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Abstract

Purpose—To evaluate the relation between time spent outdoors at various life periods and risk
of exfoliation glaucoma or exfoliation glaucoma suspect.

Design—Retrospective cohort study in the United States.

Methods—~Participants (49,033 women in the Nurses Health Study and 20,066 men in the Health
Professionals Follow-up Study) were 60+ years old, free of glaucoma and cataract, reported eye
exams and completed questions about time spent outdoors in direct sunlight at mid-day at 3 life
periods: high school to age 24 years, age 25-35 years, and age 36-59 years (asked in 2006 in
women and 2008 in men). Participants were followed biennially with mailed questionnaires from
1980 (women) / 1986 (men) to 2010. Incident cases (223 women and 38 men) were confirmed
with medical records. Cohort-specific multivariable-adjusted rate ratios from Cox proportional
hazards models were estimated and pooled with meta-analysis.

Results—Although no association was observed with greater time spent outdoors in the ages of
25-35 or ages 36-59 years, the pooled multivariable-adjusted rate ratios for =11 hours per week
spent outdoors in high school to age 24 years compared with <5 hours per week was 2.00 (95%
confidence interval=1.30, 3.08; p for linear trend=0.001). In women, this association was stronger
in those who resided in the southern geographic tier in young adulthood (p for interaction = 0.07).

Conclusions—Greater time spent outdoors in young adulthood was associated with risk of
exfoliation glaucoma or exfoliation glaucoma suspect, supporting an etiologic role of early
exposures to climatic factors.
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INTRODUCTION

Exfoliation syndrome can lead to serious ocular disease, such as secondary glaucoma? and
retinal vein occlusion.2™® It can also lead to premature cataract® and is frequently associated
with cataract surgery complications.’-10 The underlying pathologic mechanisms of
exfoliation syndrome that lead to the characteristic extracellular deposits in the anterior
segment of the eye is believed to involve disordered extracellular matrix metabolism;11 this
is bolstered by the established link with common variants in the gene LOXL1 that codes for
lysyl oxidase-like 1 enzyme,12 which catalyzes the first step in the formation of crosslinks in
collagens and elastin. However, LOXL1 gene variants occur in roughly 80% of controls,
indicating that many unanswered questions remain regarding the etiology of exfoliation
syndrome.

One clue that may shed light on the etiology of exfoliation syndrome is the striking trend of
the disease being more common with greater distance from the equator, which has been
observed throughout Europe, the Middle East, Asia and North America.13-19 For example, in
the cohorts of the Nurses Health Study and Health Professionals Follow-up Study from the
United States, compared to northern tier residence (=42° north), southern tier residence
(<37° north), p articularly in adolescence, was associated with a 75% reduced risk of
exfoliation glaucoma or exfoliation glaucoma suspect.18 In addition, Stein et al.1% confirmed
that in the United States, current residence in the southern tier was associated with the
lowest risk of exfoliation syndrome; in this study, several climatic factors were explored to
elucidate the latitude gradient — of these, colder temperatures in the summer and winter
months as well as greater number of sunny days per year were identified as independent
predictors of increased risk of exfoliation syndrome. These data might suggest that greater
time spent outdoors would increase the risk. Indeed, one study from Andhra Pradesh, India,
found that working in occupations involving outdoor activities?? was associated with ES,21
and this was confirmed in other studies from the subcontinent.22:23 However, only one study
has evaluated current time spent outdoors in a general population and did not identify it as
risk factor for exfoliation syndrome.24 Thus, the data is limited, and time spent outdoors at
different life stages has been little explored.

We used data from two cohorts of 49,033 women and 20,066 men aged 60 or more years
living in the United States who were followed for at least 20 years for this analysis. They
provided information on residence and time spent outdoors at 3 life periods (high school to
age 24 years, age 25-35 years, and age 36-59 years) as well as other lifestyle and health
information so we could examine the relation between time spent outdoors and risk of
exfoliation glaucoma or exfoliation glaucoma suspect.

METHODS

Description of the cohort at risk for exfoliation glaucoma or exfoliation glaucoma suspect

This was a retrospective cohort study using data from two health professional cohorts. The
Nurses Health Study is an ongoing cohort study initiated in 1976 when 121,700 female
registered nurses completed a health questionnaire; the aim was to evaluate the long-term
health effects of oral contraceptives.2> 26 Established in 1986, the Health Professionals
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Follow-up Study is an ongoing cohort of 51,529 male health professionals (dentists,
veterinarians, pharmacists, optometrists, osteopaths and podiatrists); participants completed
a similar questionnaire for the evaluation of the health effects of nutritional factors.2’
Participants from both cohorts have been followed biennially with mailed questionnaires
that allowed for updating health and lifestyle information. The study period was 1980 —
2010 for women and 1986 — 2010 for men. The study and data accrual were carried out with
prospective approval from the Institutional Review Boards of the Brigham & Women’s
Hospital and Harvard School of Public Health and are in accordance with Health Insurance
Portability and Accountability Act regulations.

Participants were excluded from analysis at baseline (defined as 1980 for women and 1986
for men) for the following reasons: 1) 23,239 women who did not respond to the initial 1980
semiquantitative food frequency questionnaire (as the relation between diet and glaucoma
was a major objective of this study), 2) 5,994 women and 1,596 men with inadequate dietary
information on the food questionnaire (for women, adequate dietary information consisted
of >50 of 61 items completed, yielding 500-3500 kilocalories per day, while for men, >61
out of 131 items completed with a total caloric intake range of 800-4200 kilocalories per day
was regarded as adequate), 3) 3,624 women and 1,927 men who reported cancers excluding
nonmelanoma skin cancer prior to a glaucoma diagnosis (because a cancer diagnosis could
profoundly affect lifestyle), 4) 846 women and 1,034 men who self-reported a diagnosis of
glaucoma or glaucoma suspect at baseline, 5) 739 women and 984 men lost to follow-up
shortly after baseline, 6) 5,659 women and 3,281 men who never reported an eye exam
during follow-up and 7) 91 women and 169 with a history of cataract extraction in either eye
at baseline (because exfoliation material is difficult to detect in the pseudophakic or aphakic
state) and 8) 24,945 women and 19,982 men with missing information on time spent
outdoors at various life periods, which were asked about in the 2006 and 2008
questionnaires, respectively. At each two-year risk period, we applied additional exclusions
for participants who were under age 60 years and who did not report having had an eye
exam in the two years at risk; we only included participants in a given 2-year risk period if
they were at least 60 years of age or reported an eye exam. By 2010, a total of 49,033
women and 20,006 men contributed person-time. Follow-up rates through 2010 were high
(> 85% of the total possible person-time). Participants contributed person-time until the date
of confirmation as cases of exfoliation glaucoma or exfoliation glaucoma suspect, a self-
report of glaucoma, a self-report of cataract extraction, a diagnosis of cancer other than
nonmelanoma skin cancer, loss to follow-up, death, or the end of the study (2010), and then
they were censored.

