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Abstract

Purpose—To assess the risk of developing advanced age-related macular degeneration (AMD)
following cataract surgery.

Design—Cohort study

Participants—4577 participants (8050 eyes) from a multi-centered, controlled, randomized
clinical trial, the Age-Related Eye Disease Study (AREDS).

Methods—Development of advanced AMD, either neovascular (NV) AMD or geographic
atrophy (GA) was evaluated with annual fundus photographs, and history of cataract surgery was
assessed every 6 months. Cox proportional hazard models with time-dependent covariates were
conducted for NVAMD and GA separately.

Main Outcome Measures—NV AMD, GA, and central GA (involving the center of the
macula).

Results—The Cox proportional hazards model of right eyes showed non-significant hazard ratios
1.20, 95% confidence interval (Cl ) 0.82-1.75 for NVAMD, 0.80, 95%CI 0.61-1.06 for GA, and
0.87, 95% CI 0.64-1.18 for central GA (CGA). Similar results were obtained for left eyes: 1.07,
95% CI 0.72-1.58 for NV AMD, 0.94, 95%CI 0.71-1.25 for GA, and 0.86, 95%Cl 0.63-1.19 for
CGA. For participants with advanced AMD in one eye (AREDS Category 4), the hazard ratios for
fellow eyes were 1.08 95% CI1 0.65-1.72 for NV AMD and 0.98, 95% CI 0.64-1.49 for CGA.

Conclusions—The AREDS results showed no clear effect of cataract surgery on the risk of
progression to advanced AMD.
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Age-related macular degeneration (AMD) and cataract are two of the leading causes of
visual impairment in the United States.! Cataract surgery is the most commonly performed
surgery in this country, with over a million operations performed annually. Although both
diseases are associated with increasing age and share some common risk factors, it is not
clear whether there is a direct relationship between the two ocular disorders.2= The
relationship between cataract surgery and the development of advanced AMD has generated
interest among ophthalmologists. Concerns have been raised regarding the potential of
cataract surgery to accelerate progression to advanced, vision threatening forms of AMD in
a number of studies, including a study of autopsy eyes,® several case series,’~10 and
population-based epidemiological studies. 1114

Largely because of the findings from the large epidemiologic studies of an adverse
association of cataract surgery with AMD, some investigators have speculated on the risk of
cataract surgery in eyes at risk for development of advanced AMD.1® Other investigators
have called for more “stringent” indications for cataract surgery in persons with AMD.14 We
have the opportunity to further explore the relationship in the Age-Related Eye Disease
Study (AREDS), a prospective study in which participants with varying degrees of AMD
were enrolled and followed every 6 months by retinal specialists for up to 11 years. In this
report, we present the results of these analyses regarding the association of cataract surgery
with the incidence of advanced AMD.

Methods and Materials

Study Population

Details of the study design and methods, presented elsewhere,6 are briefly summarized
here. Eleven retinal specialty clinics enrolled 4,757 participants in AREDS from 1992
through 1998. Participants were 55 to 80 years of age at enrollment and had best-corrected
visual acuity (BCVA) of 20/32 or better in at least one eye (the study eye[s]). Media had to
be sufficiently clear to obtain adequate quality stereoscopic fundus photographs of the
macula in all study eyes. Visual acuity (VA) was assessed by certified examiners using the
Early Treatment Diabetic Retinopathy Study (ETDRS) visual acuity chart and a
standardized refraction and VA protocol (AREDS Manual of Operations; The EMMES
Corporation, Rockville, MD). Persons were enrolled in 1 of 4 AMD categories determined
by the presence, size, and extent of drusen and retinal pigment epithelial abnormalities in
each eye, the presence of advanced AMD (determined by evaluation of stereoscopic color
photographs at a reading center), and VA. IRB approval was obtained by the clinics and
informed consent was obtained from all participants.

