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Introduction

Cataract is the leading cause of global blindness,

Purpose: To investigate the association between outdoor time and the risk of cataract
surgery in a large Australian population.

Methods: This was a population-based prospective cohort study with 137,133 partic-
ipants 45 to 65 years of age and without prior history of cataract surgery from the 45
and Up Study. Outdoor hours per day on weekdays and weekends, as well as tanning
with repeated sun exposure, were assessed by a self-administered baseline question-
naire. Cataract surgery events were confirmed by the Medicare Benefits Schedule from
baseline until the end of follow-up in 2016.

Results: During a mean follow-up of 9 years, 14,338 participants received cataract
surgery with a corresponding incidence of 10.5%. Multiple Cox regression analysis
showed that more outdoor hours on weekends (P trend < 0.001) and the ability to get
tanned by repeated sun exposure (P trend = 0.041) were significantly associated with a
lower risk of cataract surgery, whereas more outdoor hours on weekdays were nominally
significantly associated (P trend = 0.055). Participants who spent 10+ hours outdoors on
weekends had 9% decreased risk compared with those who spent <2 hours outdoors.
In addition, compared to participants who got very tanned by repeated sun exposure,
those less likely to get tanned had a 5% to 7% increased risk of cataract surgery.

Conclusions: In this large Australian cohort 45 to 65 years of age, more outdoor time and
ease of tanning with sun exposure were associated with a lower incidence of cataract
surgery.

Translational Relevance: With proper sun protection, more outdoor time may lead to
a lower risk of severe cataracts requiring surgery.

A complex interplay of sociodemographic, environ-
mental, and genetic factors underlies the pathogene-
sis of cataract development and progression. Acquir-
ing a better understanding of modifiable risk factors in

and the related burden is projected to increase substan-
tially with population growth, aging, and extended
longevity."? In addition to the direct detrimental effects
of cataract on vision, the association between cataract
and a reduced quality of life, as well as increased
morbidity and mortality, have been widely reported.*
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daily life would aid in identifying effective precautions
to lower individual risk.

Many risk factors have been widely reported for
cataract, including older age, diabetes mellitus, and
steroid use.’-® Ultraviolet (UV) radiation, which affects
the human eye in everyday life, has been consistently
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reported as a risk factor for cataract.”-® However, the
detrimental effect of sun exposure in our daily life on
cataract has been reported to be modest and mostly
pertains to cortical cataract. Whether UV radiation
can induce more severe forms of cataract (e.g., requir-
ing surgical treatment) has been less investigated.”-%-10
We think the potential severity of cataract is of great
importance, as people would tend not to neglect the
clear benefits of outdoor activities with regard to our
overall mental and physical well-being when faced with
only a slight increase in lens opacity.

Australia is often referred to as a sun-blessed
country that offers residents rich relationships with the
outdoors.'! Australians receive high levels of UV radia-
tion, making them an ideal population for assessing
sun exposure—related health outcomes.'?>!3 Therefore,
this study aimed to investigate the associations among
outdoor time, skin tanning, and the risk of cataract
requiring surgical treatment over a 10-year study period
based on the Sax Institute’s 45 and Up Study, which is
the largest population-based prospective cohort study
in Australia.'#

Participants

Participants from The Sax Institute’s 45 and Up
Study 45 years of age and older living in New South
Wales (NSW), an area of high ambient solar UV in
Australia, were randomly sampled from the general
population using the Services Australia (formerly
the Australian Government Department of Human
Services) Medicare enrollment database.'* A total of
267,153 participants were recruited from a baseline
from 2006 to 2009, corresponding to 11% of the entire
NSW population of this age group. A study invitation,
a self-administered questionnaire, and a consent form
were mailed to each participant at baseline, and these
documents were mailed back to the study coordinat-
ing center when completed. All participants provided
signed consent for their data to be linked to a range
of Australian health databases, including the Medicare
Benefits Schedule (MBS), which tracked claims records
for diagnostic tests and procedures from January 24,
2001, to December 31, 2016. Detailed study methods
have been described in earlier studies.'*!> The conduct
of the 45 and Up Study was approved by the University
of New South Wales Human Research Ethics Commit-
tee. The study protocol was approved by the Royal
Victorian Eye and Ear Hospital Human Research
Ethics Committee (17/1330HS/20).
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This study included only participants 45 to 65
years old because they were more physically active and
subjects 65 years or older were highly likely to have
already received cataract surgery at baseline. Partici-
pants with a history of cataract surgery based on the
baseline questionnaire or MBS database were excluded
from the study. Participants with a physical function
score of less than 25 were deemed as having physical
restrictions and also excluded from the study. Other
exclusion criteria included history of juvenile cataract
extraction, history of vitrectomy or ocular traumatic
surgeries, and missing data for outdoor time or skin
tanning. The participant selection process is shown in
the Figure.