Case identification and confirmation

In all biennial questionnaires from 1986 in both cohorts, we included a question on
physician-diagnosed glaucoma. For participants who self-reported such a diagnosis, we
sought permission to obtain their medical information from all eye care providers. We then
asked the diagnosing eye care provider of record to send all available visual field reports and
to fill out a glaucoma questionnaire, which asked about the presence of exfoliation material
or other secondary causes for elevated intraocular pressure, maximum untreated intraocular
pressure, optic nerve features, and status of the filtration apparatus. Alternatively, eye care
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providers could provide copies of the complete medical records and all visual field reports
related to the glaucoma diagnosis. For confirmation and classification, a glaucoma specialist
(Dr. Louis R. Pasquale) evaluated the questionnaire or medical record information as well as
the visual field data in a standardized manner. We included in the analysis only those cases
classified as having either exfoliation glaucoma or exfoliation glaucoma suspect.
Specifically, exfoliation glaucoma was considered to be present if documentation showed
exfoliation material with =2 reliable visual field tests showing reproducible visual field loss
consistent with glaucoma, and exfoliation glaucoma suspect was considered to be present if
documentation showed exfoliation material plus one of the following three glaucomatous
signs in the same affected eye(s): 1) a history of intraocular pressure >21 mm Hg or 2) cup-
to-disc ratio >0.7 or the inter-eye difference in cup-to-disc ratio =0.2 or 3) only one reliable
visual field test showing glaucomatous visual field loss. Those found to have exfoliation
material only without any visual field loss, intraocular pressure elevation or abnormal cup-
to-disc ratios in the affected eye(s) were not considered as cases and were censored from the
analysis as of diagnosis date. During the study period, 8,032 women and 3,316 men reported
that they had been diagnosed with glaucoma. Among the subset of 5,185 women and the
1,909 men in whom we were able to receive a confirmatory response from the diagnosing
eye care provider, we observed the following breakdown: exfoliation glaucoma or
exfoliation glaucoma suspect (368 women (7%); 85 men (4%)), primary open-angle
glaucoma with visual field loss (2,148 women (42%); 929 men (49%)), only elevated
intraocular pressure or optic disc cupping without secondary causes of intraocular pressure
elevation (1,514 women (29%); 560 men (29%)) and other types of glaucomas or glaucoma
suspect (1,155 women (22%); 335 men (18%)). For the analysis, we included 223 women
and 38 men who met the standardized case definition of incident exfoliation glaucoma or
exfoliation glaucoma suspect as well as other eligibility criteria.

Ascertainment of time spent outdoors

In 2006 in the Nurses Health Study and in 2008 in the Health Professionals Follow-up
Study, participants were asked about the average time (<1, 2-5, 6-10, =11 hours per week)
spent outdoors in direct sunlight at the mid-day (10 am to 3 pm) for work or recreation
purposes at 3 life periods: high school to age 24 years, age 25-35 years and age 36-59 years.
In 1992 in both cohorts, we also asked about lifetime residence; we ascertained the state of
residence at birth, at age 15, at age 25 (Health Professionals Follow-up Study) or 30 (Nurses
Health Study), and we had updated current residence from 1976 in women and from 1986 in
men. For other covariates, we also collected information from the biennial questionnaires on
age, family history of glaucoma (any glaucoma in biologic parents or siblings), ancestry
(Scandinavian Caucasian, southern European Caucasian, other Caucasian, other races) and
updated information on history of cancer diagnosis, cataract diagnosis, cataract extraction,
body mass index, systemic hypertension, high cholesterol, diabetes mellitus and history of
myocardial infarction and pack years of cigarette smoking. Dietary intake of caffeine,
alcohol and folate were assessed every 2 to 4 years from 1980 in the Nurses Health Study
and 1986 in the Health Professionals Follow-up Study.
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Statistical Analysis

RESULTS

First, we analyzed the data from each cohort separately in multivariable analyses and
performed tests for heterogeneity to check whether pooling the results was appropriate. We
used univariate and multivariable Cox proportional hazards analysis stratified by age in
months and the specific 2-year period at risk to estimate relative risks and 95% confidence
intervals.28 In multivariable analyses, we controlled for potential exfoliation glaucoma risk
factors by including them simultaneously as covariates. Covariates included were ancestry,
family history of glaucoma, body mass index, self-reported hypertension, diabetes mellitus,
high cholesterol, myocardial infarction, pack-years of cigarette smoking, caffeine, alcohol
intake, folate intake, total caloric intake, geographical tier of residence at age 15, at age 25
(Health Professionals Follow-up Study) or 30 (Nurses Health Study) years, residence at
1976 in the Nurses Health Study and 1986 in the Health Professionals Follow-up Study) and
current residence. We pooled the results using meta-analytic methods incorporating random
effects.29 We conducted tests for linear trend by including the midpoint values within each
intake category of hours spent outdoors per week. P<0.05 was considered statistically
significant. To investigate effect modification by family history of glaucoma and lifetime
residential history,18 we examined categories that represent cross-classifications between
time spent outdoors and these potential effect modifiers in relation to risk of exfoliation
glaucoma or exfoliation glaucoma suspect. We tested for effect modifications by testing
interaction terms in models. SAS (v9.3, SAS Institute Inc., Cary, NC, USA) was used for all
analyses.

We identified 223 women and 38 men with incident exfoliation glaucoma or exfoliation
glaucoma suspect from 1980 to 2010 in the Nurses Health Study and 1986 to 2010 in the
Health Professionals Follow-up Study, respectively. The total accrued person-time was
664,259 person-years (491,841 person-years from 49,033 women and 172,418 person-years
from 20,006 men).

In the women and in the men, age and various age-adjusted characteristics that may be risk
factors for exfoliation glaucoma were overall similar between the extremes of time spent
outdoors (Table 1); compared to those with 1-5 hours per week spent outdoors, those with
=11 hours per week spent outdoors at all life periods had higher caloric intakes. In general,
participants who spent =11 hours per week outdoors in high school to age 24 years spent
less time outdoors at later ages (Table 1 and Table 2), but those who spent =11 hours per
week outdoors at any life period were also more likely to spend =11 hours per week
outdoors at other life periods.