Briefly, persons in Category 1 were essentially free of AMD, with a total drusen area of less
than 5 small drusen (< 63 um in diameter), and VA of 20/32 or better in both eyes. Category
2 participants had mild age-related macular lesions (multiple small drusen, nonextensive
(<20) intermediate drusen (63-124 um in diameter), pigment abnormalities, or any
combination of these) in their most advanced eye, and visual acuity of 20/32 or better in
both eyes. Category 3 required absence of advanced AMD in both eyes and at least 1 eye
with VA of 20/32 or better with at least 1 large druse (=125 pum in diameter), extensive (as
measured by drusen area) intermediate drusen, or geographic atrophy (GA) that did not
involve the center of the macula, or any combination of these. In Category 3a both eyes met
these criteria, while in Category 3b one eye had either reduced VA not due to AMD or a
disqualifying ocular condition. Category 4 participants had VA of 20/32 or better and no
advanced AMD (GA involving the center of the macula or features of choroidal
neovascularization) in the study eye, and the fellow eye had either lesions of advanced AMD
(Category 4a) or VA less than 20/32 and AMD abnormalities sufficient to explain reduced
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VA (Category 4b) as determined by examination of photographs at the reading center.
Persons aged 55 to 59 years were eligible for the study only if they were in Category 3 or 4.

Participants included in the analyses were in the randomized, placebo-controlled clinical
trial of the effect of antioxidant and mineral supplements on progression to advanced AMD
and development of cataract (1992—-2001). Data was also included for those who continued
in the follow-up phase of the trial, until file closure November 2004. Eyes with cataract
surgery or advanced AMD at baseline were excluded, leaving 8050 eyes from 4577
participants for consideration for analysis. These numbers were further reduced by
exclusions specific to each analysis.

Detailed questionnaires were administered to obtain demographic information, history of
smoking and sunlight exposure, medical history, history of specific prescription drug and
nonprescription medication use, and history of vitamin and mineral use. General physical
and ophthalmic examinations included height, weight, blood pressure, manifest refraction,
best corrected visual acuity, intraocular pressure, slit-lamp biomicroscopy, and
ophthalmoscopy. Date of cataract surgery was obtained by history at 6-month intervals.
Stereoscopic film-based color fundus photographs of the macula and lens photographs (red
reflex, slit lamp and Neitz) were taken at baseline and annually beginning at the 2 year
annual study visit. Photographs were graded at a reading center, where the various lesions
associated with AMD and the severity of lens opacities by type were assessed with
standardized grading procedures.17:18

Progression to neovascular AMD for a study eye was based on clinical center reports of
photocoagulation for choroidal neovascularization, or photographic documentation at the
reading center of at least 1 of the following: subretinal fibrosis, non-drusenoid retinal
pigment epithelial detachment, serous or hemorrhagic retinal detachment, and hemorrhage
under the retina or the retinal pigment epithelium.

Progression to geographic atrophy: 1) GA (>175 um in diameter within the grid to be
comparable with previous studies) or 2) central GA (involving the the center of the macula
regardless of size), was based on photographic documentation at the reading center.

Risk Factor Definitions

Risk factors for incident advanced AMD (neovascular AMD or central GA) were assessed in
an earlier report.1® Factors included in covariate adjusted analyses were age at baseline
(either continuous or in categories 55 to 64, 65 to 69, and 70 to 80 years), gender, race
(white, other), history of smoking (ever smoked, never smoked), AREDS treatment group
(placebo, active treatment [antioxidants, zinc, or both]; or antioxidants vs no antioxidants),
and eye-specific AMD severity status based on a 9-point scale.20

Statistical Modeling and Analyses

Cox proportional hazards regression—This model was used to estimate the risk of
advanced AMD associated with cataract surgery. Separate analyses were conducted for NV
AMD and GA or CGA. In analyses of GA and CGA, eyes with NV AMD occurring before
GA or CGA were excluded. Since some covariates (cataract surgery, AMD status, age)
change their values over the follow-up and contain information of disease progression, the
Cox proportional hazards regression model was fitted to understand the interrelationships
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between advanced AMD outcome and time-dependent covariates and potentially causal
mechanisms.

This model (Procedure PHREG, SAS version 8.2, SAS Institute, Cary, NC) estimates the
effects of time-dependent covariates cataract surgery (0 until surgery, then 1), age, and
AMD severity (based on the AREDS nine point severity scale) on the outcome variable,
“time to developing advanced AMD.” Analysis is done separately for right eyes and left
eyes because software for time-dependent covariates is not available to jointly model the
two eyes. A hazard ratio > 1 for cataract surgery would suggest an increased risk of
advanced AMD in eyes following surgery compared with non-surgery eyes, accounting for
time-dependent covariates age and AMD status as well as the independent covariates gender
and smoking history. Eyes were excluded from this analysis if they were pseudophakic/
aphakic or had advanced AMD at baseline.

