalence of eye diseases and socio-economic develop-

ment in surrounding areas. Therefore, a large-scale study involving the populations of all rural

areas in China is required to confirm our conclusions from developed rural areas in China.

Fourth, the rationality of the questionnaire design and the reliability of the information col-

lected by questionnaires can be questioned, and the results of this investigation may not be

comparable with those of prior studies. Finally, the results of the association between SES and

VI, as well as the mediating effect of different lifestyles, may differ among people in different

age groups. Therefore, it is necessary to conduct more detailed studies with different age

groups in the future.

Conclusions

In conclusion, visual health was found to differ significantly among population groups with

varied demographic characteristics, SES and medical histories in developed rural areas of

China. VI is influenced by age, sex, the presence of some chronic diseases (include hyperten-

sion, diabetes, CT and tumour) and SES factors (i.e. education level and income level). Lifestyle

factors including smoking, drinking, reading and exercising play mediating roles between SES

and VI.

In light of the results from this study, some targeted public health interventions with the

aim of reducing VI should be developed. First, special health services for the early diagnosis,

treatment and improved follow-up of eyesight disorders among lower education and lower

income populations should be provided. Second, actions to increase the awareness of people

regarding the advantages and disadvantages of different lifestyles for visual health should be

taken. Finally, in developed rural areas of China, further treatment of the major eye diseases

that cause VI and some eye-specific strategies should be undertaken among people. For exam-

ple, targeted approaches to improve early detection, such as formal screening programmes,

could be put into practice. Specifically, metrics of SES factors could be included, and conse-

quently better results could be realised within treatment and visual rehabilitation protocols.

Supporting information

S1 Checklist. STROBE checklist.

(DOCX)

Socio-economic status, visual impairment and the mediating role of lifestyles

PLOS ONE | https://doi.org/10.1371/journal.pone.0215329 April 11, 2019 14 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215329.s001
https://doi.org/10.1371/journal.pone.0215329


S2 Checklist. PLOS ONE clinical studies checklist.

(DOCX)

S1 Table. Raw data.

(XLSX)

S2 Table. Income data.

(XLSX)

S1 Appendix. Questionnaire in original language.

(DOCX)

S2 Appendix. Questionnaire in English.

(DOCX)

Author Contributions

Conceptualization: Xiaochang Yan, Lu Chen, Hua Yan.

Data curation: Xiaochang Yan.

Formal analysis: Xiaochang Yan.

Funding acquisition: Hua Yan.

Investigation: Hua Yan.

Methodology: Xiaochang Yan, Lu Chen.

Project administration: Hua Yan.

Resources: Hua Yan.

Supervision: Lu Chen, Hua Yan.

Validation: Lu Chen, Hua Yan.

Visualization: Xiaochang Yan.

Writing – original draft: Xiaochang Yan.

Writing – review & editing: Xiaochang Yan, Lu Chen.

References

1. Nyman SR, Dibb B, Victor CR, et al. Emotional well-being and adjustment to vision loss in later life: A

meta-synthesis of qualitative studies. Disability & Rehabilitation. 2011; 34(12):971–81.

2. Wong AA, Brown RE. Prevention of vision loss protects against age-related impairment in learning and

memory performance in DBA/2J mice. Frontiers in Aging Neuroscience. 2013; 5(5):52.

3. Improving the nation’s vision health: a coordinated public health approach [Internet]. Centers for Dis-

eases Control and Prevention; c2018 [cited 2018 Oct 23]. Available from: https://www.cdc.gov/

visionhealth/pdf/improving_nations_vision_health_508_final.pdf.

4. Socio economic aspects of blindness and visual impairment [Internet]. World Health Organization

(WHO); c2018 [cited 2018 Oct 23]. Available from: http://www.who.int/blindness/economy/en/.

5. Dandona L, Dandona R, Srinivas M, Giridhar P, Vilas K, Prasad MN, et al. Blindness in the Indian state

of Andhra Pradesh. Invest Ophthalmol Vis Sci. 2001; 42(5):908–16. PMID: 11274066

6. Kovin Naidoo OD. Poverty and blindness in Africa. Clinical & Experimental Optometry. 2010; 90

(6):415–21.

