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Abstract

Purpose

To study the relationship between outdoor activity and risk of age-related cataract (ARC) in
a rural population of Taizhou Eye Study (phrase 1 report).

Method

A population-based, cross-sectional study of 2006 eligible rural adults (>45 years old) from
Taizhou Eye Study was conducted from Jul. to Sep. 2012. Participants underwent detailed
ophthalmologic examinations including uncorrected visual acuity (UCVA), best corrected
visual acuity (BCVA), intraocular pressure (IOP), slit lamp and fundus examinations as well
as questionnaires about previous outdoor activity and sunlight protection methods. ARC
was recorded by LOCSIII classification system. The prevalence of cortical, nuclear and pos-
terior subcapsular cataract were assessed separately for the risk factors and its association
with outdoor activity.

Results

Of all 2006 eligible participants, 883 (44.0%) adults were diagnosed with ARC. The preva-
lence rates of cortical, nuclear and posterior subcapsular cataract per person were 41.4%,
30.4% and 1.5%, respectively. Women had a higher tendency of nuclear and cortical cata-
ract than men (OR = 1.559, 95% CI 1.204-2.019 and OR = 1.862, 95% CI 1.456-2.380,
respectively). Adults with high myopia had a higher prevalence of nuclear cataract than
adults without that (OR = 2.528, 95% CI 1.055-6.062). Multivariable logistic regression
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revealed that age was risk factor of nuclear (OR = 1.190, 95% CI 1.167-1.213) and cortical
(OR =1.203, 95% CI 1.181-1.226) cataract; eyes with fundus diseases was risk factor of
posterior subcapsular cataract (OR = 6.529, 95% CI 2.512-16.970). Outdoor activity was
an independent risk factor of cortical cataract (OR = 1.043, 95% CI 1.004—1.083). The risk
of cortical cataract increased 4.3% (95% CI 0.4%-8.3%) when outdoor activity time
increased every one hour. Furthermore, the risk of cortical cataract increased 1.1% (95% Cl
0.1%-2.0%) when cumulative UV-B exposure time increased every one year.

Conclusion

Outdoor activity was an independent risk factor for cortical cataract, but was not risk factor
for nuclear and posterior subcapsular cataract. The risk of cortical cataract increased 4.3%
when outdoor activity time increased every one hour. In addition, the risk of cortical cataract
increased 1.1% (95% CIl 0.1%-2.0%) when cumulative UV-B exposure time increased
every one year.

Introduction

Age-related cataract (ARC) remains the predominant cause of blindness all over the world,
especially in China, home to 1/5 of the world’s population[1,2]. The Beijing Eye Study showed
that the prevalence of cataract was 53.1% in adults >40 years old in China[3]. Cataract surgery
is the only effective treatment of cataract and still expensive in developing countries at present.
With the increasing aging population, the morbidity and burden of ARC is expected to
increase[4,5], which means heavier load to public health care. Therefore, it is very important to
study the risk factors and mechanisms of cataract and to carry out some prevention work by
epidemiologic method. However, so far in mainland China, most of the epidemiologic studies
stress more on the prevalence of ARC and cataract surgery[3,6,7,8,9,10]. Population-based epi-
demiologic studies focusing on risk factors of ARC in China are still rare when compared to
Unite States[11,12,13], Australia[14], Singapore[15,16] and Europe[17,18].

Although age is the most important risk factor of ARC, there are some other potential risk
factors that may influence the development of ARC including gender, smoking, sunlight expo-
sure, diabetes and drug intake[19]. However, the risk factors vary from different countries and
living environment. For example, sunlight exposure was proved to be significantly related to
cataract in some European studies[20,21], but no correlation was found in Beaver Dam Eye
Study[22]. Furthermore, the relationship between sunlight exposure and risk factor of cataract
has been seldom studied in mainland China. Therefore, we studied the association of outdoor
activity with risk factor of cortical, nuclear and posterior subcapsular cataract in a rural popula-
tion of Taizhou Eye Study, China. This report is an exploration of the relationship between out-
door activity as well as some other risk factors and ARC development.