Matched pair analysis—This analysis uses matching to adjust for potential confounding
variables. It addresses the question of whether cataract surgery accelerates the development
of advanced AMD by observing if advanced AMD occurs sooner after cataract surgery
compared with matched pair eyes that have not had cataract surgery. Eyes were matched so
that they had similar risk factors for the development of advanced AMD. Persons with
cataract surgery in either eye at baseline were excluded. A cataract surgery eye (case) was
included if surgery was performed after baseline and occurred before any evidence advanced
AMD. If surgery was performed in both eyes during follow-up, the “earlier” eye was
selected for analysis. A non-surgery eye (control) was eligible for matching if it has a
natural lens during all AREDS follow-up.

Characteristics of surgery eyes for matching were age at time of surgery, AMD severity
status at time of surgery (based on the AREDS 9-point severity scale from the annual fundus
photographs obtained prior to surgery), advanced AMD status of the fellow eye at time of
surgery, assigned AREDS treatment (active--antioxidants, zinc, or both; vs. placebo),
baseline participant AMD category (Category 2 or 3, or those with 2 study eyes; or Category
4 or those with 1 study eye), length of follow-up after surgery (time to advanced AMD
event, or to end of follow-up if no subsequent advanced AMD event).

A non-surgery eye was matched if, at some point in time during the study, all of the
following were met: (1) the person was the same age + 2 years as the surgery person at time
of surgery; (2) the non-surgery eye AMD severity status was the same as for the surgery eye
at time of surgery; (3) available length of follow-up for the non-surgery eye was within = 3
months of the length of follow-up for the surgery eye post cataract surgery; (4) the fellow
eye of the non-surgery eye had the same advanced AMD status as the fellow eye of the
surgery eye. The eyes were also matched on baseline AMD category and on assigned
AREDS treatment. When n>1 cases had the same matching characteristics, n controls were
matched to them.

R is defined as the number of eyes with cataract surgery [cases] with subsequent advanced
AMD that developed before their matched controls, divided by the number of eyes without
cataract surgery [controls] that developed advanced AMD before their matched cases. An R
greater than 1 suggests an increased likelihood of advanced AMD occurring sooner among
case eyes than among matched controls, i.e., an acceleration of occurrence of advanced
AMD.

Logistic regression—This model follows to some extent the analysis of the combined

data from the Beaver Dam Eye Study and the Blue Mountains Eye Study13, using a logistic
regression model of 5-year incidence. Eyes with cataract surgery after baseline are included
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if they had 5-years of follow-up from the time of surgery and were free of advanced AMD at
the time of surgery. Non-surgery eyes were included if they had 5 years of follow-up from
baseline. In all eyes, the outcome variable is defined as the presence or absence of advanced
AMD, assessed at the 5-year follow-up visit without regard to intermediate years. An odds
ratio (OR) > 1 would suggest increased risk of advanced AMD in eyes following surgery
compared with non-surgery eyes at exactly 5 years of follow-up. Unadjusted and adjusted
analyses were done using SAS Procedure GENMOD, accounting for correlation between
bilateral outcomes of two eyes in a person using the generalized estimating equations
methodology. Eyes were excluded if they had less than 5 years of follow-up, were
pseudophakic at baseline, or had advanced AMD at baseline or developed it before cataract
surgery. Similar to the BDES/BMES analyses, AMD status was categorized as the presence
or absence of late-stage AMD or eye-specific AMD Category 3 at baseline or within 1 year
before surgery.

Table 1 gives the distribution of baseline characteristics for participants with and without
cataract surgery. Risk of advanced AMD associated with cataract surgery is summarized in
Table 2 and Figure 1, and is given in detail in the following.