Measurements

The baseline questionnaire collects information on a
broad range of demographic, socioeconomic, medical
and lifestyle factors and is available on the website of
the 45 and Up Study (http://www.saxinstitute.org.au/
our-work/45-up-study/questionnaires/). Demographic
(including age, sex, education, height, weight),
medical factors (including history of hypertension
and diabetes), and lifestyle factors (including physical
activity [PA] and drinking and smoking status) were
collected from the baseline questionnaire. Age was
categorized into four groups of 45 to 49, 50 to 54, 55
to 59, and 60 to 65 years of age; household income was
also categorized into four groups of <20,000, 20,000
to 40,000, 40,000 to 70,000, and >70,000 Australian
dollars (AUD)/year. Educational attainment was deter-
mined by the highest qualification participants had
completed; the options included no school certificate or
other qualifications amounting to less than 10 years of
school, high school or trade, or a university degree or
higher. Smoking status assessment has been reported
in detail in previous studies, and current and past
smokers were both deemed as smokers in the current
study. Alcohol intake was defined as the number of
alcohol drinks per week based on the question, “About
how many alcoholic drinks do you have each week?”
Participants were dichotomized into <14 drinks and
>14 drinks per week accordingly. We calculated the
metabolic equivalent intensity level for the number of
sessions of PA per week and categorized them into four
groups of <5, >51t09, >9 to 14, and >14 sessions per
week. Detailed assessment and calculation methods
for PA have been reported previously.'®

Outdoor time was assessed based on multiple-
choice questions from the baseline questionnaire (e.g.,
“About how many hours a day would you usually
spend outdoors on a weekday and on the weekend?”).
Skin tanning was based on the question “What
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All participants
(N=267,153)

Y

A4

Excluded:
Aged >65 years: N=103,426

History of cataract surgery based on baseline
questionnaire or MBS database: N=1366

With physical function score <25: N=23,006

‘Working-aged participants
with follow-up data
(N=139,355)

Y

Excluded:
With juvenile cataract extraction: N=0
With vitrectomy or ocular traumatic surgeries: N=59

v Missing data of outdoor time/skin tanning: N=2163

Eligible participants

(N=137,133)

Figure. Participant selection flowchart.

would happen if your skin was repeated exposed to
bright sunlight during summer without any protec-
tion?” Outdoor hours per day on weekdays and
weekends were summarized separately in the question-
naire database and categorized into four groups: <2,
3to4, 5 to 10, and >10 hours per day. Tanning
with repeated sun exposure was also categorized into
four groups in the questionnaire database: get very
tanned, get moderately tanned, get mildly or occasion-
ally tanned, and never tan or only get freckled. In
addition, the color on the inside of upper arm was
assessed by the question “What best describes the color
of the skin on the inside of your upper arm—that is,
your skin color without any tanning?” Six options were
provided, including very fair, fair, light olive, dark olive,
brown, and black.

Outcome Definition

The primary outcome was occurrence of cataract
surgery during the follow-up. Two procedures codes
(42698, Lens Extraction, and 42702, Lens Extraction
and Insertion of Intraocular Lens) represent cataract
surgery in the MBS and were used to differentiate
participants who did and did not receive cataract
surgery in at least one eye during the follow-up period.

Statistical Analysis

All data analysis was performed using SAS 9.4
(SAS Institute, Cary, NC). Body mass index (BMI) was
calculated as weight divided by the square of height
and further categorized into three groups based on
the World Health Organization criteria: normal (<25
kg/m?), overweight (25.0-29.99 kg/m?), and obese (30—

50 kg/m?). Descriptive statistics, including frequencies
and proportions, were used to characterize the study
population at baseline. The y 2 test was used to compare
baseline characteristics of the participants with and
without claim records of cataract surgery during the
follow-up. Two Cox regression models were used to
evaluate the association of outdoor hours per day on
weekdays and weekends and tanning with repeated sun
exposure with the risk of cataract surgery. Model 1
was adjusted for demographic and medical factors, and
model 2 was additionally adjusted for lifestyle factors
and color of skin of the inside of the upper arm. P <
0.05 was considered to be of statistical significance.

Among the 267,153 participants recruited at
baseline (2006-2009), 137,133 participants (51.3%)
were finally included in the current analysis (Fig.).
During the mean 9-year follow-up period (range,
7.0-11.5 years), 14,338 ecligible participants (11.4%)
received cataract surgery in at least one eye, corre-
sponding to an incidence of 10.5%.

Participants’ baseline characteristics are shown in
Table 1. Compared to participants who did not receive
cataract surgery during the follow-up, those who did
were more likely to be of older age (P < 0.001), to be
female (P < 0.001), to have a history of hypertension
(P < 0.001) or diabetes (P < 0.001), to consume fewer
than 14 alcoholic drinks per week (P = 0.003), and to
be a non-smoker (P < 0.001). The two groups of partic-
ipants did not differ significantly in household income,
education level, BMI, or PA level. However, the
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Table 1. Characteristics of Participants Who Did and Did Not Undergo Cataract Surgery During the Follow-Up

Cataract Surgery, n (%)