7. Mcgavin DD. The global initiative for the elimination of avoidable blindness—vision 2020: The right to

sight. Community Eye Health. 1999; 12(30):32. PMID: 17491991

Socio-economic status, visual impairment and the mediating role of lifestyles

PLOS ONE | https://doi.org/10.1371/journal.pone.0215329 April 11, 2019 15 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215329.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215329.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215329.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215329.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215329.s006
https://www.cdc.gov/visionhealth/pdf/improving_nations_vision_health_508_final.pdf
https://www.cdc.gov/visionhealth/pdf/improving_nations_vision_health_508_final.pdf
http://www.who.int/blindness/economy/en/
http://www.ncbi.nlm.nih.gov/pubmed/11274066
http://www.ncbi.nlm.nih.gov/pubmed/17491991
https://doi.org/10.1371/journal.pone.0215329


8. Donatella P, Silvio PM. Global estimates of visual impairment: 2010. Br J Ophthalmol. 2012; 96

(5):614–8. https://doi.org/10.1136/bjophthalmol-2011-300539 PMID: 22133988

9. Abou-Gareeb I, Lewallen S, Bassett K, Courtright P. Gender and blindness: A meta-analysis of popula-

tion-based prevalence surveys. Ophthalmic Epidemiol. 2001; 8(1):39–56. PMID: 11262681

10. Earnest A, Ong ME, Shahidah N, Chan A, Wah W, Thumboo J. Derivation of indices of socioeconomic

status for health services research in Asia. Preventive Medicine Reports. 2015; 2:326–32. https://doi.

org/10.1016/j.pmedr.2015.04.018 PMID: 26844087

11. Stevens GA, White RA, Flaxman SR, Price H, Jonas JB, Keeffe J, et al. Global prevalence of vision

impairment and blindness: magnitude and temporal trends, 1990–2010. Ophthalmology. 2013; 120

(12):2377–84. https://doi.org/10.1016/j.ophtha.2013.05.025 PMID: 23850093

12. Ulldemolins AR, Lansingh VC, Valencia LG, Carter MJ, Eckert KA. Social inequalities in blindness and

visual impairment: A review of social determinants. Indian Journal of Ophthalmology. 2012; 60(5):368–

75. https://doi.org/10.4103/0301-4738.100529 PMID: 22944744

13. Tielsch JM, Sommer A, Katz J, Quigley H, Ezrine S. Socioeconomic status and visual impairment

among urban Americans. Baltimore Eye Survey Research Group. Arch Ophthalmol. 1991; 109:637–

41. PMID: 2025164

14. Klein R, Klein BEK, Jensen SC, Moss SE, Cruickshanks KJ. The relation of socioeconomic factors to

age-related cataract, maculopathy, and impaired vision: The Beaver Dam Eye Disease Study. Ophthal-

mology. 1994; 101:1969–79. PMID: 7997336

15. Zhuang J, Kanbur R, Rhee C. Rising inequality in Asia and policy implications. Ssrn Electronic Journal.

2014; 57:2077–84.

16. House JS. Understanding social factors and inequalities in health: 20th century progress and 21st cen-

tury prospects. Journal of Health & Social Behavior. 2002; 43(2):125–42.

17. Cockerham WC. Health lifestyles: Bringing structure back. In: Cockerham WC, editors. The new Black-

well companion to medical sociology. Blackwell: Willey; 2009. p. 159–83.

18. 13th five-year national eye health plan (2016–2020) [Internet]. National Health and Family Planning

Committee of China; c2018 [cited 2018 Oct 23]. Available from: http://ghs.ndrc.gov.cn/ghwb/gjjgh/

201707/t20170720_855022.html.

19. Healthy China 2030 planning outline [Internet]. CPC Central Committee and State Council of China;

c2018 [cited 2018 Oct 23]. Available from: http://www.gov.cn/zhengce/2016-10/25/content_5124174.

htm.

20. Pi LH, Chen L, Liu Q, Ke N, Fang J, Zhang S, et al. Prevalence of eye diseases and causes of visual

impairment in school-aged children in western China. Journal of Epidemiology. 2012; 22(1):37–44.

https://doi.org/10.2188/jea.JE20110063 PMID: 22123227

21. Grossman M. On the concept of health capital and the demand for health. Journal of Political Economy.

1972; 80(2):223–55.

22. Adler NE, Ostrove JM. Socioeconomic status and health: what we know and what we don’t. Annals of

the New York Academy of Sciences. 1999; 896(1):3–15.