Progression to NV AMD

Cox proportional hazard analysis—The risk of NV AMD with cataract surgery among
AMD Category 2, 3, and 4 participants (2880 right eyes and 2961 left eyes) expressed as a
hazard ratio (HR) was (right eye) 1.20, 95%CI 0.82-1.75, (left eye) 1.07, 95%CI 0.72-1.58.
The model included covariates gender and baseline smoking status, as well as time-
dependent covariates age, AMD status, and cataract surgery. Among Category 2 and 3
participants HR = (right eye) 1.05, 95%CI 0.65-1.68, (left eye) 1.23, 95%CI 0.75-2.02. In
Category 4 participants, RE+LE (all study eyes), HR = 1.08, 95%CI 0.65-1.77.

Matched-pair analysis—Among 722 matched pairs, 569 (79%) had no NV AMD events
in matched follow-up. More surgery eyes (91) had NV AMD events before their matched
control eyes than non-surgery eyes (61) had before their matched case eyes, R = 91/61 =
1.49, 95%CI 1.07-2.10.

Logistic Regression—There were 6037 eligible eyes with follow-up at the 5-year visit,
and at that visit NV AMD had occurred in 22 (6.0%) of 364 eyes known to have had cataract
surgery since baseline, and in 260 (4.6%) of 5673 eyes without surgery. The odds of NV
AMD at 5 years follow-up, in eyes following cataract surgery compared to non-surgery
eyes, adjusted for covariates, was OR = 0.76, 95%CI 0.44-1.30.

Progression to GA and CGA

Cox proportional hazard analysis—The risk of GA with cataract surgery among AMD
Category 2, 3, and 4 participants (2964 right eyes and 3035 left eyes) expressed as a hazard
ratio (HR) was (right eye) 0.80, 95%CI 0.61-1.06, (left eye) 0.94, 95%Cl 0.71-1.25. The
model included covariates gender and baseline smoking status, as well as time-dependent
covariates age, AMD status, and cataract surgery. Among Category 2 and 3 participants HR
= (right eye) 0.75, 95%CI 0.55-1.02, (left eye) 0.72, 95%CI 0.51-1.02. In Category 4
participants, RE+LE (all study eyes), HR = 1.22, 95%CI 0.82-1.80. The corresponding
results for CGA were (Category 2, 3, and 4 participants) HR = (right eye) 0.87, 95%ClI
0.64-1.18, (left eye) 0.86, 95%CI 0.63-1.19; (Category 2 and 3 eyes) HR = (right eye) 0.86,
95%Cl 0.61-1.22, (left eye) 0.77, 95%CI 0.51-1.15; (Category 4 participants, RE+LE) HR
=0.98, 95%CI 0.64-1.49.
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Matched-pair analysis—Among 713 matched pairs, 539 (76%) had no GA events in
matched follow-up. Fewer surgery eyes (64) had GA events before their matched control
eyes than non-surgery eyes (110) had before their matched case eyes, R = 64/110 = 0.58,
95%CI 0.42-0.80. Among 724 matched pairs, 597 (82%) had no CGA events in matched
follow-up. Fewer surgery eyes (60) had CGA events before their matched control eyes than
non-surgery eyes (67) had before their matched case eyes, R = 60/67 = 0.90, 95%CI 0.62—
1.29.

Logistic Regression—There were 6127 eligible eyes with follow-up at the 5-year visit,

and at that visit GA occurred in 14 (2.6%) of 539 eyes known to have had cataract surgery

since baseline, and in 205 (3.7%) of 5588 eyes without surgery. The odds of GA at 5 years

follow-up, in eyes following cataract surgery compared with non-surgery eyes, adjusted for
covariates, was OR = 0.55, 95%CI 0.31-0.99. For CGA, OR = 0.68, 95%CI 0.33-1.41.

Discussion

The results from the Cox proportional hazards models used to examine AREDS data show
little evidence of a detrimental effect of cataract surgery on progression to advanced AMD.
Use of the Cox regression model allows us to take advantage of a unique feature of AREDS,
the ability to examine the effect of important covariables, including time dependent
covariables, on progression to late AMD. Results from the Cox models are not statistically
significant and there are no consistent trends among models, with point estimates for risk of
neovascular AMD in the harmful direction for the matched pair analyses and in the
protective direction for the logistic regression analyses. For GA results, all models had point
estimates in the direction of protection, suggesting that it is unlikely that there is any risk of
cataract extraction on the development of GA. The absence of any consistent pattern in the
direction of harm across models reinforces our conclusion that AREDS data provide little
evidence that cataract surgery increases the risk of progression to late AMD.