Methods
Study Population

The population and data for this study were derived from the Taizhou Eye Study. The details
of the population and methods of Taizhou Eye Study have been previously described[23]. In
brief, Taizhou Eye Study is part of a large scaled prospective study called Taizhou Longitudinal
Study carried out from 2007[24]. For Taizhou Eye Study, it is an ongoing large-scale
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population based on prospective cohort study carried out from April 2012 in Taizhou City,
Jiangsu Province, middle-east part of China. Taizhou Eyes Study focuses primarily on the prev-
alence, incidence and risk factors of ARC and other age-related eye diseases. The total popula-
tion of this study was about 10,000 adults aged >45 years old. In this report, we randomly
selected 4 villages with a rural population of 2600 adults aged >45 years old. Of these individu-
als, 2006 eligible participants (77.2% response rate) finished the total procedure from Jul. to
Sep. 2012. Within one week prior to the baseline survey, related advertisement material were
distributed to every household of the aimed community by the study group. All participants
were self-identified Han Chinese (at least four generations were Han Chinese) and local resi-
dents for at least 10 years. This study adhered to the Declaration of Helsinki and was approved
by the Human Ethics Committee of School of Life Science of Fudan University. Consents in
written form were also obtained from all participants prior to participation.

Interview and Clinical Examination Procedure

At each examination site, participants were brought to the nearby village clinics or village
offices for general physical, detailed ophthalmic examinations and questionnaires on presched-
uled examination days. Those who failed to come to the examination site were revisited. Those
physically disabled and those who still failed to come to the examination site after second visit
were conducted an ocular examinations (using portable equipment) in their home at the end of
the work in every examination site.

The detailed examination procedure has been reported[23]. In brief, after registering of name,
ID, gender and age and some general examination (including heart rate, blood pressure, body mass
index, etc.), vein blood was collected for serological and genetic analysis in the future. Presenting
visual acuity (PV A, wearing present correction if any) was measured using a retro-illuminated loga-
rithm E chart with the minimum angle of resolution at a distance of 4 meters and at 1 meter for
those who failed to read the top line figures (20/200), as Zhao[25] et al. used in the Nine-Province
Eye Survey. When PVA was <20/40 in either eye, the best corrected visual acuity (BCVA) was
determined by subjective refraction without cycloplegia. Intraocular pressure was measurement by
Icare rebound tonometry (Icare TAO1i, Helsinki, Finland). A-scan (AL-3000, TOMEY, Tokyo,
Japan) was performed to measure the axial length (AL), central anterior chamber depth (ACD)
and lens thickness of all participates under topical anesthesia. The examinations were repeated if
the ophthalmologist considered the results unreliable. All of these ocular examinations were carried
out by 4 experienced technicians from Taizhou Eye Study Team. All of the eye technicians were
required to complete standardized ophthalmologic training and had certification to conduct the
eye examinations. The examination consistency was over 95% between different examiners.

Lens and ocular anterior segment examination were evaluated using a slit-lamp (Topcon
SL-8Z; Topcon, Inc., Tokyo, Japan) after dilation of the pupil to give the lens opacification rec-
ords of all residents. Fundus examination was carried out by +90 diopter (D) lens at X16 mag-
nification or direct ophthalmoscopy. Those who were under high risk of angle closure
glaucoma were examined only under small pupil situation. The lens and fundus examination
were carried out by one experienced ophthalmologist (Dr. Yating Tang) to make sure the con-
sistence of the results. Individuals with typical fundus diseases were taken fundus photos after
dilation of the pupil using Canon retinal camera system (CX1, Canon, Inc., Tokyo, Japan) by
one experienced ophthalmologist.