In univariate analyses, in women, compared to 1-5 hours per week spent outdoors, =11
hours per week spent outdoors in high school to age 24 years, at age 25-35 years and at age
36-59 years was adversely associated with exfoliation glaucoma or exfoliation glaucoma
suspect status. In men, compared to 1-5 hours per week spent outdoors, =11 hours per week
spent outdoors only in high school to age 24 years was associated with higher risk of
exfoliation glaucoma or exfoliation glaucoma suspect status (Table 2). In multivariable
analyses where the time spent outdoors at the three life periods were simultaneously
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adjusted for in the same model to allow for evaluating the independent associations for time
spent outdoors at each life period, in both women and men, it was only greater time spent
outdoors in high school to age 24 years that was adversely associated with exfoliation
glaucoma or exfoliation glaucoma suspect status (Table 2). Compared to spending 1-5 hours
per week outdoors, the pooled relative risk for spending 6-10 hours per week was 1.37 (95%
confidence interval=0.99, 1.89), and the pooled relative risk for spending =11 hours per
week was 2.00 (95% confidence interval=1.30, 3.08; pooled p for linear trend=0.001). The
independent associations with greater time spent outdoors in ages 25-35 years and in ages
36-59 years were not significant (pooled p for linear trend of 0.67 and 0.11, respectively).

We explored whether the association with greater time spent outdoors in high school to age
24 years differed by robust risk factors for exfoliation glaucoma such as latitude of residence
at age 15 or family history of glaucoma; these interactions were evaluated among women
where we had greater power for statistical testing (Table 3). We observed that while the
interactions were not statistically significant (p for interaction was 0.07 for residence and
was 0.17 for family history), there were suggestive trends where greater time spent outdoors
in high school to age 24 years was more strongly associated with exfoliation glaucoma or
exfoliation glaucoma suspect status in subgroups at overall lower risk of exfoliation
glaucoma, such as in those without a family history than in those with a family history of
glaucoma and in those who lived closer to the equator (<42° north) than those who lived
further away (=42° north). The contrast of relative risks between =11 hours per week and
1-5 hours per week categories were 2.36 (95% confidence interval=1.21, 4.60) versus 1.00
in the <42° north stratum, which was stronger than the corresponding contrast of 4.08 (95%
confidence interval=2.03, 8.22) versus 2.35 (95% confidence interval=1.41, 3.90) in the
242° north stratum.

DISCUSSION

In this large study involving two United States-based cohorts of participants aged 60 or
more years, greater time spent outdoors from high school to age 24 was independently
associated with a greater risk of exfoliation glaucoma or exfoliation glaucoma suspect status,
supporting an etiologic role of early exposures to outdoor climatic factors on exfoliation
glaucoma risk. No independent associations were observed for greater time spent outdoors
in the ages of 25-35 years or ages 36-59 years. While suggestive interactions were observed
with residence and family history, these findings may be due to chance and should be
interpreted with caution.

Greater time spent outdoors represents an indicator of greater exposure to various climatic
factors. Several lines of evidence point to the importance of climatic factors in exfoliation
syndrome etiology. Multiple studies show that the prevalence of exfoliation syndrome is
higher in non-equatorial regions than in equatorial regions.13-19: 30 While many climatic
factors may differ between these regions, two factors may be important for exfoliation
syndrome:19 colder temperature and greater ocular ultraviolet light exposures. Colder
temperatures may facilitate the nucleation reactions that lead to the formation of
extracellular deposits in exfoliation syndrome, especially in the anterior chamber and lens
that are exposed to ambient temperature; however, these are likely to be more downstream
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influences.1® Greater ultraviolet exposure has long been suspected to play a role in
exfoliation syndrome, given the high exfoliation syndrome prevalences in populations with
high sun exposure, including Australian Aborigines3! and Navajo Indians32 and the strong
associations between exfoliation syndrome and climatic droplet keratopathy,33 a condition
associated with ultraviolet light exposure.34 In vitro studies of human Tenon’s capsule
fibroblasts provide some support to ultraviolet light in exfoliation syndrome etiology:
ultraviolet light exposure has been found to upregulate the expression of LOXL1 and major
elastic fiber proteins found in the exfoliation extracellular deposits and to lead to the
formation of elastic microfibrillar aggregates resembling these deposits in the extracellular
space.3® While overall ultraviolet radiation to the body’s skin and ambient ultraviolet
radiation is greatest near equatorial regions, experimental studies have shown that ultraviolet
exposure to the eye is actually greatest in non-equatorial latitudes,3® especially close to the
polar regions where ultraviolet intensity may be greatest.3”- 38 In addition to the indirect
ocular ultraviolet exposure from scattered ultraviolet rays found in all latitudes, non-
equatorial regions allow for significantly more direct entry of ultraviolet rays to the eye than
equatorial regions due to the sun’s rays coming in at a lower angle in the sky throughout the
day (~ 40° angle). In addition, non-equatorial regions allow for more of the indirect reflected
ocular ultraviolet exposure as they are more likely to have snow, which can reflect up to
80% of the sun’s rays,39 further increasing the intensity of ocular ultraviolet exposure in
those living in such regions. Although the association with exposure to climatic factors
throughout the lifetime may be important, we observed that the association with exfoliation
glaucoma or exfoliation glaucoma suspect status was most strongly adverse for the amount
of time spent outdoors during mid-day in high school to age 24 years in contrast to the
associations with time spent outdoors at other ages. This may be due to the fact that for most
participants, time spent outdoors was maximal in this life period than at later periods. Also,
at younger ages, pupils are larger, lenses are thinner and clearer, and so the anterior chamber
at early ages may be more vulnerable to ultraviolet damage,*?: 4 and this damage could
manifest at a later age.*2

Few previous studies have evaluated time spent outdoors in relation to exfoliation glaucoma.
One measure of time spent outdoors is type of occupation;2° one study from Andhra
Pradesh, India, found that working in occupations involving outdoor activities was
associated with exfoliation syndrome,2! and this was confirmed in other studies from the
subcontinent.22:23 Only one other study has evaluated time spent outdoors and did not
observe that it predicted incidence of exfoliation syndrome after various follow-up
periods;24 43 however, it is possible that the null association was because only current time
spent outdoors was assessed and not the time spent outdoors at various life periods. Thus,
further studies of time spent outdoors at all life periods are warranted.