Our results are contrary to the results of some previously published epidemiologic studies,
including two reports that each pooled data from different population based studies.
Combined cross-sectional data from the Salisbury Eye Evaluation, Proyecto VER, and the
Baltimore Eye Survey found that “a history of cataract surgery may be associated with an
increased prevalence of late AMD” (OR 1.7, 95%CI 1.1-2.6).11 In this study severe cataract
was associated with a non-statistically significant increase in the prevalence of late AMD
(OR 1.4, 95% CI 0.8-2.4). Exclusion of these persons with severe cataract from the
reference (no surgery) group in the analyses may have influenced the finding of a positive
association between history of cataract surgery and prevalence of late AMD. The authors
noted the difficulties in establishing causal relationships with cross sectional studies and
called for additional studies, citing the possible effects of residual confounding or bias on
their results.

The second report pooled the 5-year results of the Beaver Dam Eye Study and the Blue
Mountains Eye Study.12 They identified persons with and without a history of cataract
extraction at a baseline examination and reexamined them for incident AMD at 5 and 10
years. They found an association between cataract surgery and the 5-year incidence of late
AMD (NV AMD and GA) with an adjusted OR 5.7 (95%Cl 2.4-13.6).12 Analyses from the
individual studies after 10 years of follow-up showed that the relationships largely persisted.
For the Beaver Dam Eye Study, cataract surgery before baseline was associated with an
increased risk of advanced AMD (Relative Risk (RR) 3.81,95%Cl 1.89-7.69), NV AMD
(RR 4.31, 95%Cl 1.71-10.9), and GA (RR 1.95, 95%CI 1.17-3.25).13 In the Blue
Mountains Eye Study, there was a 3-fold increased risk of advanced AMD (RR 3.3, 95%ClI
1.1-9.9) and NV AMD (RR 3.4, 95%CI 1.1-10.9) in nonphakic eyes compared with phakic
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eyes.14 No significant association for cataract surgery and the development of geographic
atrophy was noted in the Blue Mountains Eye Study. Another population-based study
conducted in Australia, the Visual Impairment Project, demonstrated cataract surgery was
not associated with progression of AMD.21

We used a logistic regression model of 5-year incidence in an attempt to follow to some
extent the analysis of the combined data from the Beaver Dam Eye Study and the Blue
Mountains Eye Study. No statistically significant associations were noted for cataract
surgery and occurrence of advanced AMD. In secondary adjusted analyses of their 10 year
data both the Beaver Dam and the Blue Mountains Eye Studies found no statistically
significant differences in the incidence of late AMD in eyes that underwent cataract surgery
between the baseline and 5 year follow-up examinations compared with eyes that did not
undergo cataract surgery (RR 1.62, 95% CI 0.60-4.40 for Beaver Dam and OR 0.82, 95%CI
0.26-2.59 for Blue Mountain)13:14,

There are many differences between our study and earlier studies that reported an
association between cataract surgery and progression of AMD. We can only speculate on
which of these differences might have caused the discrepant results. We studied a select
population of volunteers that was at much higher risk of developing advanced AMD than
was the case in the population based studies. Over 40% of our cohort had high risk
characteristics for late AMD—at least 1 large druse, extensive intermediate drusen, or
geographic atrophy (GA) that did not involve the center of the macula. The inclusion of such
a high proportion of participants who already had demonstrated a propensity to develop
AMD may have decreased our ability to detect additional risk factors, such as the impact of
cataract surgery. Moreover, AREDS participants were volunteers for a clinical trial of
nutritional supplements. Clinical trial volunteers are generally healthier and more health
conscious than the overall population, characteristics that might make them less susceptible
to a possible insult of cataract surgery on the macula.

