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Abstract

Purpose

We investigated associations between ocular ultraviolet (UV) radiation exposure dose and
cataract opacities among Han people living in China and Taiwan, to assess the effects of
UV exposure intensity.

Methods

This cross-sectional study included Han people aged >40 years (1,801 individuals, 450 in
Sanya, 636 in Taiyuan, and 715 in Taichung) as subjects who completed a questionnaire
including items about diabetes, smoking, steroid use, work history, and time spent outdoors,
and underwent an ophthalmic examination. Right eye axial length was measured using A-
mode ultrasonography or IOLMaster. Slit-lamp imaging under maximum mydriasis was
used to classify cataracts into three major types [cortical (COR), nuclear (NUC), and poste-
rior subcapsular cataracts (PSC)] and two subtypes [retrodots (RD) and waterclefts (WC)]
by one ophthalmologist. COR was divided into opacity presence (CEN+) or absence (CEN-)
in the central 3-mm diameter area of the pupil. COR was also subdivided into three groups
according to opacity shape: axle-shaped opacity concomitant with WC, wedge-shaped
opacity around the pupil to the eye center, and ring-shaped opacity in the lens equator along
the pupillary margin. The cumulative ocular UV exposure (COUV) was calculated. A logistic
regression analysis was used for multivariate analysis.

Results

Cataract odds ratios in high COUV eyes were 5.35 for NUC, 1.87 for PSC, and 1.35 for RD.
In eyes with WC, risk of COR ring-shaped opacity significantly increased but that of wedge-
shaped opacity (CEN+) significantly decreased. In eyes without WC, risk of COR axle-
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shaped opacity (CEN-) and ring-shaped opacity significantly increased but that of wedge-
shaped opacity (CEN+) significantly decreased.

Conclusions

Increased COUV level among Han people may be a risk factor for the development of
nuclear cataracts, PSC, retrodots and ring-shaped cortical cataract. Risk of ocular UV expo-
sure for cortical cataract may differ by opacity shape.

Introduction

Many studies have reported ultraviolet (UV) radiation to be a risk factor for cataract [1-3].
Although the onset of anterior cortical cataract has been reported to be caused by UVB expo-
sure through some animal experiments [4-7], most reports have assessed the application of
much stronger UVB exposure than the normal daily exposure dose. To the best of our knowl-
edge, no reports have used an animal model to investigate the effects of long-term exposure to
low-dose UVB. Giblin et al. previously reported on how long-term exposure to low-dose UVA
induced the development of nuclear cataract (NUC) in a guinea pig model [8]. Although many
previous epidemiological studies have reported an association between cortical cataract (COR)
and UV light [9-11], most of these studies were conducted in regions ranging from mid- to
high-latitudes. To date, only a few studies have been conducted in low latitude regions with
strong UV exposure. Some studies investigating NUC have reported no association with UV
exposure [9, 12], in contrast, others have reported relationships between these factors [13-17].
In addition, some reports have indicated an association between UV exposure and posterior
subcapsular cataract (PSC) [18]. Retrodots (RD) and waterclefts (WC) are cataract subtypes
that cause decreased visual function, with a high prevalence among middle-aged to elderly
individuals [19, 20]. Because no studies have investigated associations between UV exposure
and these types of cataract, their relationship with UV exposure remains unknown. Moreover,
few reports have examined this relationship in a single race living in regions with different UV
intensities.

In this study, we investigated right eyes of Han people living in three regions ranging from
mid- to low-latitude that experienced different UV intensities (Hainan Province and Shanxi
Province of the People’s Republic of China, and Taichung City of Taiwan) to assess associa-
tions between ocular UV exposure dose and five types of cataract.