Factor All, n (%) Yes (n = 14,338) No (n = 122,795) P
Baseline age (y) <0.001
45-49 30,977 (22.6) 929 (6.5) 30,048 (24.5)
50-54 37,072 (27.0) 2187 (15.3) 34,885 (28.4)
55-59 37,695 (27.5) 4452 (31.1) 33,243 (27.1)
60-65 31,389 (22.9) 6770 (47.2) 24,619 (20.0)
Sex <0.001
Male 60,312 (44.0) 5773 (40.3) 54,539 (44.4)
Female 76,821 (56.0) 8565 (59.7) 68,256 (55.6)
Household income (AUD/y) 0.653
<20,000 11,244 (8.2) 1059 (7.4) 10,185 (8.3)
20,000-40,000 19,249 (14.0) 2201 (15.4) 17,048 (13.9)
40,000-70,000 30,966 (22.6) 3413 (23.8) 27,553 (22.4)
>70,000 51,556 (37.6) 4822 (33.6) 46,734 (38.1)
Missing 24,118 (17.6) 2843 (19.8) 21,275 (17.3)
Highest education 0.556
University 9381 (6.8) 883 (6.2) 8498 (6.9)
High school/technical and further education 84,902 (61.9) 9013 (62.9) 75,889 (61.8)
(TAFE)
<10y 41,646 (30.4) 4313 (30.1) 37,333 (30.4)
BMI 0.502
Normal 50,040 (36.5) 5133 (35.8) 44,907 (36.6)
Overweight 51,152 (37.3) 5472 (38.2) 45,680 (37.2)
Obesity 28,244 (20.6) 2994 (20.9) 25,250 (20.6)
Missing 7697 (5.6) 739 (5.2) 6958 (5.7)
Diabetes <0.001
Yes 6844 (5.0) 1123 (7.8) 5721 (4.7)
No 130,289 (95.0) 13,215 (92.2) 117,074 (95.3)
Hypertension <0.001
Yes 35,135 (25.6) 4640 (32.4) 30,495 (24.8)
No 101,998 (74.4) 9698 (67.6) 92,300 (75.2)
Smoker (current + past) <0.001
Yes 11,528 (8.4) 780 (5.4) 10,748 (8.8)
No 125,600 (91.6) 13,558 (94.6) 112,042 (91.2)
Alcohol consumption per week 0.003
<14 drinks 98,569 (71.9) 10,463 (73.0) 88,106 (71.8)
>14 drinks 36,865 (26.9) 3678 (25.7) 33,187 (27.0)
Physical activity (sessions/wk) 0.140
<5 22,279 (16.2) 2166 (15.1) 20,113 (16.4)
>5-9 39,680 (28.9) 4217 (29.4) 35,463 (28.9)
>9-14 32,985 (24.1) 3601 (25.1) 29,384 (23.9)
>14 39,027 (28.5) 4017 (28.0) 35,010 (28.5)
Tanning with repeated sun exposure <0.001
Get very tanned 41,168 (30.0) 3971 (27.7) 37,197 (30.3)
Get moderately tanned 55,048 (40.1) 5897 (41.1) 49,151 (40.0)
Get mildly or occasionally tanned 29,595 (21.6) 3210(22.4) 26,385 (21.5)
Never tan only get freckled 11,322 (8.3) 1260 (8.8) 10,062 (8.2)
Outdoors on weekdays (hr/d) 0.007
<2 79,635 (58.1) 8042 (56.1) 71,593 (58.3)
3-4 24,582 (17.9) 2949 (20.6) 21,633 (17.6)
5-10 19,015 (13.9) 2065 (14.4) 16,950 (13.8)
10+ 11,122 (8.1) 1000 (7.0) 10,122 (8.2)
Outdoors on weekends (hr/d) <0.001
<2 30,517 (22.3) 3585 (25.0) 26,932 (21.9)
3-4 41,500 (30.3) 4422 (30.8) 37,078 (30.2)
5-10 45,930 (33.5) 4581 (32.0) 41,349 (33.7)
10+ 16,104 (11.7) 1427 (10.0) 14,677 (12.0)
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distribution of time outdoors on weekdays (P = 0.001)
and on weekends (P < 0.001) and tanning with repeated
sun exposure (P < 0.001) were significantly different
between the two groups.

Cox regression analysis showed that, after adjusting
for multiple confounders including age, sex, income,
ethnicity, BMI, diabetes, hypertension, smoking,
drinking, PA, and color of skin on the inside of the
upper arm, fewer outdoor hours on weekends (P
trend < 0.001) and milder tanning with repeated sun
exposure (P trend = 0.041) were significantly associ-
ated with a higher risk of cataract surgery during the
follow-up (Table 2). Compared to participants who
spent less than 2 hours outdoor on weekend, those
who spent more than 10 hours had a 9% decreased
risk of cataract surgery. Compared to participants
who get very tanned with repeated sun exposure, those
who never tan or only get freckled had a 5% increased
risk of cataract surgery. In addition, participants who
spent more than 10 hours outdoors on weekdays
also had a significantly lower risk of cataract surgery
compared to those who spent less than 2 hours (hazard
ratio [HR] = 0.93; 95% confidence interval [CI], 0.86—
0.99), although the trend analysis was not statistically
significant (P = 0.055).