23. National Bureau of Statistics of China. China Statistical Yearbook 2018. 1st ed. Beijing: China Statis-

tics Press; 2018.

24. Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research:

conceptual, strategic, and statistical consideration. Journal of Personality and Social Psychology. 1986;

51(6):1173–82. PMID: 3806354

25. Resnikoff S, Pascolini D, Etya’ale D, Kocur I, Pararajasegaram R, Pokharel GP, et al. Global data on

visual impairment in the year 2002. Bull World Health Organ. 2004; 82(11):844–51. PMID: 15640920

26. Giloyan A, Harutyunyan T, Petrosyan V. Visual impairment and depression among socially vulnerable

older adults in Armenia. Aging & Mental Health. 2015; 19(2):175–81.

27. Bourne R, Price H, Taylor H, Leasher J, Keeffe J, Glanville J, et al. New systematic review methodology

for visual impairment and blindness for the 2010 Global Burden of Disease study. Ophthalmic Epidemi-

ology. 2013; 20(1):33–9. https://doi.org/10.3109/09286586.2012.741279 PMID: 23350553

28. Taylor HR, Keeffe JE, Vu HT, Wang JJ, Rochtchina E, Pezzullo ML, et al. Vision loss in Australia. Medi-

cal Journal of Australia. 2005; 182(11):565–8. PMID: 15938683

29. Vitale S, Cotch MF, Sperduto RD. Prevalence of visual impairment in the United States. JAMA. 2006;

295(18):2158–63. https://doi.org/10.1001/jama.295.18.2158 PMID: 16684986

30. Rahi JS, Cumberland PM, Peckham CS. Visual function in working-age adults: Early life influences and

associations with health and social outcomes. Ophthalmology. 2009; 116(10):1866–71. https://doi.org/

10.1016/j.ophtha.2009.03.007 PMID: 19560208

Socio-economic status, visual impairment and the mediating role of lifestyles

PLOS ONE | https://doi.org/10.1371/journal.pone.0215329 April 11, 2019 16 / 18

https://doi.org/10.1136/bjophthalmol-2011-300539
http://www.ncbi.nlm.nih.gov/pubmed/22133988
http://www.ncbi.nlm.nih.gov/pubmed/11262681
https://doi.org/10.1016/j.pmedr.2015.04.018
https://doi.org/10.1016/j.pmedr.2015.04.018
http://www.ncbi.nlm.nih.gov/pubmed/26844087
https://doi.org/10.1016/j.ophtha.2013.05.025
http://www.ncbi.nlm.nih.gov/pubmed/23850093
https://doi.org/10.4103/0301-4738.100529
http://www.ncbi.nlm.nih.gov/pubmed/22944744
http://www.ncbi.nlm.nih.gov/pubmed/2025164
http://www.ncbi.nlm.nih.gov/pubmed/7997336
http://ghs.ndrc.gov.cn/ghwb/gjjgh/201707/t20170720_855022.html
http://ghs.ndrc.gov.cn/ghwb/gjjgh/201707/t20170720_855022.html
http://www.gov.cn/zhengce/2016-10/25/content_5124174.htm
http://www.gov.cn/zhengce/2016-10/25/content_5124174.htm
https://doi.org/10.2188/jea.JE20110063
http://www.ncbi.nlm.nih.gov/pubmed/22123227
http://www.ncbi.nlm.nih.gov/pubmed/3806354
http://www.ncbi.nlm.nih.gov/pubmed/15640920
https://doi.org/10.3109/09286586.2012.741279
http://www.ncbi.nlm.nih.gov/pubmed/23350553
http://www.ncbi.nlm.nih.gov/pubmed/15938683
https://doi.org/10.1001/jama.295.18.2158
http://www.ncbi.nlm.nih.gov/pubmed/16684986
https://doi.org/10.1016/j.ophtha.2009.03.007
https://doi.org/10.1016/j.ophtha.2009.03.007
http://www.ncbi.nlm.nih.gov/pubmed/19560208
https://doi.org/10.1371/journal.pone.0215329


31. Rahi JS, Cumberland PM, Peckham CS. Visual impairment and vision-related quality of life in working-

age adults: findings in the 1958 British birth cohort. Ophthalmology 2009; 116(2); 270–4. https://doi.

org/10.1016/j.ophtha.2008.09.018 PMID: 19091416

32. Chou CF, Frances CM, Vitale S, Zhang X, Klein R, Friedman DS, et al. Age-related eye diseases and

visual impairment among U.S. adults. American Journal of Preventive Medicine. 2013; 45(1):29–35.

https://doi.org/10.1016/j.amepre.2013.02.018 PMID: 23790986

33. Sherrod CE, Vitale S, Frick KD, Ramulu PY. Association of vision loss and work status in the United

States. Jama Ophthalmology. 2014; 132(10):1239–42. https://doi.org/10.1001/jamaophthalmol.2014.