Materials and methods
Subjects

The study population were rural low-income farmers in Sanya, Hainan, and Taiyuan, Shanxi,
of China and urban residents in Taichung, Taiwan. We extracted data only of Han people
among subjects of previous epidemiological studies [21-23] which targeted all general resi-
dents aged 50 years or older in one village of each Sanya and Taiyuan in China, and general
residents aged 40 years or older in Taichung in Taiwan. The original studies excluded only
people that were unavailable due to migration or sickness, and those with a history of eye dis-
eases. The present study population comprised 1,801 individuals (right eyes), including 450
individuals living in a rural area of Sanya City, Hainan Province, People’s Republic of China
(18°15’N, 109°30’ E, performed March 5-12, 2006), 636 living in a rural area of Taiyuan,
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Shanxi Province, People’s Republic of China (37°52’ N, 112°33” E, performed July 14-21,
2006), and 715 living in an urban area of Taichung, Taiwan (24°9’ N, 120°40’ E, performed
July 2-12, 2009). All subjects provided written informed consent. The study adhered to the
tenets of the Declaration of Helsinki and the protocol was approved by the Kanazawa Medical
University Institutional Review Board.

Cataract judgement and collection of other data

Cataracts were diagnosed by one ophthalmologist from slit-lamp images of right eyes obtained
under maximal mydriasis and classified into the three major types (COR, NUC, and PSC)
using the WHO classification system [24] and two subtypes (RD and WC) by Kanazawa Medi-
cal University Cataract Classification and Grading System (Fig 1).

Other data that are shown in the tables were collected by questionnaire including items
about diabetes, smoking, steroid use, work history, and time spent outdoors; and also col-
lected, in interviews conducted by local ophthalmologists, nurses, and ophthalmic or optical
residents, who received lectures and exercises on the basics of the epidemiological survey prior
to screening.

COR was divided into opacity presence (CEN+) or absence (CEN-) in the central 3-mm
diameter area of the pupil. COR was also subdivided into three groups according to opacity
shape: axle-shaped opacity concomitant with WC, wedge-shaped opacity around the pupil to
the eye center, and ring-shaped opacity in the lens equator along the pupillary margin (Fig 2).
Axial length (AL), a factor of cataract onset, was measured using A-mode ultrasonography
(NIDEK Inc., Fremont, CA) or IOLMaster ™ (Carl Zeiss AG, Oberkochen, Germany). A pre-
vious study reported that the mean AL measured by IOL Master was, on an average, approxi-
mately 0.2 mm longer than that measured by A-mode ultrasonography [25]; therefore, for the
regions using A-mode ultrasonography, 0.2 mm was added to each case. Other data were col-
lected by questionnaire including items about diabetes, smoking, steroid use, work history,
and time spent outdoors.

Calculation of cumulative ocular UV exposure (COUV)

Previous epidemiological studies used questionnaires to investigate work history, time spent
outdoors [21-23], and frequency of the use of hats and sunglasses to determine the degree of
ocular UV exposure [10, 26, 27]. Similarly, we collected data of where subjects lived from the
age of 20 to the present (ambient UV intensity), time spent outdoors (weekdays and holidays),
and whether and how often they used hats, glasses, or sunglasses while outdoors. Based on
these data, we calculated their COUV level from the age of 20 to the present using the estima-
tion formula reported by Ono et al. [28].

To calculate ocular UV exposure per day (OUV4,y), “Gl;” represented the coefficient for the
use of glasses or sunglasses, resulting in a UV cut-off rate of 0.9 for subtraction. Constant use
had a coefficient of 1, occasional use had 0.5, and no use had 0. “Hat,” represented the coeffi-
cient for the use of a hat, resulting in a UV cut-off rate of 0.2 for subtraction. Constant use had
a coefficient of 1, occasional use had 0.5, and no use had 0. These values were calculated for the
outdoor time reported for weekdays and weekends/holidays. The UV exposure dose for 1
week was calculated based on five weekdays and two weekend days; the mean daily value of
the weekly UV exposure was considered the OUV 4,,. UV intensity (UV-AB) by region was
multiplied by the calculated OUV 4, values, and COUV was calculated by adding the number
of days from the age of 20 to present. According to the National Aeronautics and Space
Administration data, UV intensity by region was found to be 233 J/m* in Sanya, 142 J/m” in
Taiyuan, and 213 J/m? in Taichung [29].
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a: Retrodots
Grade 1 Grade 2 Grade 3 Grade 4