Subgroup analysis showed that the interactive
associations between cataract surgical risk and outdoor
hours on weekdays and weekend were not influenced
by age, gender, BMI, smoking, drinking, or PA status
(Tables 3, 4). A significant trend toward a larger reduc-
tion of cataract surgical risk with longer outdoor
times on weekdays was observed among the following
subgroup of participants: 60 to 65 years of age (P for
trend <0.001), men (P for trend = 0.002), women (P
for trend = 0.005), overweight (P for trend = 0.009),
and obese (P for trend = 0.001). A similar trend was
also observed for participants with varying smoking,
alcohol consumption, and PA status (except for PA
> 5 to 9 sessions per week). Regarding time spent
outdoors on weekends, a significant trend in reduced
cataract surgical risk with longer time spent outdoors
was observed among participants 60 to 65 years of age
(P for trend = 0.002), women (P for trend < 0.001),
overweight participants (P for trend = 0.004), non-
smokers (P for trend = 0.001), and participants with
varying alcohol drinking status and with PA levels of
<5 sessions per week (P for trend = 0.001) and >9 to
14 sessions/week (P = 0.008). The increased cataract
surgical risk related to milder tanning with repeated sun
exposure was more pronounced among older partic-
ipants (P for interaction = 0.003), whereas interac-
tions with other factors were not significant (Table 5).
Participants 65 to 65 years of age who never tanned or
only get freckled had an 11% increased risk of cataract

P for Trend
0.055
<0.001
0.041

Model 2

HR (95% Cl)

1.0

1.01 (0.97-1.06)

0.98 (0.93-1.03)

0.93 (0.86-0.99)
1.0

0.94 (0.90-0.99)

0.92 (0.88-0.97)

0.91 (0.85-0.97)
1.0

1.05 (1.00-1.09)

1.07 (1.01-1.13)

1.05 (0.97-1.13)

Multiple Regression Analysis

P for Trend
0.035
<0.001
0.048

Model 1

HR (95% Cl)

1.0

1.01 (0.96-1.05)

0.97 (0.92-1.02)

0.92 (0.86-0.99)
1.0

0.94 (0.90-0.99)

0.92 (0.88-0.97)

0.91 (0.85-0.97)
1.0

1.03 (0.99-1.08)

1.05 (1.00-1.10)
1.04 (0.98-1.11)

P for Trend
0.537
<0.001
<0.001

Univariate Analysis

HR (95% Cl)

1.0

1.20 (1.15-1.25)
1.0

0.91 (0.87-0.95)

0.85 (0.82-0.89)

0.76 (0.71-0.81)
1.0

1.12(1.08-1.17)

1.08 (1.03-1.14)
0.89 (0.84-0.95)
1.15(1.09-1.20)
1.17 (1.10-1.25)

2949/24,582 (12)
2065/19,015 (10.86)
1000/11,122 (8.99)
3585/30,517 (11.75)
4422/41,500 (10.66)
4581/45,930 (9.97)
1427/16,104 (8.86)
3971/41,168 (9.65)
5897/55,048 (10.71)
3210/29,595 (10.85)
1260/11,322 (11.13)

Events/Participants, n (%)
8042/79,635 (10.1)

(ref.)
(ref.)

Model 1 was adjusted for age, sex, income, education, ethnicity, BMI, diabetes, and hypertension. Model 2 was further adjusted for smoker, alcohol, physical

activity, and color of skin on the inside of the upper arm.

Get mildly or occasionally tanned
Never tan, only get freckled

Get very tanned (ref.)
Get moderately tanned

<2
3-4
5-10
10+
<2
3-4
5-10
10+

Table 2. Cox Regression Analysis of Associations Between Sun Exposure and the Risk of Cataract Surgery During the Follow-Up

Tanning with repeated sun exposure

Outdoors on weekday (hr/d)
Outdoors on weekend (hr/d)

Factors
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Table 3. Subgroup Analysis of Associations Between Weekday Outdoor Hours Per Day and the Risk of Cataract

Surgery During the Follow-Up

Weekday Outdoor Hours Per Day

3-4vs. <2 5-10vs. <2 10+ vs. <2 P for
Factors HR (95% Cl) HR (95% Cl) HR (95% Cl) Pfor Trend Interaction
Baseline age (y) 0.303
45-49 0.95(0.78-1.16) 1.01(0.81-1.26) 0.84 (0.63-1.12) 0.208
50-54 0.94 (0.82-1.06) 0.96 (0.82-1.11)  1.06 (0.89-1.27) 0.266
55-59 1.04 (0.96-1.13) 0.99(0.90-1.09) 0.95 (0.84-1.08) 0.096
60-65 1.01 (0.95-1.08) 0.97 (0.90-1.04) 0.88(0.80-0.98)*  <0.001
Sex 0.640
Male 1.01 (0.94-1.08) 0.98 (0.91-1.05) 0.93 (0.85-1.02) 0.002
Female 1.01 (0.96-1.07) 0.98 (0.91-1.05) 0.92 (0.83-1.03) 0.005
BMI 0.504
Normal 1.02 (0.95-1.10) 1.01(0.93-1.10)  0.93 (0.82-1.06) 0.080
Overweight 0.98 (0.91-1.05) 0.94 (0.86-1.02) 0.96 (0.86-1.07) 0.009
Obesity 1.02 (0.93-1.13) 0.93(0.83-1.05) 0.85 (0.73-0.98)° 0.001
Smoker (current + past) 0.019
Yes 0.88 (0.73-1.06) 0.89 (0.73-1.10) 0.72 (0.55-0.94)*  <0.001
No 1.02 (0.97-1.07) 0.98 (0.93-1.03) 0.94 (0.88-1.01) <0.001
Alcohol consumption per week 0.987
<14 drinks 1.02 (0.97-1.07) 0.99(0.94-1.05) 0.92 (0.85-1.00) 0.002
>14 drinks 0.98 (0.90-1.07) 0.90(0.81-1.00) 0.94 (0.82-1.08) <0.001
Physical activity (sessions/wk) 0.716
<5 0.93(0.82-1.06) 0.84(0.73-0.98)® 0.94 (0.78-1.12) 0.014
>5-9 1.00(0.92-1.09) 1.05(0.95-1.16) 0.99 (0.87-1.13) 0.387
>9-14 1.02(0.94-1.11) 0.92(0.83-1.02) 0.87(0.75-1.01) 0.002
>14 1.04 (0.96-1.13) 1.02(0.93-1.11) 0.92(0.81-1.03) 0.019