2213 PMID: 25032668

34. Jin YP, Wong DT. Self-reported visual impairment in elderly Canadians and its impact on healthy living.

Can J Ophthalmol. 2008; 43(4):407–13. https://doi.org/10.3129/i08-077 PMID: 18711452

35. Ivers RQ, Mitchell P, Cumming RG. Visual function tests, eye disease and symptoms of visual disability:

A population-based assessment. Clinical and Experimental Ophthalmology. 2010; 28(1):41–7.

36. Bourne RR, Stevens GA, White RA, Smith JL, Flaxman SR, Price H, et al. Causes of vision loss world-

wide, 1990–2010: A systematic analysis. Lancet Global Health. 2013; 1(6):e339–49. https://doi.org/10.

1016/S2214-109X(13)70113-X PMID: 25104599

37. Stevens GA, White RA, Flaxman SR, Price H, Jonas JB, Keeffe J, et al. Global prevalence of vision

impairment and blindness: Magnitude and temporal trends, 1990–2010. Ophthalmology. 2013; 120

(12):2377–84. https://doi.org/10.1016/j.ophtha.2013.05.025 PMID: 23850093

38. Naidoo KS, Leasher J, Bourne RR, Flaxman SR, Jonas JB, Keeffe J, et al. Global vision impairment

and blindness due to uncorrected refractive error, 1990–2010. Optom Vis Sci. 2016; 93(3):227–34.

https://doi.org/10.1097/OPX.0000000000000796 PMID: 26905537

39. He J, Lu L, Zou H, He X, Li Q, Wang W, 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(1):1312.

40. Ertekin YH, Tekin M, Uludag A, Arikan S, Sahin EM. Vision screening in children: Is 7–9 years of age a

threshold for visual impairment? Pakistan Journal of Medical Sciences. 2016; 32(5):1194–8. https://doi.

org/10.12669/pjms.325.10367 PMID: 27882020

41. Bourne RR, Jonas JB, Flaxman SR, Keeffe J, Leasher J, Naidoo K, et al. Prevalence and causes of

vision loss in high-income countries and in Eastern and Central Europe: 1990–2010. Br J Ophthalmol.

2014; 98(5):629–38. https://doi.org/10.1136/bjophthalmol-2013-304033 PMID: 24665132

42. Wah W, Earnest A, Sabanayagam C, Cheng CY, Ong MEH, Wong TY, et al. Composite measures of

individual and area-level socio-economic status are associated with visual impairment in Singapore.

Plos One. 2015; 10(11):e0142302. https://doi.org/10.1371/journal.pone.0142302 PMID: 26555141

43. Guidelines for diabetic eye care 2017 [Internet]. International Council of Ophthalmology (ICO); c2018

[cited 2018 Oct 23]. Available from: http://www.icoph.org/resources.html.

44. MuñOz B, West SK, Rodriguez J, Sanchez R, Broman AT, Snyder R, et al. Blindness, visual impairment

and the problem of uncorrected refractive error in a Mexican-American population: Proyecto VER.

Invest Ophthalmol Vis Sci. 2002; 43(3):608–14. PMID: 11867574

45. Li L, Guan H, Xun P, Zhou J, Gu H. Prevalence and causes of visual impairment among the elderly in

Nantong, China. Eye (Lond). 2008; 22(8):1069–75.