<

b: Waterclefts

Peripheral Central type
type
Fig 1. Kanazawa Medical University Cataract Classification and Grading System. a: Retrodots—Judged by size of area of opacity within the central 3-mm diameter

area of the pupil, b: Waterclefts—Central type WC: opacity inside but not outside the central 3-mm diameter area of the pupil, Peripheral type WC: opacity outside but
not inside this central 3-mm diameter area.

https://doi.org/10.1371/journal.pone.0215338.9001

25% - 50%

« Daily ocular UV exposure (OUV g,y)

ouv UV, x(1—-0.9 xGl,) x (1 —0.2 x Hat,)

day = day

UV 4qy: daily UV irradiance
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Protection factor of glasses: 0.9

Gl, (glasses use): always = 1, seldom = 0.5,n0 =0
Protection factor of hat: 0.2

Hat, (hat use): always = 1, seldom = 0.5, no = 0

+ Mean daily ocular UV exposure (OUV 4, ave)

OouV,, ave = [5 x OUV,, (weekdays) + 2 x OUV,, (weekend days)| = 7

o Cumulative ocular UV exposure (COUV)

Age 365
couv =) lLy > (ouv,, ave)]

y=20 d=0

COUV: estimated cumulative ocular UV exposure

Ly = Location factor

Statistical analysis

SPSS Statistics 24 (IBM) was used to perform statistical analysis. A logistic regression analysis
was used for multivariate analysis. We investigated the risk of developing the five types of cata-
ract resulting from COUV; age, sex, AL, and history of diabetes were considered as confound-
ing factors.

Results and discussion

Subjects distribution

Table 1 presents the number of subjects and the mean ages stratified by sex for each region.

Fig 2. Cortical cataract opacity cases. a: axle-shaped opacity, b: wedge-shaped opacity, c: ring-shaped opacity. Inner circle (yellow) shows the central 6-mm diameter
area of the pupil.

https://doi.org/10.1371/journal.pone.0215338.9002
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Table 1. Number and mean age of the subjects in

Sanya
Sex M
Number of individuals 164
Age (y) 60.0£9.7

https://doi.org/10.1371/journal.pone.0215338.t001

each region.

Taiyuan Taichung Overall
F M F M F M F
286 240 396 296 419 700 1,101
60.1+10.8 62.3+£9.5 59.3+8.4 56.0+£10.9 54.4+9.6 59.1+10.5 57.7+9.8

Prevalence of the five types of cataract

Table 2 summarizes the prevalence of the five types of cataract stratified by region.

Couv

Fig 3 shows the COUV distribution for all subjects, and Table 3 shows the mean COUV values
stratified by age and sex for all three regions. Approximately one-fourth of the subjects had a
COUV of 5 million or lower. This group comprised subjects who spent relatively little time out-
doors or who always used glasses/sunglasses and a hat while outdoors. Furthermore, approxi-
mately one-fourth of the subjects had a COUV level ranging from 5 to 10 million. Thus, half of
the subjects had a COUYV level of 10 million or lower. Most subjects in Sanya and Taiyuan were
involved in agricultural work, whereas only approximately 6% of the subjects in Taichung were
agricultural workers. Females in Taiyuan and Taichung tended to have lower COUYV levels than
males. However, there was no significant difference in COUYV levels by gender in Sanya; in fact,
COUV was slightly higher for females in this region. COUV level was the lowest among both
sexes aged under 60 years old in Taichung, where UV intensity is stronger than that in Taiyuan.
Because Taichung is more urban than rural Taiyuan, individuals possibly spent less time out-
doors and were more likely to use glasses in Taichung. However, among individuals aged above
60 years old, COUYV levels were approximately the same in Taichung and Taiyuan.

We divided the subjects into two groups of approximately 900 individuals each based on
whether their COUYV level was more (high COUV group) or less (low COUV group) than 10
million, which was the median COUYV level for all subjects. Next, we investigated the risk of
developing the five cataract types in the two groups. We also investigated the risk of developing
each of the five cataract types using the mean COUV level in Japanese people (approximately
14,000,000, among residents aged 50 years old and above in Monzen, Ishikawa prefecture, 36°
48 N, 136°46 E, 127 J/m?) as a reference; COUV?2 represented twice this value, whereas
COUV3 and COUV4 were three- and four-fold greater, respectively.