dIndicates P value < 0.05.

surgery compared to those who get very tanned. It
should be noted that consideration should be given
to the generalizability of the results and conclusions,
given the participation rate of ~18%.

Cataract formation and progression are variously
affected by many factors. The association between
outdoor sun exposure and cataract risk should be
investigated in a large sample with appropriate control
of the many confounding factors. Many previous
studies have consistently reported positive associations
between increased sun exposure and cataract, but most
have had small sample sizes and failed to account
for confounders; their case-control or cross-sectional
study design has also hindered assessment of causal
associations.!” One case-control study (354 partici-
pants) in Australia reported strong positive associa-
tions between occupational sun exposure and nuclear
cataract,/ whereas another case-control study (677

participants) in Spain found no significant associa-
tions between years of outdoor exposure and cataract
risk.!” The Taizhou Eye Study, based on 2006 rural
Chinese adults, reported outdoor activity as a risk
factor for cortical cataract with an odds ratio of 1.043,
whereas another study of Han Chinese people living
in areas with varying UV intensities reported that
high UV exposure was associated with an increased
odds ratio for nuclear cataract.®* The CASA study of
geographically diverse populations of India included
9735 participants and found that nuclear and cortical
cataracts showed a positive association with increased
sun exposure but not posterior subcapsular cataract.'”
The U.S. Radiologic Technologist Study reported that
ambient UV radiation was associated with increased
risk of cataract and cataract surgery.'®

Although itis true that UV exposure has a detrimen-
tal effect on human lenses, existing evidence from previ-
ous studies indicates only a modest increase in overall
cataract risk with outdoor sun exposure.'?>° However,
we should primarily be concerned with the risk of
severe cataract, as the benefits of sun exposure and
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Table 4. Subgroup Analysis of Associations Between Weekend Outdoor Hours Per Day and the Risk of Cataract

Surgery During the Follow-Up

Weekend Outdoor Hours Per Day

3-4vs. <2 5-10vs. <2 10+ vs. <2 P for
Factors HR (95% Cl) HR (95% Cl) HR (95% Cl) P for Trend Interaction
Baseline age (y) 0.293
45-49 0.96 (0.80-1.16) 0.97 (0.81-1.17)  0.90 (0.71-1.16) 0.486
50-54 0.91 (0.82-1.03) 0.94(0.83-1.05) 0.89(0.76-1.05) 0.185
55-59 0.92 (0.85-1.00) 0.92(0.84-1.00) 0.96 (0.85-1.07) 0.153
60-65 0.97 (0.91-1.03)  0.92(0.86-0.99)* 0.90 (0.81-0.99)2 0.002
Sex 0.107
Male 0.97 (0.89-1.06) 0.95 (0.88-1.03) 0.95 (0.86-1.05) 0.217
Female 0.94 (0.89-0.99)* 0.92(0.87-0.97) 0.87 (0.79-0.96)*  <0.001
BMI 0.233
Normal 0.91 (0.85-0.98)* 0.93 (0.86-1.00)* 0.92 (0.82-1.03) 0.053
Overweight 0.98 (0.91-1.06)  0.90 (0.83-0.97)* 0.90 (0.81-1.00)2 0.004
Obesity 0.94 (0.85-1.04) 0.94(0.85-1.05) 0.90(0.79-1.03) 0.116
Smoker (current 4 past) 0.939
Yes 1.09 (0.88-1.34) 0.92(0.74-1.13) 0.83(0.64-1.08) 0.107
No 0.94 (0.90-0.98)* 0.92(0.88-0.97)* 0.92 (0.86-0.98)7 0.001
Alcohol consumption per week 0.110
<14 drinks 0.96 (0.91-1.01)  0.93 (0.88-0.99)* 0.93 (0.86-1.00) 0.008
>14 drinks 0.92 (0.84-1.00) 0.91 (0.83-0.99)* 0.88(0.77-1.01) 0.003
Physical activity (sessions/wk) 0.724
<5 0.83 (0.75-0.93)* 0.82(0.73-0.92) 0.85 (0.72-1.00) 0.002
>5-9 0.97 (0.89-1.05) 1.00(0.92-1.08) 0.95(0.84-1.07) 0.597
>9-14 0.94 (0.86-1.03) 0.89(0.81-0.97)* 0.89 (0.78-1.02) 0.008
>14 1.01(0.92-1.10) 0.96 (0.88-1.05) 0.94 (0.84-1.06) 0.115

aIndicates P value < 0.05.