The face-to-face questionnaires interviews concerning economic situation, education level,
life habit, tobacco, alcohol and tea intake, activity hours outdoors, drug intake history and dis-
ease history and so on were administered by the study clerks using computers. Average daily
outdoor activity hours and some sunlight protection methods (sunglass, sun hat, sun umbrella
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or without any protection) were recorded to evaluated the sunlight exposure condition. For
quality control, the method of sampling, questionnaire design, training, physical examination,
laboratory examinations, and data management have been centralized and standardized[24].
General examinations and interviewer staff were required to complete standardized training
and to get certifications to conduct specific survey. All of the interviews were tape-recorded,
and about 5% of the tapes were used for interviewing quality evaluation. All examination and
questionnaires data were put into computer database on examination day. Computers were
used to check the reasonable responses throughout the whole examination process to identify
contradictory responses. Phase summary and statistical analysis was made to make sure the
data was accurate, consistent and standardized.

Grading of Cataract and Lens Opacities

Cataract were recorded using lens opacities classification system Il (LOCSIII)[26]. According

to LOCSIII, nuclear lens opacities were classified into 6 grades (NO1 NC1-NO6 NC6), cortical
lens opacities were classified into 5 grades (C1-C5) and posterior subcapsular cataract (PSC)

5 grades (P1-P5). A person with cataract was defined as any LOCS III grading of >2 in either eye
and lens opacities degree was compatible with visual impairment. Cortical cataract was defined
as LOCSIII>2 for cortical opacities, nuclear cataract as >2 for nuclear opacities or >2 for nuclear
color and subcapsular cataract as >2 for subcapsular opacities. Any cataract was defined as corti-
cal, nuclear or posterior subcapsular cataract or had cataract surgery in either eye. If one eye has
two or three types of cataract, for example, combined cortical and nuclear cataract, it will be
classified into cortical and nuclear cataract, respectively. One individual could be classified into
different groups of cataract types. Phakic status (phakic, pseudophakic or aphakic) of each eye
was recorded, respectively. In eyes where lens assessement was not available, reasons were also
recorded. If a participant had unilateral lens extraction, we used the LOCS III grading from the
contralateral phakic eye defined the lens opacity types per person. If a participant had bilateral
lens extraction (bilateral pseudophakic or aphakic eyes), we excluded him/her in specific types of
cataract prevalence analysis as it was difficult to evaluate that.

Eye Disease Diagnosis

The eye diseased diagnosis criteria have been described in our previous report[23]. Briefly, we
defined myopic macular degeneration in subjects with a refractive error exceeding -6.0 dipo-
ters, axial length of 26 mm or more, and typical degenerative myopic fundus changes[27]. We
defined AMD according to the Wisconsin Age-related Maculopathy Grading System[28] and
glaucoma according to the International Society for Epidemiological Ophthalmology classifica-
tion[29]. Additionally, the diagnoses of diabetic retinopathy, corneal opacity, retinal detach-
ment, pterygium, uveitis, and others diseases followed the clinical standard.

Cumulative UV-B Exposure Years

For cumulative UV-B exposure years calculation, we used a modified and simplified formula
that was derived from the Melbourne visual impairment project model[30]. The formula was
shown below.

H H
Year, x E‘ + (Age — Year,) x I if H, < 11h

E=E +E, = .
Year, x Ec + (Age — Year,), if H,> 11h

Where
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E = cumulative UV-B exposure years (y).

Ec = UV-B exposure years during children period.

Ea = UV-B exposure years during adult period.

Yearsc = years of children period, that is, 18 years in total in our study.

Hc = average outdoor exposure hours during children period. For the period was school
period, we defined 2 hours per day for outdoor exposure hours during this period[30].

H = maximum 11 hours (8:00-18:00) of outdoor exposure per day in Taizhou Eye Study.

Age = age of participant in Taizhou Eye Study.

Ha = average outdoor activity hours during adult period, we recorded the “Ha” using the
questionnaires.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics 17.0 (IBM SPSS Inc., Chicago IL, USA).
The risk factors for each type of lens opacity were calculated separately. The data are shown as
meanzstandard deviation form. Univariate logistic regression was used to assess the univariate
association of each risk factor with cataract (cortical, nuclear and PSC vs. no cataract). Stepwise
multivariable logistic regression was conducted to evaluate the independent associations for
each risk indicator. The candidate risk factors include age, gender, outdoor activity time, cumu-
lative UV-B exposure years, sunlight protection, glaucoma, age-related macular degeneration
(AMD), other fundus disease (including diabetic retinopathy, macular hole, retinal detach-
ment, branch retinal vessel occlusion, etc.). Odds ratios (OR) value and 95% confidence inter-
vals (CI) were presented. P<0.05 was regarded as statistically significant.