We observed trends of stronger associations with time spent outdoors during mid-day in
those without a family history and in those who resided <42° north at age 15 years. These
trends may have been due to chance and should be interpreted with caution. One could
speculate that the possible weaker association with time spent outdoors during mid-day (10
am to 3 pm) in high school to age 24 in those who resided in the northern states (=42° north)
at age 15 compared to those who resided in lower states may be because new risk factors
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may be easier to detect in populations with lower risk of disease than in those with higher
risk such as those residing in higher latitudes. Alternatively, it may be because in the
northern states, for most of the year except the winter, the greatest direct ocular ultraviolet
exposure is actually from 8 to 10 am in the morning and from 2-4 pm when the sun’s rays
come in at a low angle (~ 40° angle) than during mid-day, and our questions did not capture
time spent outdoors at those other times.36

This study had other limitations. One limitation is that we could not conduct direct repeated
eye exams in these large cohorts, and thus, our case ascertainment method had low
sensitivity, and we likely missed many true cases, especially as exfoliation syndrome is
difficult to detect and diagnose. In addition, our method was susceptible to differing
detection rates of exfoliation syndrome or exfoliation glaucoma depending on eye care
providers. However, because our intent was to estimate the relative rate ratios across
exposure categories, and our case ascertainment method had high specificity, the proportion
who were under-ascertained due to participant or eye care provider characteristics was likely
not related to the exposure; thus, methodologically, the estimates will be valid.** Another
limitation was that the assessment of time spent outdoors at various life stages relied on self-
report, which is susceptible to inaccuracies in recalling distant past events compared to
objective measures of outdoor exposure. The resulting measurement errors, which are not
differential with respect to the case status, would likely produce null findings and may
explain some of the null associations we observed with time spent outdoors in the later life
stages. Also, the questions on exposure to time spent outdoors at various life stages occurred
in 2006 for women and 2008 for men, which was towards the end of the follow-up period
such that for most exfoliation glaucoma or exfoliation glaucoma suspect cases, the exposure
was assessed after their disease. While this was a retrospective cohort study with some
potential for recall bias (where those with a potentially blinding disease are more likely to
recall greater time spent outdoors), the fact that associations were specific to exposures at
young adulthood rather than showing systematic positive associations with greater exposure
at all life periods makes it unlikely that such bias may explain all of the association with
exposures at young adulthood. In addition, bias may arise from differential follow-up with
respect to exposure and case status; however, follow-up differed minimally by time spent
outdoors, making this possibility unlikely. Also, the crude measure of overall time spent
outdoors did not allow us to evaluate associations with patterns of time spent outdoors,
which may show seasonal and geographic variability. Finally, this study was on mostly
healthy European-derived Caucasians in the United States; the associations with time spent
outdoors, particularly in adolescence, may differ by latitude and population as the
hypothesized climatic factors and susceptibility to them may vary by geographic region and
population characteristics.

Overall, this study’s strengths included the large sample size (over 65,000 participants) and
updated information on many important covariates including age, ancestry, family history of
glaucoma and various medical conditions and lifestyle factors as well as the exposure
information in combination with residential histories at various life periods, allowing us to
evaluate whether there was a critical time period for when greater time spent outdoors may
be important for exfoliation glaucoma or exfoliation glaucoma suspect risk. If confirmed by
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other studies, this may offer a strategy to reduce the incidence of exfoliation glaucoma by
the modification of exposure to the outdoors at young ages.

In conclusion, in this study from the United States of a predominantly Caucasian population
of adults over age 60 years, greater time spent outdoors in young adulthood was associated

with a greater risk of exfoliation glaucoma or exfoliation glaucoma suspect status supporting
an etiologic role of early exposures to outdoor climatic factors on exfoliation glaucoma risk.

Acknowledgments

Biography

Funding / Support: This work was supported by grants CA87969, CA167552, EY09611, EY020928, and
EY015473 from the National Institutes of Health and the Arthur Ashley Foundation. A Harvard Medical School
Distinguished Scholar Award and the Harvard Glaucoma Center of Excellence support Dr. Pasquale.

Other acknowledgements: We are grateful for the SAS programming help of Ms. Sun Jie, Brigham and Women’s
Hospital.

Dr. Jae Hee Kang is an Associate Epidemiologist and Assistant Professor of Medicine in the
Channing Division of Network Medicine of the Department of Medicine of Brigham and
Women’s Hospital / Harvard Medical School in Boston, MA. Her research interests include
lifestyle, genetic and biomarker risk factors of glaucoma, and she has conducted
epidemiologic investigations in large prospective cohort studies of the Nurses Health Study
and Health Professionals Follow-up Study.

REFERENCES

1. Ritch R. The management of exfoliative glaucoma. Prog Brain Res. 2008; 173:211-24. [PubMed:
18929111]

2. Saatci OA, Ferliel ST, Ferliel M, Kaynak S, Ergin MH. Pseudoexfoliation and glaucoma in eyes
with retinal vein occlusion. Int Ophthalmol. 1999; 23(2):75-8. [PubMed: 11196123]

3. Cursiefen C, Hammer T, Kuchle M, Naumann GO, Schlotzer-Schrehardt U. Pseudoexfoliation
syndrome in eyes with ischemic central retinal vein occlusion. A histopathologic and electron
microscopic study. Acta Ophthalmol. 2001; 79(5):476-8.