outdoor activity should not be overlooked, especially
in light of the potential for mild cloudiness of the
lens having a negligible effect on vision and quality of
life. Our study included 137,133 participants from a
representative population-based Australian cohort and
found that increased outdoor time was associated with
a lower risk of cataract requiring surgical treatment
during a 10-year follow-up. To our knowledge, this
is the largest cohort study with the longest follow-up
period regarding this issue, and 12 potential confound-
ing factors were adjusted for in the regression model.
One might argue that sun protection behaviors, includ-
ing wearing sunglasses, could directly influence the risk
of cataract but these were not adjusted for in the regres-
sion model due to a lack of data regarding this variable.
In our study, we assumed that the sunglasses wearing
rate was similar for people who did and did not receive
cataract surgery, given that people in these two groups
had similar education level and income status (Table 1).
Considering the older age in the cataract surgery group

and the significant benefit of time spent outdoors with
regard to cataract surgery risk in older participants
(Tables 1, 3), it is unlikely that further adjusting for
sunglasses wearing behavior would change the study
findings. It has been reported that 71% of Australians
own at least one pair of sunglasses, and 79% of them
wear them most of the time when outside on a sunny
day.”! Thus, our study findings might not be directly
applied to other regions with lower rates of sunglass
wear. Nevertheless, we clearly recommend that people
wear sunglasses outdoors to minimize the detrimen-
tal effects of direct UV light on lens. In a response
letter published in the British Medical Journal, the
author suggested that sunlight was not responsible for
cataracts unless co-affected by other factors and that
people should go out in the sun more, not less.”> The
effect of UV exposure on lenses has been suggested
to be related to oxidative stress,”> but the underlying
mechanism of the protective effect of outdoor time on
surgically treated cataract in this study is unclear, which
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Table 5. Subgroup Analysis of Associations Between Tanning With Repeated Sun Exposure and the Risk of
Cataract Surgery During the Follow-Up

Weekend Outdoor Hours Per Day

translational vision science & technology

Moderately vs. Very Mildly vs. Very Never vs. Very P for
Factors Tanned HR (95% Cl) Tanned HR (95% Cl) Tanned HR (95% Cl) P for Trend Interaction
Baseline age (y) 0.003
45-49 0.90 (0.77-1.06) 0.89 (0.73-1.09) 0.74 (0.55-1.00) 0.165
50-54 1.04 (0.94-1.16) 1.03 (0.90-1.18) 0.93(0.77-1.14) 0.305
55-59 1.09(1.01-1.18)? 1.11 (1.01-1.21)° 1.07 (0.93-1.22) 0.194
60-65 1.04 (0.98-1.11) 1.08 (1.00-1.16)° 1.11 (1.00-1.23)? 0.008
Sex 0.376
Male 1.07 (1.00-1.14)? 1.12(1.03-1.21)° 1.04 (0.91-1.18) 0.075
Female 1.02 (0.96-1.08) 1.03 (0.96-1.11) 1.03 (0.94-1.13) 0.296
BMI 0.857
Normal 1.05 (0.98-1.13) 1.11(1.02-1.21)? 1.09 (0.96-1.23) 0.127
Overweight 1.01 (0.95-1.09) 1.04 (0.95-1.13) 1.02 (0.90-1.15) 0.384
Obesity 1.07 (0.98-1.18) 1.06 (0.94-1.18) 1.04 (0.89-1.21) 0.511
Smoker (current + past) 0.225
Yes 0.98 (0.83-1.17) 1.06 (0.86-1.32) 0.85 (0.60-1.19) 0.921
No 1.05 (1.00-1.10)? 1.07 (1.01-1.13)? 1.06 (0.98-1.14) 0.056
Alcohol consumption per week 0.679
<14 drinks 1.04 (0.99-1.09) 1.07 (1.00-1.13)? 1.07 (0.98-1.17) 0.086
>14 drinks 1.06 (0.97-1.15) 1.06 (0.96-1.17) 1.01 (0.89-1.16) 0.311
Physical activity (sessions/wk) 0.842
<5 1.00 (0.90-1.12) 1.08 (0.95-1.23) 1.07 (0.90-1.27) 0.209
>5-9 1.02 (0.94-1.11) 1.05 (0.96-1.16) 1.05 (0.92-1.19) 0.361
>9-14 1.06 (0.97-1.15) 1.04 (0.94-1.16) 0.97 (0.83-1.12) 0.979
>14 1.08 (1.00-1.17)? 1.10 (0.99-1.21) 1.11 (0.96-1.27) 0.097

dIndicates P value < 0.05.

could be related to a higher antioxidative capability
with more outdoor activities or increased vitamin D
level. More studies are needed in the future to better
understand the association.