Result

Of all the 2006 eligible participants, the mean age was 60.1+9.5 years old (age range 45-100
years old). The percentage of female: male was 1189:817 (1.46:1). The mean time of ourdoor
activity was 5.7+3.2 hours (time range 0-16.0 hours) and the ratio of adults who have sunlight
protection measures vs those have no sunlight protection measures was 1007:994 (1.01:1).

We examined the lens conditions in 3995 eyes (right eye 1998 and left eye 1997) of 2006
people, 17 eyes (right eye 8 and left eye 9) were excluded because it was unable to evaluate the
lens opacification condition with the reasons of ocular atrophy or prosthetic eye, corneal opaci-
ties, etc. In specific cataract calculation, 11 people had bilateral cataract surgery and therefore,
1995 individuals were included in the specific cataract per person analysis.

Table 1 showed the prevalence of cataract and cataract surgery per eye and per person in
this study. There were in total 1627 eyes (40.7%, 95% CI 39.2%-42.3%) had cataract or under-
went cataract surgery. 883 people (44.0%, 95% CI 41.8%-46.2%) were diagnosed with cataract
including 744 adults (37.1%, 95% CI 35.0%-39.2%) with binocular cataract and 139 adults
(6.9%, 95% CI 5.9%-8.1%) with monocular cataract. 37 people (1.84%, 95% CI 1.3%-2.5%)
underwent cataract surgery. The mean age of people took cataract surgery was 69+10.8 years
old, higher than those who did not (59.9 +9.4 years old). The prevalence of cortical, nuclear
and PSC per person were 827 (41.4%, 95% CI 39.3-43.7), 607 (30.4%, 95% CI 28.4%-32.5%)
and 29 (1.5%, 95% CI 1.0%-2.1%), respectively. The prevalence of cortical, nuclear and any cat-
aract per person increased with age (Fig 1).

Table 2 showed the univariate and multivariable regression of risk factors for nuclear cata-
ract. Using univariate analysis, age, shorter outdoor activity, longer cumulative UV-B exposure
years, eyes with high myopia, eyes with AMD and other fundus diseases were risk factors of
nuclear cataract. Using multivariable regression model, age (OR = 1.19, P<0.001), gender
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Table 1. Prevalence of Cataract and cataract surgery.

Any Cataract
Cortical cataract
Nuclear cataract
PSC
Cataract after surgery
No cataract
Total

PSC: posterior subcapsular cataract.

doi:10.1371/journal.pone.0135870.t001

Right Eye (%, 95% ClI)
825 (41.3, 39.1-43.5)
787 (39.8, 37.6-42.0)
555 (28.1, 26.1-30.1)

24 (1.2, 0.8-1.8)
21 (1.1, 0.7-1.6)
1173 (58.7, 56.5-60.9)
1998 (100)

Left Eye (%, 95% CI)

802 (40.2, 38.0-42.3)

752 (38.2, 36.0-40.4)

538(27.3, 25.4-29.3)
20 (1.0, 0.6-1.6)
27 (1.4,0.9-2.0)

1195 (59.9, 57.7-62.0)

1997 (100)

Number of People (%, 95% Cl)

883 (44.0, 41.8-46.2)
827 (41.4, 39.3-43.7)
607 (30.4, 28.4-32.5)
29 (1.5, 1.0-2.1)
37 (1.8, 1.3-2.5)
1086 (54.1, 51.9-56.3)
2006 (100)

(OR =1.56, P =0.001) and high myopia (OR = 2.53, P = 0.038) were three independent risk
factors of nuclear cataract.