4. Gillies WE, Brooks AM. Central retinal vein occlusion in pseudoexfoliation of the lens capsule.
Clin Experiment Ophthalmol. 2002; 30(3):176-87. [PubMed: 12010209]

5. Ritch R, Prata TS, de Moraes CG, et al. Association of exfoliation syndrome and central retinal vein
occlusion: an ultrastructural analysis. Acta Ophthalmol. 2010; 88(1):91-95. [PubMed: 19725816]

6. Kanthan GL, Mitchell P, Burlutsky G, Rochtchina E, Wang JJ. Pseudoexfoliation syndrome and the
long-term incidence of cataract and cataract surgery: the Blue Mountains Eye Study. Am J
Ophthalmol. 2013; 155(1):83-88 el. [PubMed: 23036566]

Am J Ophthalmol. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kang et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Page 10

. Naumann GO, Erlanger-Augenblatter-Group. Exfoliation syndrome as a risk factor for vitreous loss

in extracapsular cataract surgery (preliminary report). Acta Ophthalmol Suppl. 1988; 184:129-31.
[PubMed: 2853911]

. Scorolli L, Campos EC, Bassein L, Meduri RA. Pseudoexfoliation syndrome: a cohort study on

intraoperative complications in cataract surgery. Ophthalmologica. 1998; 212(4):278-80. [PubMed:
9672219]

. Shingleton BJ, Heltzer J, O’Donoghue MW. Outcomes of phacoemulsification in patients with and

without pseudoexfoliation syndrome. J Cataract Refract Surg. 2003; 29(6):1080-6. [PubMed:
12842671]

. Abela-Formanek C, Amon M, Schauersberger J, et al. Uveal and capsular biocompatibility of 2
foldable acrylic intraocular lenses in patients with uveitis or pseudoexfoliation syndrome:
comparison to a control group. J Cataract Refract Surg. 2002; 28(7):1160-72. [PubMed:
12106724]

Eagle RC Jr. Font RL, Fine BS. The basement membrane exfoliation syndrome. Arch Ophthalmol.
1979; 97(3):510-5. [PubMed: 420639]

Thorleifsson G, Magnusson KP, Sulem P, et al. Common sequence variants in the LOXL1 gene
confer susceptibility to exfoliation glaucoma. Science. 2007; 317(5843):1397-400. [PubMed:
17690259]

Forsman E, Cantor RM, Lu A, et al. Exfoliation syndrome: prevalence and inheritance in a
subisolate of the Finnish population. Acta Ophthalmol. 2007; 85(5):500-7.

Topouzis F, Wilson MR, Harris A, et al. Prevalence of open-angle glaucoma in Greece: the
Thessaloniki Eye Study. Am J Ophthalmol. 2007; 144(4):511-9. [PubMed: 17893012]

Rao RQ, Arain TM, Ahad MA. The prevalence of pseudoexfoliation syndrome in Pakistan.
Hospital based study. BMC Ophthalmol. 2006; 6:27. [PubMed: 16792800]

Colin J, Le Gall G, Le Jeune B, Cambrai MD. The prevalence of exfoliation syndrome in different
areas of France. Acta Ophthalmol Suppl. 1988; 184:86-9. [PubMed: 2853926]

Rudkin AK, Edussuriya K, Sennanayake S, et al. Prevalence of exfoliation syndrome in central Sri
Lanka: the Kandy Eye Study. Br J Ophthalmol. 2008; 92(12):1595-8. [PubMed: 18927228]

Kang JH, Loomis S, Wiggs JL, Stein JD, Pasquale LR. Demographic and geographic features of
exfoliation glaucoma in 2 United States-based prospective cohorts. Ophthalmology. 2011; 119(1):
27-35. [PubMed: 21982415]

Stein JD, Pasquale LR, Talwar N, et al. Geographic and climatic factors associated with the
exfoliation syndrome. Arch Ophthalmol. 2011; 129(8):1053-1060. [PubMed: 21825188]
Rosenthal FS, Phoon C, Bakalian AE, Taylor HR. The ocular dose of ultraviolet radiation to
outdoor workers. Invest Ophthalmol Vis Sci. 1988; 29(4):649-656. [PubMed: 3356520]

Thomas R, Nirmalan PK, Krishnaiah S. Pseudoexfoliation in southern India: the Andhra Pradesh
Eye Disease Study. Invest Ophthalmol Vis Sci. 2005; 46(4):1170-6. [PubMed: 15790875]

Junejo SA, Jatoi SM, Khan NA, Qureshi MA. To determine prevalence of pseudo exfoliation at a
tertiary eye care centre: a hospital based study. Pak J Med Sci. 2008; 24(6):821-26.

Rao V, Doctor M, Rao G. Prevalence and Prognosis of Pseudoexfoliation Glaucoma in Western
India. Asia Pac J Ophthalmol. 2013 doi: 10.1097/AP0.0b013e3182a0af43.

Arnarsson A, Jonasson F, Damji KF, Gottfredsdottir MS, Sverrisson T, Sasaki H. Exfoliation
syndrome in the Reykjavik Eye Study: risk factors for baseline prevalence and 5-year incidence.
Br J Ophthalmol. 2010; 94(7):831-5. [PubMed: 19833615]

Barton J, Bain C, Hennekens CH, et al. Characteristics of respondents and non-respondents to a
mailed questionnaire. Am J Public Health. 1980; 70(8):823-5. [PubMed: 7416342]

Belanger CF, Hennekens CH, Rosner B, Speizer FE. The Nurses’ Health Study. Am J Nurs. 1978;
78(6):1039-40. [PubMed: 248266]

Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. Reproducibility and
validity of an expanded self-administered semiquantitative food frequency questionnaire among
male health professionals. Am J Epidemiol. 1992; 135(10):1114-1126. [PubMed: 1632423]

Cox, DR.; Oakes, D. The Analysis of Survival Data. Chapman and Hall; London: 1984.

Am J Ophthalmol. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kang et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 11

DerSimonian R, Laird N. Meta-Analysis in Clinical Trials. Control Clin Trials. 1986; 7(3):177-
188. [PubMed: 3802833]

Krishnadas R, Nirmalan PK, Ramakrishnan R, et al. Pseudoexfoliation in a rural population of
southern India: the Aravind Comprehensive Eye Survey. Am J Ophthalmol. 2003; 135(6):830-7.
[PubMed: 12788123]

Taylor HR. Pseudoexfoliation, an environmental disease? Trans Ophthalmol Soc U K. 1979; 99(2):
302-7. [PubMed: 298432]

Faulkner HW. Pseudo-exfoliation of the lens among the Navajo Indians. Am J Ophthalmol. 1971,
72(1):206-7. [PubMed: 5571208]

Resnikoff S, Filliard G, Dell’ Aquila B. Climatic droplet keratopathy, exfoliation syndrome, and
cataract. Br J Ophthalmol. 1991; 75(12):734—6. [PubMed: 1768663]

Gray RH, Johnson GJ, Freedman A. Climatic droplet keratopathy. Surv Ophthalmol. 1992; 36(4):
241-53. [PubMed: 1549808]

Zenkel M, Krysta A, Pasutto F, Juenemann A, Kruse FE, Schlotzer-Schrehardt U. Regulation of
lysyl oxidase-like 1 (LOXL1) and elastin-related genes by pathogenic factors associated with
pseudoexfoliation syndrome. Invest Ophthalmol Vis Sci. 2011; 52(11):8488-95. [PubMed:
21948647]

Sasaki H, Sakamoto Y, Schnider C, et al. UV-B exposure to the eye depending on solar altitude.
Eye Contact Lens. 2011; 37(4):191-5. [PubMed: 21670696]

McKenzie R, Conner B, Bodeker G. Increased summertime UV radiation in New Zealand in
response to ozone loss. Science. 1999; 285(5434):1709-1711. [PubMed: 10481002]

Petkov BH, Vitale V, Tomasi C, et al. Response of the ozone column over Europe to the 2011
Acrctic ozone depletion event according to ground-based observations and assessment of the
consequent variations in surface UV irradiance. Atmos Environ. 2014; 85:169-178.