Risk of developing the five types of cataract with increased COUYV level

Compared with the low COUV group, the odds ratio of cataract of the high COUV group was
5.35(95% CI: 3.73-7.67) for NUC, 1.87 (1.09-3.19) for PSC, and 1.35 (1.01-1.80) for RD,

Table 2. Prevalence of the five types of cataract per region.

Taiyuan Taiyuan Taichung

UV intensity: 142 J/m> UV intensity: 142 J/m> UV intensity: 213 J/m’
COR (CEN-) 17.6% (14.0-21.1) 12.9% (10.3-15.5) 8.3% (6.2-10.3)
COR (CEN+) 7.6% (5.1-21.1) 10.1% (7.7-15.5) 6.7% (4.9-8.5)
NUC 43.6% (39.0-21.1) 7.2% (5.2-15.5) 6.6% (4.8-8.4)
PSC 12.9% (9.8-21.1) 3.0% (1.6-15.5) 3.4% (2.0-4.7)
RD 40.7% (36.1-21.1) 22.3% (19.1-15.5) 16.2% (13.5-18.9)
wC 4.7% (2.7-21.1) 7.2% (5.2-15.5) 11.9% (9.5-14.3)

() = 95% confidence interval for overall prevalence

https://doi.org/10.1371/journal.pone.0215338.t1002
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Subjects
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Fig 3. COUYV distribution among subjects.

10,000,000-

couv

15,000,000-
15,000,000 20,000,000 25,000,000

20,000,000- 25,000,000 <

https://doi.org/10.1371/journal.pone.0215338.9003

Table 3. Mean cumulative ocular UV exposure by region (stratified by sex and age).

indicating a significantly increased risk of developing the three types (Table 4). However, COR
exhibited no significant associations with CEN— or CEN+. Similarly, we reported no signifi-
cant association for WCs.

Sanya Taiyuan Taichung
UV intensity: 233 J/m? UV intensity: 142 J/m> UV intensity: 213 J/m?
Ave SD Ave SD Ave SD

Sex

M 20,485,574 6,907,481 10,260,275 5,414,556 8,967,806 7,823,783

F 21,963,246 6,470,755 8,962,699 4,843,394 6,434,134 4,765,471
Age (y)

<59 18,282,224 4,171,967 9,050,005 4,093,863 6,214,076 4,503,783

60-69 22,826,454 5,776,211 9,628,754 5,477,093 9,294,882 7,757,357

70-79 26,954,518 7,107,816 9,962,456 6,526,622 12,491,506 9,873,043

>80 30,769,901 7,140,611 12,360,888 7,137,888 11,098,765 7,027,718

https://doi.org/10.1371/journal.pone.0215338.t003
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Table 4. Risk of the five types of cataract in the high cumulative ocular UV exposure (COUV) group compared with the low COUV group (adjusted for age, sex,

axial length, and DM).

Risk factor
Age (y)°

Sex

COR

NUC
PSC
RD

wC

M

F

Without COR
With CEN-
With CEN+
Without NUC
With NUC
Without PSC
With PSC
Without RD
With RD
Without WC
With WC

Odds ratio | (95% CI) p value
1.01 | (0.99-1.02) 0.165
1.00
0.58 | (0.46-0.72) <0.001 | **
1.00
1.09 | (0.77-1.54) 0.642
0.74 | (0.48-1.15) 0.180
1.00
5.35 | (3.37-7.67) <0.001 | **
1.00
1.87 | (1.09-3.19) 0.022 | *
1.00
1.35 | (1.01-1.80) 0.045 | *
1.00
0.78 | (0.52-1.18) 0.237

$ Odds for age indicates the risk for each additional one year of age.