Table 3 showed the univariate and multivariable analysis of risk factors for cortical cataract.
Using univariate regression, age, gender, shorter outdoor activity, longer cumulative UV-B
exposure years, eye protection, AMD and other fundus diseases were risk factors of cortical
cataract. Using multivariable regression model, age (OR = 1.2, P<0.001), gender (OR = 1.86,
P<0.001), outdoor activity (OR = 1.043, P = 0.03), cumulative UV-B exposure years
(OR =1.011, OR = 0.035) and other fundus diseases (OR = 2.04, P = 0.013) were independent
risk factors of cortical cataract. The risk of cortical cataract increased 4.3% (95% CI 0.4%-8.3%)
when outdoor activity time increased every one hour. Moreover, the risk of cortical cataract
increased 1.1% (95% CI 0.1%-2.0%) when cumulative UV-B exposure time increased every one
year.
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Fig 1. Prevalence of cortical, nuclear and any cataract per person in each age group. Ages were
classified into eight continuous groups (45—49, 50-54, 55-59, 60-64, 6569, 7074, 75-79 and >80 years
old). For cortical cataract, the prevalence at different age groups were 2.8%, 13.1%, 28.5%, 50.5%, 72.2%,
75.8%, 89.5% and 93.6%. For nuclear cataract, the prevalence were 2.2%, 7.6%, 13.9%, 33.2%, 57.5%,
62.9%, 78.9% and 87.2%. For posterior subcapsular cataract (PSC), the prevalence were 0.3%, 1.1%, 0.7%,
2.1%, 2.8%, 3.0%, 0.0% and 1.4%. For any cataract, the prevalence were 5.2%, 16.7%, 30.5%, 53.5%,
74.2%, 77.4%,90.0% and 96.2%.

doi:10.1371/journal.pone.0135870.g001
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Table 2. Univariate and multivariable association analysis of risk factors for nuclear cataract.

Risk factors

Age (y)

Gender

Outdoor activity (hours)

Male
Female

Cumulative UV-B exposure years (y)

Sunlight Protection

Glaucoma

High myopia

AMD

Other fundus diseases

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

AMD: age-related macular degeneration.

*P<0.05
*¥*P<0.01
*¥*¥P<0.001.

doi:10.1371/journal.pone.0135870.t002

P value

<0.001***
0.190

<0.001***
0.003**
0.085

0.456

0.034*

<0.001***

<0.001***

Univariate Analysis

OR (95% Cl)
1.190 (1.170-1.210)

-
1.140 (0.937-1.385)
0.928 (0.900-0.957)
1.012 (1.004-1.020)

1.184 (0.977—1.434)
1

1.273 (0.675-2.403)
1

1.996 (1.055-3.773)
1

4.393 (3.369-5.727)
1

3.300 (2.239-4.864)
1

Multivariate Analysis

P value

<0.001***
0.001**

0.646
0.654
0.775

0.752

0.038*

0.084

0.251

OR (95% Cl)
1.190 (1.167-1.213)

1
1.559 (1.204-2.019)
1.010 (0.970-1.051)
1.002 (0.992-1.012)

0.964 (0.750—1.240)
1

0.884 (0.412-1.898)
1

2.528 (1.055-6.062)
1

1.335 (0.962-1.853)
1

1.364 (0.802-2.320)
1

Table 4 showed the univariate and multivariable regression of risk factors for PSC. Using
univariate analysis, age, outdoor activity and other fundus diseases were risk factors of PSC.
Using multivariable regression model, only other fundus diseases (OR = 6.53, P<0.001) was
independent risk factor of PSC.

Discussion

This study population was phrase 1 part summary of Taizhou Eye Study. Our study provided
new population-based data on the association of outdoor activity and risk of cataract in rural
residents aging >45 years old. We found that outdoor activity was risk factor for cortical
cataract, but was not for nuclear and posterior subcapsular cataract. Furthermore, our study
regarded outdoor activity density as a continuous variable and evaluated that the risk of cortical
cataract increased 4.3% when outdoor activity time increased every one hour. Moreover, the
risk of cortical cataract increased 1.1% (95% CI 0.1%-2.0%) when cumulative UV-B exposure
time increased every one year.
Our study confirmed the cross-sectional association between outdoor activity and cortical
cataract in Chinese population. Our result was consistence with some previous studies
[20,21,31,32,33]. Epidemiology studies have showed that the prevalence rate of cataract in
areas with low latitude and longer sunlight exposure is higher than areas with higher latitude
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Table 3. Univariate and multivariable association analysis of risk factors for cortical cataract.