46. Xu L, Wang YX, Jonas JB. Level of education associated with ophthalmic diseases. The Beijing eye

study. Graefes Arch Clin Exp Ophthalmol. 2010; 248(1):49–57. https://doi.org/10.1007/s00417-009-

1204-5 PMID: 19821117

47. Katibeh M, Rajavi Z, Yaseri M, Hosseini S, Hosseini S, Akbarian S, et al. Association of socio-economic

status and visual impairment: A population-based study in Iran. Archives of Iranian Medicine. 2017; 20

(1):43–8. PMID: 28112531

48. Winkleby MA, Fortmann SP, Barrett DC. Social class disparities in risk factors for disease: eight-year

prevalence patterns by level of education. Preventive Medicine. 1990; 19(1):1–12. PMID: 2320553

49. Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and health: how education,

income, and occupation contribute to risk factors for cardiovascular disease. American Journal of Public

Health. 1992; 82(6):816–20. PMID: 1585961

50. Ross CE, John M. Why education is the key to socioeconomic differentials in health. In: Bird C, Conrad

P, Fremont A, editors. Handbook of medical sociology, Sixth edition. Upper Saddle River, NJ: Prentice

Hall; 2010. p. 33–51.

51. Khanna R, Raman U, Rao GN. Blindness and poverty in India: the way forward. Clinical & Experimental

Optometry. 2010; 90(6):406–14.

Socio-economic status, visual impairment and the mediating role of lifestyles

PLOS ONE | https://doi.org/10.1371/journal.pone.0215329 April 11, 2019 17 / 18

https://doi.org/10.1016/j.ophtha.2008.09.018
https://doi.org/10.1016/j.ophtha.2008.09.018
http://www.ncbi.nlm.nih.gov/pubmed/19091416
https://doi.org/10.1016/j.amepre.2013.02.018
http://www.ncbi.nlm.nih.gov/pubmed/23790986
https://doi.org/10.1001/jamaophthalmol.2014.2213
https://doi.org/10.1001/jamaophthalmol.2014.2213
http://www.ncbi.nlm.nih.gov/pubmed/25032668
https://doi.org/10.3129/i08-077
http://www.ncbi.nlm.nih.gov/pubmed/18711452
https://doi.org/10.1016/S2214-109X(13)70113-X
https://doi.org/10.1016/S2214-109X(13)70113-X
http://www.ncbi.nlm.nih.gov/pubmed/25104599
https://doi.org/10.1016/j.ophtha.2013.05.025
http://www.ncbi.nlm.nih.gov/pubmed/23850093
https://doi.org/10.1097/OPX.0000000000000796
http://www.ncbi.nlm.nih.gov/pubmed/26905537
https://doi.org/10.12669/pjms.325.10367
https://doi.org/10.12669/pjms.325.10367
http://www.ncbi.nlm.nih.gov/pubmed/27882020
https://doi.org/10.1136/bjophthalmol-2013-304033
http://www.ncbi.nlm.nih.gov/pubmed/24665132
https://doi.org/10.1371/journal.pone.0142302
http://www.ncbi.nlm.nih.gov/pubmed/26555141
http://www.icoph.org/resources.html
http://www.ncbi.nlm.nih.gov/pubmed/11867574
https://doi.org/10.1007/s00417-009-1204-5
https://doi.org/10.1007/s00417-009-1204-5
http://www.ncbi.nlm.nih.gov/pubmed/19821117
http://www.ncbi.nlm.nih.gov/pubmed/28112531
http://www.ncbi.nlm.nih.gov/pubmed/2320553
http://www.ncbi.nlm.nih.gov/pubmed/1585961
https://doi.org/10.1371/journal.pone.0215329


52. Kessy JP, Lewallen S. Poverty as a barrier to accessing cataract surgery: A study from Tanzania. British

Journal of Ophthalmology. 2007; 91(9):1114–6. https://doi.org/10.1136/bjo.2006.112474 PMID:

17709583

53. Elam AR, Lee PP. High-risk populations for vision loss and eye care underutilization: A review of the lit-

erature and ideas on moving forward. Survey of Ophthalmology. 2013; 58(4):348–58. https://doi.org/

10.1016/j.survophthal.2012.07.005 PMID: 23664105

54. Marang-van de Mheen PJ, Smith GD, Hart CL. The health impact of smoking in manual and non-man-

ual social class men and women: A test of the Blaxter hypothesis. Social Science & Medicine. 1999; 48

(12):1851–6.

55. Warr D, Feldman P, Tacticos T, Kelaher M. Sources of stress in impoverished neighbourhoods: Insights

into links between neighbourhood environments and health. Australian & New Zealand Journal of Public

Health. 2009; 33(1):25–33.
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