*p <0.05
**p<0.01.

https://doi.org/10.1371/journal.pone.0215338.t004

An investigation of the odds ratio as the mean COUV that increased from two- to four-fold
(COUV2, COUV3, COUV4) for the reference revealed that for COUV2, the risk significantly
increased for NUC (1.90, 1.11-3.25), whereas it significantly decreased for WC (0.53, 0.34—
0.84) (Table 5). For COUV3, the risk significantly increased for NUC (7.98, 4.66-13.68),
whereas it significantly decreased for COR (CEN+) (0.49, 0.25-0.93) and WC (0.50, 0.28-
0.89). Lastly, for COUVY4, significant increases were observed for NUC (11.89, 5.49-25.76) and
RD (2.09, 1.02-4.28). The risk of developing NUC increased with greater UV exposure, as
shown by the odds ratios of 1.9-, 7.98-, and 11.89-fold for COUV2, COUV3, and COUV4,
respectively. However, COR (CEN-) did not exhibit any significant associations with
increased COUV level. The risk of developing COR (CEN+) in COUV3 and WC in COUV2
and COUV3 exhibited an inverse relationship with increased COUV level; this risk was calcu-
lated to be approximately 0.5-fold.

Risk of developing COR (CEN-, CEN+) accompanying COUYV increase
considering WC comorbidity

Table 6 shows the risk of developing COR in the high COUV group compared with the low
COUV group, considering WC comorbidity. Cases with opacity within the central 3-mm
diameter area of the pupil were designated as CEN+, and cases with ring-shaped opacity
showed no opacity in the center of the pupils; therefore, all of these cases were designated as
CEN-. In eyes with WG, the risk of ring-shaped opacity was significantly elevated (1.86, 1.04—
3.32) and that of wedge-shaped opacity (CEN+) significantly decreased (0.56, 0.37-0.86). In
cases of COR with no WG, the risks of axle-shaped opacity (CEN-) (2.07, 1.03 — 4.18) and
ring-shaped opacity (2.96, 1.46-5.99) were significantly increased. The risk of wedge-shaped
opacity (CEN+) was significantly decreased (0.59, 0.36-0.95), even with no WC. The risk of
ring-shaped opacity significantly increased with greater COUV regardless of WC. Meanwhile,
CEN+, in which opacity was present in the center of the pupil, exhibited no association or a
decreased risk with increased COUV.
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Table 5. Risk of the five types of cataract for two-, three- and four-fold cumulative ocular UV exposure (COUV) based on the mean COUYV in Japanese people (all
adjusted for age, sex, axial length, and DM).

Risk factor Odds ratio | (95% CI) p-value
COUV2 (2-fold) Age (y) ° 1.02 | (1.01-1.04) 0.005 | **
Sex (F) ¢ 0.61 | (0.48-0.78) <0.001 | **
COR (CEN-) 0.87 | (0.57-1.33) 0.515
COR (CEN+) 0.94 | (0.58-1.52) 0.797
NUC 1.90 | (1.11-3.25) 0.019 | *
PSC 0.74 | (0.37-1.51) 0.412
RD 0.95 | (0.67-1.34) 0.762
WC 0.53 | (0.34-0.84) 0.007 | **
COUV3 (3-fold) Age (y) * 1.01 | (0.99-1.03) 0.162
Sex (F) 0.68 | (0.50-0.92) 0.013 | *
COR (CEN-) 1.06 | (0.65-1.72) 0.826
COR (CEN+) 0.49 | (0.25-0.93) 0.028 | *
NUC 7.98 | (4.66-13.68) <0.001 | **
PSC 1.84 | (0.91-3.71) 0.088
RD 1.25| (0.83-1.88) 0.280
WC 0.50 | (0.28-0.89) <0.001 | **
COUV4 (4-fold) Age (y)° 1.16 | (1.12-1.21) <0.001 | **
Sex (F) * 0.58 | (0.32-1.08) 0.085
COR (CEN-) 1.16 | (0.55-2.48) 0.695
COR (CEN+) 0.68 | (0.27-1.71) 0.414
NUC 11.89 | (5.49-25.76) <0.001 | **
PSC 1.05 | (0.40-2.79) 0.924
RD 2.09 | (1.02-4.28) 0.044 | *
WC 0.74 | (0.33-1.64) 0.458

$0dds ratio for age indicates the risk for each additional 1 year of age.
90dds ratio for sex indicates the F risk when M is 1.00.