Sliney DH. Physical factors in cataractogenesis: ambient ultraviolet radiation and temperature.
Invest Ophthalmol Vis Sci. 1986; 27(5):781-90. [PubMed: 3700027]

Bradley JC, Bentley KC, Mughal Al, Bodhireddy H, Brown SM. Dark-adapted pupil diameter as a
function of age measured with the NeurOptics pupillometer. J Refract Surg. 2011; 27(3):202-7.
[PubMed: 20506961]

Green AC, Wallingford SC, McBride P. Childhood exposure to ultraviolet radiation and harmful
skin effects: epidemiological evidence. Prog Biophys Mol Biol. 2011; 107(3):349-55. [PubMed:
21907230]

Neale RE, Purdie JL, Hirst LW, Green AC. Sun exposure as a risk factor for nuclear cataract.
Epidemiology. 2003; 14(6):707-12. [PubMed: 14569187]

Arnarsson A, Sasaki H, Jonasson F. Twelve-year Incidence of Exfoliation Syndrome in the
Reykjavik Eye Study. Acta Ophthalmol. 2013; 91(2):157-62. [PubMed: 22268376]

Rothman, KJ.; Greenland, S. Modern Epidemiology. Second ed.. Lippincott-Raven Publishers;
Philadelphia, PA: 1998. p. 130-131.

Am J Ophthalmol. Author manuscript; available in PMC 2015 September 01.



Page 12

Kang et al.

[0lz9 [9189 [9lz9 [9189 [olz9 [9189 [uoneinaq prepuels] (sieak) abe ueaiy
NI

00T 0 09 T 9¢ € (9%) steak 65-9¢ abe Je s100pInN0 Yaam Jad sinoy TT2

Ll T 00T 0 €S € (9%) s1eak gg-Gz abe 1e s100pIno eam Jad sinoy TT=

1§ 4 85 4 00T 0 (%) s1eak g abe 01 jooyas ybiy ul sloopino 3aam Jad sinoy TI2

[els [el2 [els [elL [cls [€lz [uoneineq paepuels] (1T J0) periodas swexs a4s JO Jaquinu Uesy

6T 0z 14 0z 44 6T (%) 0= (z1918W Jad swesBo|1) xopul ssew Apog

8T LT LT LT 8T LT (9%) Buryows ana.Iebio Jo sieah-yoed 0g=

€ € € € € € (%) uonaueyur fetpsesoAw pariodal-yjes

09 19 19 09 19 09 (%) stsouBelp |oia)sajoyd ybiy parodas-y|os

8y 05 05 6v 05 6v (%) stsouBeip uoisusiadAy panodal-yjes

L L 8 L 8 L (9%) s1souBelp sa1aqelp pauodai-J|as

€T €1 T €T €1 €1 (9%) ewoone)B jo Aiois1y AjiweS

L L 8 L 8 L (%) Ansaoue uelARUIPURIS

24 6€ %4 6¢ o o (%) 9267 Ut 191 LiaLIou 8L I 80UspIsey

I or vy oy T T (%) s1eak ge-Gz abe 1e 21 UJeyHou L Ut souspisey

. 7v v o 7b b (9%) 1004S YBIY U1 181} UIBLLIOU BU) U 30U3PISaY

[181ls8z [tstlT82 [tsTlose [estlT8Z l6.1lv8e [tstlT82 [uoneina@ paepuers] (Aep sad sueib) axelur sutayed

[oTlz [8l9 [elz [sl9 [e]9 [el9 [uoneina@ paepuels] (Aep Jad swielb) axeur joyod|y

letvlsLLT [vorlogat [sTvl8LLT [vorleLoT letvloLLT [9ov]esat [uonernaq paepuels] (Aep Jad saliofeao]iy) axeun oLofed [ejo L

[6211voy [821]e9y [2211697 [6211T9y [tstliLy [osTlzor [uoneinaq piepuels] (Aep/swelBouoiw) syejo) je1o L

[sl29 [s]z9 [s]o9 [olz9 [s]z9 [9]29 [uonerna@ paepuers] (sieak) abe uesiy
NEEI >9am 9am SEEI >9aMm Soam

Jad sunoy T1= Jad sanoy G- Jad sunoy 1= Jad sanoy G- Jad sanoy T1= 1ad sanoy G- NINOM
saeak 65-9¢ abe — s100pIN0 SwWi L saeak ge-Gz obe — s100pIN0 swi | sasak
¢ abe-jooyds ybiy — s100pIN0 B |

sieak 6G-9¢ sabe pue sieak Ge-Gz sabe ‘sieak 12
abe 01 jooyas ybiy :sporiad aj1| 8a1yy 18 (Maam Jad sinoy) sioopino juads awin Jo sariobaled awalixs 1o (0T0Z 01 986T Wol) sieak-uosiad T#'Z/T) usw ul
pue (0T0Z 01 086T W) sieak-uosiad T8 Te7) Uswom ul poriad dn-mojjo) syl JaA0 pale|nwINIJe awin-uosiad ayl Jo sansLIs)deIeyd paisnlpe-abe pue aby

T algeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript

Am J Ophthalmol. Author manuscript; available in PMC 2015 September 01.



Page 13

Kang et al.