Risk factors

Age (y)

Gender

Outdoor activity (hours)

Male
Female

Cumulative UV-B exposure years (y)

Sunlight Protection

Glaucoma

High myopia

AMD

Other fundus diseases

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

AMD: age-related macular degeneration.

*P<0.05
*¥*P<0.01
*¥*¥P<0.001.

doi:10.1371/journal.pone.0135870.t003

Univariate Analysis

Multivariate Analysis

P value OR (95% Cl) P value OR (95% Cl)
<0.001 *** 1.198 (1.178-1.218) <0.001%** 1.203 (1.181-1.226)
0.042* <0.001%**
1 1
1.207 (1.007—1.448) 1.862 (1.456-2.380)
0.023* 0.968 (0.941-0.996) 0.029% 1.043 (1.004-1.083)
<0.001%** 1.024 (1.016-1.031) 0.035% 1.011 (1.001-1.020)
0.041% 0.381
1.204 (1.007—1.440) 0.900 (0.710—1.140)
1 1
0.202 0.860
1.483 (0.810-2.716) 1.069 (0.508-2.252)
1 1
0.103 0.283
1.688 (0.900-3.168) 1.621 (0.671-3.914)
1 1
<0.001%** 0.245
4.317 (3.267-5.704) 1.223 (0.871-1.717)
1 1
<0.001%** 0.013*

4.344 (2.821-6.691)
1

2.037 (1.160-3.574)
1

and shorter sunlight exposure. In the U.S., the probability of cataract surgery increases 3% for
every 1 degree decrease in latitude[34]. Latitude is directly associated with the UV-B degree

of sunlight. UV-B is risk factor of cortical and nuclear cataract; ocular UV-B exposure may
explain about 10% of the cortical cataract in the population[35]. The mechanisms of UV-B
inducing cataract likely involve the apoptosis of human lens epithelium cells (HLECs). UV-B
irradiation-initiated HLECs apoptosis may involve complicated mechanisms including mito-
chondrial dysfunction and caspase-3 activation[36]. The main dysfunction of mitochondrial
was related to oxidative stress. Reduction of sunlight exposure is in many ways an effective
means of preventing cataract related visual disability[35]. In our study, longer outdoor activity
was also correlated with higher risk of cortical cataract (OR = 1.043, P = 0.03). Furthermore,
the risk of cortical cataract increased 1.1% (95% CI 0.1%-2.0%) when cumulative UV-B expo-
sure time increased every one year. Using the cumulative UV-B exposure year, it’s not surpris-
ing that some older individuals with few outdoor activity may have a higher risk of cortical
cataract than the younger patient with more outside hours because the older individuals may
have higher cumulative UV-B exposure years. However, we did not find the correlation of out-
door activity with nuclear cataract in our study, which might implicate different risk factors
and prevention methods of different types of cataract in Chinese people.
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Table 4. Univariate and multivariable association analysis of risk factors for posterior subcapsular cataract.

Risk factors

Age (y)
Gender
Male
Female
Outdoor activity (hours)
Cumulative UV-B exposure years (y)
Sunlight Protection
Yes
No
Glaucoma
Yes
No
High myopia
Yes
No
AMD
Yes
No
Other fundus diseases
Yes
No