*p<0.05
*p<0.01.

https://doi.org/10.1371/journal.pone.0215338.t005

We investigated associations between ocular UV exposure and risk of cataract in Han peo-
ple living in regions of China and Taiwan with varying UV intensities. Our investigation of the
risk associated with increased COUYV levels indicated that after adjusting for age, sex, and
other factors related to cataract onset such as diabetes [11], and AL [30], and NUC was found
to be the cataract type with the highest risk associated with increased COUV level. Some epide-
miological studies have reported no association between UV exposure and NUC onset [9, 12],
in contrast, others have suggested an association between UV exposure and NUC onset [13-
17]. Although our data does not differentiate between exposure dose by frequency at the
regions studied, our results are supported by those of Giblin et al. [8] who reported that NUC
onset occurs with low long-term UV A exposure using a guinea pig model; our results also
agree with a report indicating that NUC prevalence is markedly high in tropical and subtropi-
cal regions exposed to high UV intensity [13]. Our results showed that greater COUV was
associated with an increased odds ratio for NUC, with a risk increase of approximately 12-fold
for COUV4, which indicated high exposure. These results suggest that high UV exposure is a
risk factor for NUC onset. COUV4, which indicated high exposure, was also associated with
an approximately two-fold increased risk of developing RD. Thus, RD may also be associated
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Table 6. COR (axle-shaped, wedge-shaped, and ring-shaped) risk of the high cumulative ocular UV exposure
(COUV) group compared with the low COUV group (all adjusted for age, sex, axial length, and DM).

Risk factor Odds ratio (95% CI) p value

WC present COR axle-shaped CEN- 1.46 (0.82-2.60) 0.196
COR axle-shaped CEN+ 0.62 (0.37-1.04) 0.071
COR wedge-shaped CEN- 0.90 (0.62-1.31) 0.585
COR wedge-shaped CEN+ 0.56 (0.37-0.86) 0.008 *
COR ring-shaped CEN- 1.86 (1.04-3.32) 0.036 *
COR ring-shaped CEN+ - - -

No WC COR axle-shaped CEN- 2.07 (1.03-4.18) 0.041 *
COR axle-shaped CEN+ 0.59 (0.33-1.08) 0.085
COR wedge-shaped CEN- 0.97 (0.64-1.47) 0.886
COR wedge-shaped CEN+ 0.59 (0.36-0.95) 0.030 *
COR ring-shaped CEN- 2.96 (1.46-5.99) 0.003 **

COR ring-shaped CEN+ - - _

*p<0.05
' p<0.01

https://doi.org/10.1371/journal.pone.0215338.t1006

with UV exposure. RD often accompanies NUC [31, 32], suggesting that these disease types
share common risk factors.