Another interesting finding of the current study
is that people who were more likely to get tanned
with repeated sun exposure had lower risk of cataract
surgery during the follow-up compared to those less
likely to get tanned, even after adjusting for ethnicity.
Tanning of the skin depends primarily on the degree
of UV radiation and the amount of melanin in the
skin.®* A suntan is a sign that the skin is releasing
melanin, which is a natural protector against the UV
rays of the sun.>> Given that epidermal melanin varies
among ethnicities, the study finding was adjusted for
the color of the skin on the inside of the upper arm.
Easy tanning with sun exposure was believed to be
the most important photoprotective factor, consider-
ing that melanin has both broadband UV absorbent
and antioxidant properties. Previous studies have also
found that subjects with darker skin or who easily
suntan had a lower incidence of skin cancer.’® We
suggest that one explanation could be that those who
tan easily have higher melanin levels and better antiox-
idant capability and thus a lower risk of cataract.

Older participants who tanned less were found to
have increased cataract risk, which could be due to
reduced melanin levels due to older age.”’” The regula-
tory mechanisms involved in skin pigmentation are
complex and not fully understood, so future studies are
necessary to further illustrate the underlying biological
associations.

This strengths of this study lie in its population-
based prospective cohort design, its large sample size,
the availability of a comprehensive set of variables,
and its long-term follow-up. However, several limita-
tions of this study should be noted, as well. First,
despite the large sample size that provided adequate
power, cataract surgeries performed in public hospi-
tals were not taken into account in the current study,
given the difficulty of gathering data for such a large
population. It would be nearly impossible to collect
complete information for such a large population. It
has been reported that 72% of the cataract surgeries
during the study period were performed in private facil-
ities, suggesting a good representativeness of our study
sample.”® Second, direct UVA/UVB measurements
reflecting the intensity and extent of sun exposure were
not available for this study. Also, data for sun-exposure
behavior were only available at baseline, and the current



translational vision science & technology

Outdoor Time, Skin Tanning, and Cataract Risk

analyses were based on the assumption that these adult
participants would not change their habits during the
follow-up. We had no data from follow-up question-
naires, so potential behavior changes during the follow-
up were not assessed. Third, data regarding the use of
sunglasses and hats were not available for this study
and were not adjusted for in the statistical model. This
might bias the study findings but to what extent we
did not know. Finally, gene polymorphisms may be
confounders in the relationship of cataract with UV
radiation exposure, but this was not accounted for in
the current study nor any previous studies.

In conclusion, using 10-year follow-up data from
the large-scale, population-based 45 and Up Study, we
found reduced risk of cataract surgery among partic-
ipants who reported more outdoor time. This finding
should be interpreted within the context of the many
people who use sun protection in Australia. We found
that subjects who tan easily had lower risk, suggest-
ing a potential role between melanin and cataract. The
reasons for this finding remain unclear and should be
studied further.

Acknowledgments

This research was completed using the data
collected from the 45 and Up Study (www.saxinstitute.
org.au). The 45 and Up Study is managed by the
Sax Institute, in collaboration with its major partner,
Cancer Council New South Wales (NSW), and the
following partners: The Heart Foundation; NSW
Ministry of Health; NSW Department of Communi-
ties and Justice; and the Australian Red Cross Blood
Service. We thank Services Australia for supplying the
Medicare Benefits Schedule (MBS) data to the Sax
Institute. The authors thank the many thousands of
people who participated in the 45 and Up Study.

Supported by a grant from the National Natural
Science Foundation of China (82101171 to X.H.);
by the University of Melbourne under the Research
Accelerator Program and the Centre for Eye Research
Australia (CERA) Foundation, which receives opera-
tional infrastructure support from the Victorian
State Government (M.H.); by a National Health
and Medical Research Council Investigator Grant
(GNTI1175405 to M.H.); by a grant from the Funda-
mental Research Funds of the State Key Laboratory
in Ophthalmology, National Natural Science Founda-
tion of China (81420108008 to M.H.); and by a grant
from the Construction Project of High-Level Hospi-
tals in Guangdong Province (303020102 to L.L.). The

TVST | June 2022 | Vol. 11 | No.6 | Article3 | 9

sponsor or funding organization had no role in design-
ing or conducting this research.

Disclosure: X. Han, None; J. Zhang, None; W.
Wang, None; Z. Liu, None; X. Tan, None; X. Shang,
None; L. Zhang, None; M. He, None; L. Luo, None

References

1. Foreman J, Xie J, Keel S, et al. Cataract surgery
coverage rates for Indigenous and non-Indigenous
Australians: the National Eye Health Survey. Med
J Aust. 2017;207:256-261.

2. Flaxman SR, Bourne RRA, Resnikoff S, et al.
Global causes of blindness and distance vision
impairment 1990-2020: a systematic review and
meta-analysis. Lancet Glob Health. 2017;5:¢1221—
el234.

3. Morris D, Fraser SG, Gray C. Cataract surgery
and quality of life implications. Clin Interv Aging.
2007;2:105-108.

4. Zhu Z, Wang L, Scheetz J, He M. Age-related
cataract and 10-year mortality: the Liwan Eye
Study. Acta Ophthalmol. 2020;98:¢328—e332.

5. West SK, Duncan DD, Munoz B, et al. Sunlight
exposure and risk of lens opacities in a population-
based study: the Salisbury Eye Evaluation project.
JAMA. 1998;280:714-718.

6. Floud S, Kuper H, Reeves GK, Beral V, Green
J. Risk factors for cataracts treated surgically
in postmenopausal women. Ophthalmology.
2016;123:1704-1710.