AMD: age-related macular degeneration.
*P<0.05

**P<0.01

**¥P<0.001.

doi:10.1371/journal.pone.0135870.t004

Univariate Analysis Multivariate Analysis
P value OR (95% ClI) P value OR (95% CI)
0.041* 1.038 (1.002-1.076) 0.407 1.017 (0.977-1.060)
0.484 0.370
1 1
1.317 (0.609-2.847) 1.462 (0.637-3.355)
0.038* 0.878 (0.776-0.993) 0.084 0.887 (0.774-1.016)
0.124 0.975 (0.945-1.007) 0.086 0.970 (0.936—1.004)
0.821 0.594
0.919 (0.441-1.914) 0.804 (0.361-1.793)
1 1
0.614 0.837
1.681 (0.223-12.682) 1.252 (0.147-10.641)
1 1
0.067 0.251
3.962 (0.907-17.313) 2.558 (0.515-12.704)
1 1
0.936 0.744
1.045 (0.358-3.045) 0.826(0.263—2.593)
1 1
<0.001*** <0.001***
6.198 (2.561-15.004) 6.529 (2.512-16.970)
1 1

Previous studies have showed that ARC occurs more common in female than male
[3,37,38,39,40]. In our present study, female gender was also found as independent risk factors
for cortical and nuclear cataract. The Blue Mountains Eye Study reported that the hormone
replacement therapy could reduce the rate of cortical cataract and thus played a protective
effect[41], the result was also proved in Salisbury Eye Evaluation[42]. However, contrary result
was found in some other studies[43,44]. In a meta-analysis by Lai K. et al[45], Hormone ther-
apy could significantly decrease the risk of nuclear cataract (OR = 0.72, 95% CI 0.61-0.85).
Hormone replace therapy was not specifically studied in our study. However, prospective stud-
ies will be carried out in our future study about the association between hormone therapy and
cataracts considering the limited numbers of studies in the meta-analysis.

High myopia has been proved as an independent risk factor of nuclear cataract in many epi-
demiologic studies[38,46,47]. In Beijing Eye Study[3], the age-adjusted nuclear cataract rate
was significantly correlated with myopia. In the Beaver Dam Eye Study[46], the Los Angeles
Latino Eye Study[38] and the Blue Mountains Eye Study[47], high myopia was also found to
be associated with increased incidence of nuclear cataract. In our study, we also found high
myopia (OR = 2.53, P = 0.038) as independent risk factor of nuclear cataract, which was consis-
tent with previous studies. The potential mechanisms that high myopia leads to nuclear cata-
ract are still unknown, but some researchers have hypothesized that axial myopia is a reason of
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a longer vitreous cavity that may cause decreased nutrition diffusion to the posterior lens and
thus inhibits the oxidative defense mechanisms[38]. The hypothesis is supported by the fact
that the hyperbaric oxygen treatment could result in a rapid nuclear cataract formation and
that nuclear cataract occurs more common after vitrectomy surgeries, whereby the lens were
exposed to a higher level of intraocular oxygen [48,49]. Prospective data from our study popu-
lation may help to evaluate the direct role of myopia in the progression of nuclear cataract in
our future work.

The potential risk factors of PSC include steroid usage, diabetic retinopathy, myopia and
female gender in previous studies[11,19]. In our study, we only found the fundus diseases as a
single strong independent risk factor for PSC (OR = 6.529, 95% CI 2.51-16.97). As the preva-
lence of PSC was very low (29 people, rate 1.4%) and the population was still limited in this
study, we did not study the effect of diabetic retinopathy on PSC but put all of the other fundus
diseases except AMD and glaucoma together. In our study, the effect of other fundus diseases
on PSC was very strong, which implicated the significant role of fundus diseases on the devel-
opment of PSC in Chinese population. However, specific fundus diseases will be studied in
details of their effect on PSC in our further reports.

There were also some shortcomings of our manuscript; for example, we just evaluated the
sunlight protection yes or no, instead of the accurate protection time. However, in this popula-
tion-based epidemiologic study on the association of outdoor activity and different types of cat-
aract in a Chinese rural population, we found that the outdoor activity was significantly
associated with cortical cataract, but was not for nuclear and posterior subcapsular cataract. In
conclusion, the risk of cortical cataract increased 4.3% when outdoor activity time increased
every one hour. Furthermore, the risk of cortical cataract increased 1.1% when cumulative
UV-B exposure time increased every one year. Our study gave an accurate quantitative evi-
dence of the outdoor activity time effect on cortical cataract mechanisms and cataract
prevention.
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