Our investigation of COUV and risk of COR in all cases indicated no significant risk increase
with greater COUYV level. Many reports have indicated that the amount of ocular UV exposure
is associated with COR [6-11]. However, these reports differ from our investigation because
they were all conducted in mid- and high-latitude regions that receive relatively moderate UV
intensity. Our study investigated people living in Taiyuan, located in a middle latitude region;
Taichung, located in a subtropical region; and Sanya, located in a tropical region. In addition,
because no reports have yet investigated the relationship between UV intensity and develop-
ment of cataract among Han people, the risk of developing COR due to UV might differ
between Caucasians, who are inherently at a high risk of developing NUC, and Han people,
who are at a high risk of developing COR. In Caucasians, who are at a high risk of developing
NUC, UV possibly has a limited effect on NUC but might markedly affect COR. Conversely, in
Han people, who are at high risk of developing COR, UV possibly has a limited effect on COR
but might markedly affect NUC. However, when divided by type into axle-, wedge-, and ring-
shaped opacity, the investigation of COR indicated a significant positive association with
COUV in ring-shaped opacity cases regardless of WC. A significant association was also
observed for cases without WC among eyes exhibiting axle-shaped opacity around the pupil
region. UV exposure-related COR opacity is often localized around the pupil region, with opac-
ity particularly developing from the lower nasal side [33]. Upon entering the eye, UV induces
the “Coroneo effect” whereby light is refracted by the cornea and is concentrated on the nasal
side [34]. Thus, UV exposure-related conditions such as pterygium often develop on the nasal
side [35]. No significant association was observed between UV exposure dose and axle- and
wedge-shaped opacities that progress to the center of the pupil region. Significant decreased
risk regardless of presence of WC in eyes with wedge-shaped opacity in the center of the pupil
region was associated with UV exposure dose. Significant risk decreases were also observed for
WC in the group receiving high-dose UV. In many cases of COR in which the opacity was local-
ized in the center of the pupil, there was a high possibility of opacity caused by WC. Thus, if UV
exposure is not a risk factor for WC onset, it is highly possible that UV is also not a risk factor
for COR development from the central pupil from WC. The underlying mechanism of WC
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onset is unknown. However, a lens change arises from Y-shaped suture breaks. We believe that
the possibility cannot be denied that lens shape changes due to changes such as adjustments of
the lens when the eye shifts depth of focus place physical stress on the Y-shaped suture lines,
which could lead to WC development. For individuals who primarily engage in close-proximity
work, such as reading, sewing, and desk work, the risk of developing WC may be higher. More-
over, the fact that these people also engage in less outdoor work may explain the negative associ-
ation observed between WC and COUV. Because no previous studies have investigated COR
type, ours is the first to demonstrate that UV exposure risk might differ by COR type. Even if it
progresses, ring-shaped opacity does not reach the center of the pupil. Regarding overall COR,
COR arising around the lens appears to be significantly associated with UV exposure.

Our investigation of PSC indicated that significant risk increases were observed in the high
UV exposure groups than in the low UV exposure groups. However, after dividing the subjects
into four groups by COUV level, there were no significant associations. The small sample size
of PSC cases may have affected the precision of the analysis. Many reports have indicated that
there is no association between PSC onset and UV exposure [10, 11]. The question of whether
high levels of UV exposure such as those investigated in this study affect PSC onset requires
further investigation with a larger sample size.

This study has some limitations. First, although we investigated cataract risk after adjusting
for risk based on AL and diabetes, diabetic history data was based on self-reports and not
blood tests. Therefore, this result possibly has low reliability. Second, according to other risk
factors for cataract onset such as smoking [12, 30, 36], steroid use [12, 37, 38], ionizing radia-
tion exposure [39-42], and academic background [12, 36, 42], although we included questions
about smoking and use of steroids responses to these items were not provided by many sub-
jects, perhaps because they didn’t smoke or use steroids, but we cannot be sure. Therefore,
these factors were removed from our adjustment considering their low reliability. We did not
question the subjects regarding radiation exposure. Moreover, because many of the subjects
had a rural background, we removed the question on academic background from our parame-
ters. Lastly, to assess UV exposure, we questioned the subjects regarding their time spent on
outdoor activities in the past, and after adjusting for glasses (sunglasses) and hat use, we calcu-
lated COUV levels in terms of individual mean time spent on activities outdoors. However,
because these results were based on the subjects’ memories, they could have low reliability.
Moreover, because outdoor activities are likely to differ greatly throughout a person’s life as
they progress from childhood to young adulthood, middle age, and old age, the subjects must
be questioned for each age range. There are, however, significant limitations to the precision
of recall bias. A recent report suggested that pinguecula developing in the limbus cornea as a
result of UV exposure could be an index for the UV exposure dose a person has received [43].
Because pterygium is also an index for high UV exposure, it could also be effective to conduct
future investigations using the presence/absence and extent of pinguecula and pterygium as
indexes for the ocular UV exposure level.

In conclusion, the results suggest that increased COUV level among Han people living in
areas with varying UV intensities could be a risk factor for developing NUC, RD, and COR
(ring-shaped opacity or opacity around the lens equator).
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