(AM I VM ‘LA 'aS ‘19 "90 ‘aN ‘AN ‘HN ‘IN ‘LA ‘NIAIIN 'VIA'SINL ‘AL LD M) Yuiou spniie| $83163p Z-T 8U3 JO Yiiou saess ul mocmu_wmmm

00T 0 G/ Z 8y [ (%) s1eak gG-9¢ abe 1e sioopino aam Jad sinoy TI2

/8 € 00T 0 89 € (9%) s1eak gg-Gz abe 1e s100pIn0 >gam Jad sinoy T2

q8 6T 68 T 00T 0 (%) s1eak yz abe 01 [ooyas ybiy ul sloopino 3aam Jad sinoy TI2

[el2 [el2 [el €l [el2 [el2 [uonerna@ prepuels] (TT 40) paniodal stuexa aAa Jo Jaguinu uea|y

4 1T €T 0T 4 0T (%) 0€Z (z4e10w Jad sweiBo|ny) xapul ssew Apog

LT ST LT ST 9T LT (%) Burjows snasehid Jo sieak-xoed g

L 8 L L L 8 (%) uonoueyur [eipedoAw papodal-yes

S Zs S €S S 28 (%) sisoubeip jo1a1s310y2 ybiy payodai-j|es

rA4 A% rA7 rA7 147 ey (%) sisouBelp uoisuspadAy paniodal-j|os

L 8 L 8 L 8 (9%) s1souBelp sa1aqelp pauodai-|as

45 1T 4} et 4 1T (9%) ewoone|b o A0Sy Ajie

T [0} €T 6 €T 8 (%) Ansaoue ueineulpueds

Ge 28 ve ze ve e (%) 986T U1 191 UIayLIoU BU} U 80UBPISaY

ze 1€ 16 ze 1€ e (95) sleak ge-Gz abe 1o 101} LIBLIOU 8L U 80UspIsey

8¢ 8¢ s 6e S or (%) 100y9s ybiy ui 31} LIayHIoU 33 Ul 0uBpISsy

[26Tlzee [tocltee [96Tl8CZ [eozlzze [veTleze [eocloze [uoneinaq parepuels] (Aep sad sweif) axeiut sutayed

[eTleT [eTloT [eTlet [eTlTT [eTleT [eTITT [uoneinaq prepuels] (Aep sad swelf) axelul [oyod|y

[oesle90z [oTslvest [9zslzg0z [90slvT6T [6TS]9v02 [otslgo6T [uonernaq prepuess] (Aep/sati0[ea0| 1) axejut o110Jed [el0 L

[9zzle9s [2v2] 65 [2z2leLs [svzl86s [9zzltes [vszlzes [uoneinaq paepuels] (Aep Jad sreiBololw) ayejoy elo L
oam oam oam oam oam oam

Jad suanoy 112

Jad sunoy g-T

Jad sanoy T1=2

Jad sanoy G-T

Jad suanoy 112

Jad sunoy G-T

NIWOM

s1eak 6G-9¢ abe — S100PIN0 aWII |

s1eak Gg-Gz abe — s100pIN0 AWl

saeak

7z abe-j00y2s ybiy — s100pIN0 dWI |

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2015 September 01.

1

Am J Ophthalmol. Author manuscript



Page 14

Kang et al.

880 (e0'¥ ‘21°0) 020 | (0T'2‘02°0) S9°0 | (s0uaiagal) 00'T DA_Q%E_ 30UBPIUOD %G6) OleY dJeY 3|qelieAlINIA
080 (TT2'970) 860 | (S#'T'S2°0) T9°0 | (ouasagal) 00T (Ientaiu] 80UapUOD %G6) Oley srey pajsnipe-aby
G98'€S G/G'0G 6629 awI-uosiad
T 8 9T Sose)
T€ 6¢ (014 % UsIN
sreak Ge-Gz aby
vS0 (702 '¥S°0) SO'T | (28T ‘28°0)82'T | (s0usiagal) 00°T gﬁ_masc_ 80UBPIUOD 95G6) OleY 81eY B|qeLBARINA
G500 (56T '¥8°0)82°T | (98T ‘€0'T) 6€'T | (s0uaiagal) 00°T (TenJaiu] 80UBPIIUOD %G6) OleY 81ey palsnlpe-aby
TT.'8S 896'/€T 291'S62 awn-uosiad
LC L 4" Sase)
4 8¢ 09 0% | USWOAA
1000 (80°€ ‘0£'T) 007 | (68T ‘66°0) LE'T | (s0uauagar) 0T | o qIBAIEII BIUBPLUOD 04G6) ONEY B1ey BIGRLBANINAL | pajoog
600 (6T°2'72°0) T€C | (682 2€0) 96°0 | (90uBIagal) 00°T gﬁ_masc_ 80UBPIUOD 95G6) OleY 81eY B|qeLBARINA
2€0 (262'€50) 9T'T | (Y0'2'62°0) 92°0 | (souaIRgal) 00'T (rentaiul 82U3pYUOD %G6) OeY 81y paisnipe-ahy
82928 6LT'TY 119'8Y aWI-uosiad
67 6 0T sased
sIeak g by
8y 44 8¢ % UsIN 03 [00YdS ybiH
¥00°0 (zre'ce1) 96T | (66T 'TOT) 2T | (80uaiagal) 00T O_A_@%E_ 30UBPIUOD 9%G6) 01y d1ey d|geLBAIINIA
2000 (r2'sTT)TLT | (66T 'V0T) 2v'T | (s0usiagal) 00°T (IenJaiu] 80UBPIUOD %G6) O1eY 81ey palsnipe-aby
S¥0'v9 G50'02T TvL'L0€ aWw-uosiad
8¢ 29 et 1 le)
€T e €9 % | uswopn
pusJy Jesul| 1oy d TI= 0T-9 ST  S4oopino Juads awi |
(>9am Jad sanoy) s100pano Juads awi ]

(0T0Z-986T) Usw ul pue (0T0Z-086T) UBWOM Ul 19adsns ewoane|h

Am J Ophthalmol. Author manuscript; available in PMC 2015 September 01.

UOIJe1[04X3 0 eL0one|H UOIRI|04Xa JO SYSH 8U} O} UOIR|aI Ul (UBW Ul 800Z PUB USLIOM Ul 900Z Ul PauILLIBIap) spoLad 841 831y} e S100pin0 Jusds swil L

¢ ?olgel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 15

Kang et al.