7. Neale RE, Purdie JL, Hirst LW, Green AC. Sun
exposure as a risk factor for nuclear cataract. Epi-
demiology. 2003;14:707-712.

8. Miyashita H, Hatsusaka N, Shibuya E, et al.
Association between ultraviolet radiation exposure
dose and cataract in Han people living in China
and Taiwan: a cross-sectional study. PLoS One.
2019;14:e0215338.

9. Tang Y, Ji Y, Ye X, et al. The association of out-
door activity and age-related cataract in a rural
population of Taizhou Eye Study: phase 1 report.
PLoS One. 2015;10:e0135870.

10. Vashist P, Tandon R, Murthy GVS, et al. Associa-
tion of cataract and sun exposure in geographically
diverse populations of India: the CASE study. First
Report of the ICMR-EYE SEE Study Group.
PLoS One. 2020;15:¢0227868.

11. Hitzenberger CK, Drexler W, Dolezal C, et al.
Measurement of the axial length of cataract eyes
by laser Doppler interferometry. Invest Ophthalmol
Vis Sci. 1993;34:1886-1893.


http://www.saxinstitute.org.au

translational vision science & technology

Outdoor Time, Skin Tanning, and Cataract Risk

12.

13.

14.

15.

16.

17.

18.

19.

20.

Gies P. Australia has more than enough solar UV
radiation. Clin Exp Optom. 2003;86:71-73.

Grant WB, Garland CF. Sun exposure may
increase risk of prostate cancer in the high UV
environment of New South Wales, Australia: a
case-control study. Int J Cancer. 2012;131:2204—
2205; author reply 2206-2207.

45 and Up Study Collaborators,Banks E, Redman
S, et al. Cohort profile: the 45 and Up Study. Int J
Epidemiol. 2008;37:941-947.

Yan X, Han X, Wu C, Shang X, Zhang L, He M.
Effect of physical activity on reducing the risk of
diabetic retinopathy progression: 10-year prospec-
tive findings from the 45 and Up Study. PLoS Orne.
2021;16:¢0239214.

Wu C, Han X, Yan X, Shang X, Zhang L., He M.
Associations between physical activity and cataract
treated surgically in patients with diabetes: find-
ings from the 45 and Up Study. Br J Ophthalmol.
2019;103:1099-1105.

Pastor-Valero M, Fletcher AE, de Stavola BL,
Chaques-Alepuz V. Years of sunlight exposure and
cataract: a case-control study in a Mediterranean
population. BMC Ophthalmol. 2007;7:18.

Delavar A, Freedman DM, Velazquez-Kronen
R, et al. Ultraviolet radiation and incidence of
cataracts in a nationwide US cohort. Ophthalmic
Epidemiol. 2018;25:403—411.

Delcourt C, Cougnard-Gregoire A, Boniol M,
et al. Lifetime exposure to ambient ultraviolet radi-
ation and the risk for cataract extraction and age-
related macular degeneration: the Alienor Study.
Invest Ophthalmol Vis Sci. 2014;55:7619-7627.
Thiagarajan R, Manikandan R. Antioxidants and
cataract. Free Radic Res. 2013;47:337-345.

21.

22.

23.

24.

25.

26.

27.

28.

TVST | June 2022 | Vol. 11 | No. 6 | Article 3 | 10

Sweeney Research. Sunglasses and fashion spec-
tacles: consumer purchasing decisions. Available
at: https://www.productsafety.gov.au/system/files/
Sunglasses’20and%20fashion%20spectacles’o
20-%20Consumer%20purchasing?20decisions%o
20-%20Research%20report.PDF. Accessed May
27, 2022.

Groves BA. Rapid response to: Ozone depletion
will bring big rise in number of cataracts. BMJ.
2005;331:1292.

Varma SD, Kovtun S, Hegde KR. Role of
ultraviolet irradiation and oxidative stress in
cataract formation-medical prevention by nutri-
tional antioxidants and metabolic agonists. Eye
Contact Lens. 2011;37:233-245.

Nahhas AF, Abdel-Malek ZA, Kohli I, Braun-
berger TL, Lim HW, Hamzavi IH. The poten-
tial role of antioxidants in mitigating skin hyper-
pigmentation resulting from ultraviolet and visible
light-induced oxidative stress. Photodermatol Pho-
toimmunol Photomed. 2019;35:420-428.

Slominski A, Postlethwaite AE. Skin under the
sun: when melanin pigment meets vitamin D.
Endocrinology. 2015;156:1-4.

Brenner M, Hearing VJ. The protective role of
melanin against UV damage in human skin. Pho-
tochem Photobiol. 2008;84:539-549.

Itou T, Ito S, Wakamatsu K. Effects of aging on
hair color, melanosome morphology, and melanin
composition in Japanese females. Int J Mol Sci.
2019;20:3739.

Sedaghat F, Ghanavati M, Nezhad Hajian P,
Hajishirazi S, Ehteshami M, Rashidkhani B.
Nutrient patterns and risk of cataract: a case-
control study. Int J Ophthalmol. 2017;10:586-592.


https://www.productsafety.gov.au/system/files/Sunglasses1020and1020fashion1020spectacles1020101020Consumer1020purchasing1020decisions1020101020Research1020report.PDF