'G0'0 < 8JOM S}|NSaI || 104 SLOY0D UsaMIaq A11ausBiolalay Jos sanfen-d 'S109))9 WOPUERS YIM SPOYISW pareT] pue ueluowisiag Buisn pajenojes aiem synsai palood,

‘s|apowl
u1 1oy paisnipe Ajsnoaueynwis aiam sabels a4l| 831y} 8y} Jo) SI00PINO Juads s} dY | "d9UBPISaI JUSLIND PUB ‘UsW Ul 986T PUB UBWIOM Ul 9/GT Ul douapisal ‘(uswom) og / (uaw) Gz abe ‘T abe Je ‘sajabuy
07 40 YHoU eluloy[eD 40 Japurewal ayl Buipnjoul ‘(AM ‘YA ‘LN ‘Vd ‘HO ‘TN ‘AN ‘OW ‘AN ‘AM ‘S ‘VI ‘NI ‘11 '0Q ‘3a ‘02) yuou apnyie| seaibap Op-/€ UBBMIS] S3IEIS JO JapUIeLUd] 8y} Ul 30UBpISal
pue (JapJ0g UIBYINOS S) 03 $318BUY SO WO BILIOH[ED UIBYINOS PuB X I ‘NL ‘S “dd MO ‘ON ‘N ‘SN V1 ‘IH ‘¥ 14 ‘20 "dV ‘ZV “TV) YyHou spnie| s8a1bap L€ 8Us JO YINOS S81els 8y3 Ul 80UspISal
CAMIM 'YM LA ‘aS ‘19 "90 ‘aN ‘AN ‘HN ‘3N ‘LA ‘NI IINLVIALSINL QL LD "MY) Ypiou spnjiie| $8a163p Z-T 8U3 JO YHou sajess ul aouapisal ‘(sieak-yoed +0¢ ‘62-0¢ '6T-0T ‘6-T) Bunjows
anaurehio Jo sieak-xoed ‘(Aep Jad sweiboioiw) axelul ajejoy ‘(Aep Jad swiesbijjiw) axeiul autapyes ‘(Aep sad swresf) axejur joyodje ‘(Aep Jad saliojeao]y) axeiul ABisua [eio) pabesane Ajaaeinwind AmémE
Jad sweiBo| +0¢€ ‘62-82 ‘L2-92 ‘S-Z ‘S-22) Xapul ssew Apoq ‘UonoJeul [eIpJedoAw ‘sajaqgelp ‘uoisusiadAy |o1a1sajoyd ybiy Jo A1oisiy papiodal-j1as ‘ewodne|b jo A10isiy Ajiwey (sadel 1ayio ‘uelseane)
1830 ‘uelseane) ueadoin3 ulayInos ‘ueiseone) UelAeUIpPURIS) ANIsadue :sajqelien Buimoljoy sy 1oy paisnipe alam Asyl pue ‘st Je poriad pue syjuow ul abe Aq paijiiells alam sasAjeue ajgeLieAljnw __<Q

(usw U1 800Z PUR UBWOM Ul 900Z Ul paxse alam suonsanb) sasodind uoijealoas 10 310Mm 1oy Aep-piw 1e ybijuns 10a11p Ul s100pIno Juads ¥aam Jad sinoy mmem><m

170 (82720 690 | (v7'T‘08°0) 99°0 | (s0uaiagar) 0T | o qIBAMEII BIUSPLUOD 04G6) ONEY B1ey IGELEANINAL | pajoog
60 (67 'eT0)89°0 | (LTT'0T°0)SE'0 | (s0usiayal) 00T D_A_mag:_ 80UBPIIL0D %656) OeY 1Ry BIqeLBAlINA
680 (S0'Z'sv°0) 26'0 | (bT'T'8T°0) G¥'0 | (s0ua19gal) 00'T (1entajul 82U3pIUOD %G6) Olrey By pajsnipe-aby
VoY 12¥'0S 6.5'SL aWI}-uosiad
45 L 6T sose)
Iz 62 v % U sieak 65-9¢ 8By
81’0 (SET°9°0) 690 | (v2T'250) ¥8'0 | (souasagar) 00T | IBAIEII BIUSPLUOD 04G6) OEY B1ey BIGeLEAINI
770 (217°'29°0)80°T | (9T '¥8°0) ¥T'T | (90udiagal) 00'T (Ientaiu] 30UapLUOD %G6) Oley srey pajsnipe-aby
669'GY 22S'6TT 029'92e aw-uosiad
0c¢ 8G 149 S9se)
6 vz 19 % | uswom
190 (98T ‘¥5°0) 00T | (S8 ‘220)ST'T | (eouauagar) 0T | o qIBAIII BIUBPLUOD 04G6) ONEY @1y IGRLEANINAL | pajoog
pua.} Jeaul] 40} d 112 01-9 ST p $400PIN0 Ju3dS Uil L
(>9am Jad sanoy) s100pano 1uads awi ] _ _ _

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2015 September 01.

1

Am J Ophthalmol. Author manuscript



Page 16

Kang et al.

'Z 3101 JO g 3I0UI00) Ul PaISI] AIe SAIEIS PaKUN 3U} 0 Jan o1ydesBoab yoes ui sarels

q

'Z 3]G L JO BJ0UI00} 4 Ul AIS]| SE SaJeLEA0D BWES 3y} 10} paisnipe alam sasAjeue dldeL_AINAL,

IT0 (6207 ‘202 197 | (€2'6'29T)v0e | (EL%'LT2) 0zZ'€ Aaoisiy Ajiwrey ynm
(L9e'eeT) Tz | (8€2'TTT)€9T | (90UBIBYRI) 0O'T Kaoisiy Ajiwrey inoynm

rewoone|b Jo A1oisiy Ajiwey Ag

100 (cz8'c02) 80 | (€Sv '9eT)8v' | (06 'TV'T)SEC o (191 widyiou) yriou,zy 2

(097 ‘127T) 98¢

(Lre'8zT) T

(s0uas8ya1) 00'T

q

(4813 uJaYINOS 10 BPPIW) YLIoU Zi>

uonorJISUI 10} d

Ti<

01-9

ST

sJeakgT abe 1e aouapisal Ag

(>9am Jad sanoy) s100pIno Juads awi

NIH-PA Author Manuscript

€9l|qel

NIH-PA Author Manuscript

(0T0Z-086T) AJuo UBWOM U1 193dsNS eLOdNE|B UOIIRI04Xa JO BLI0INR|B UOIIRI04X® JO SYSII 8y} 01 UOIIR[a) Ul A10lSIy
Ajwey pue sieak GT abe 1e aouapisal Aq sieah 7z abe 01 jooyds ybiy wouy sioopino uads awin 1oy mﬁm_mEmE_ 30UBPIIUOD 94GE) SHSI dAIIR|D) a|geLIeAlNIA|

NIH-PA Author Manuscript

Am J Ophthalmol. Author manuscript; available in PMC 2015 September 01.