Another possible difference in studies was how decisions to operate may have been made. In
the communities that participated in the population-based studies, it is more likely that
general ophthalmologists made the decision to operate, while the decision to proceed on
AREDS participants was likely to be influenced by the retinal specialists who were
examining the participants at regular intervals. As a result, participants in AREDS with
subtle macular pathology may have been less likely to undergo surgery. In the Beaver Dam
Eye Study the age-adjusted 5-year incidence of cataract surgery in right eyes was 3.5% in
persons without early AMD and 6.5% in those with early stage AMD at baseline.1® This
suggests that the presence of early AMD may influence the likelihood of surgery, perhaps
because of a subtle effect on visual acuity. Unpublished ten year data showed no difference
in cataract surgery rates in those who did or did not develop early AMD at the 5-year exam.
However, the diagnosis of early AMD may have resulted in closer follow-up of macular
status that made cataract surgery less likely.

Unadjusted confounding is another concern in epidemiological studies and is of particular
concern in a study of the effect of cataract surgery on the occurrence of AMD. Cataract and
AMD share some common risk factors, in particular increasing age, which is by far the most
important factor for each condition. Some but not all studies have reported associations
between the presence of cataract and AMD.2™ In the 10 year data from the Beaver Dam
Eye Study, cataract at baseline was associated with incidence of early AMD, soft indistinct
drusen, increased retinal pigment and progression of AMD, all risk factors for late AMD,
but not with late AMD itself.13 Lack of association with late AMD may have been due to
low power to detect differences because of the small number of incident late AMD cases (41
right and 48 left eyes). A link between cataract and AMD or incomplete adjustment for
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important known or unknown covariates in our analyses or the analyses of others could have
affected the findings or their interpretation. In our study, lens opacity status before cataract
surgery showed no pattern of independent association with subsequent advanced AMD.

Another factor that might have resulted in differences between our results and the results
from the pooled population based studies is the period that the cataract surgery had been
conducted. Techniques in cataract surgery and types of lens replacement may have changed
over time. Beaver Dam, and Blue Mountains Eye Study participants had cataract surgery
prior to recruitment, before 1988-1990 for Beaver Dam and before 1992-1994 for the Blue
Mountains Eye Study. Similarly, the Baltimore Eye Study and the Salisbury Eye Evaluation
Studies participants had cataract surgery during an earlier period of time than AREDS
participants.11 AREDS participants had their surgery sometime after the recruitment interval
of 1992-1998. About a quarter of Beaver Dam Eye Study participants had aphakic cataract
surgery.13 Ten year follow-up results from the Beaver Dam Study showed that eyes that
were aphakic at baseline had considerably higher relative risks for most of the AMD end
points (except for neovascular AMD) compared with eyes that had intraocular lenses (I0Ls)
at baseline, though rates for late AMD were still significantly higher for participants with
IOL’s than participants without cataract surgery. Moreover AREDS participants, with their
later occurring surgery, were probably more likely to have had UV-B blocking lenses
inserted than persons who had lenses implanted earlier. Some have hypothesized that
insertion of such lenses may decrease the risk of AMD by blocking UV-B exposure of the
macula. Thus, the greater likelihood of extracapsular cataract extractions with insertion of
UV blocking lenses in AREDS participants may explain some of the differences in findings.
Some support for this possibility is provided from both the Beaver Dam Eye Study and the
Blue Mountains Eye Studies that found, in secondary analyses, no significant difference in
the incidence of late AMD in eyes that did and did not have surgery between the 5 and 10
year examinations.13:14 Such eyes had surgery at a later time than eyes with a history of
cataract surgery at the baseline examination.

Our study had some major strengths. Stereo retinal photographs were taken in a standardized
fashion at baseline and then annually after the first yearly visit. They were graded at a
reading center which had a rigorous quality control program. Unlike some of the other
studies, we were able to document macular status prior to cataract surgery. This is of
importance in establishing the temporal relationship between development of macular
lesions and occurrence of cataract surgery.

The large number of participants in AREDS, the inclusion of participants at increased risk of
advanced AMD, and the long period of follow-up increased the study’s power to detect
associations by providing a large number of cases with cataract surgery (about 1700) and
incident advanced AMD (over 750). The population based studies had far fewer cases of
each.

With the low losses to follow-up (2% during the entire clinical trial portion and 4% during
the later nonintervention portion of AREDS, not including deaths) and the frequent
participant contacts, information on both cataract surgery and progression to advanced AMD
was captured for almost all of participants. The population-based studies had rates of loss to
follow-up that ranged from almost 20 to 33%.

In the AREDS population that was carefully followed at frequent, regular intervals for a
long period of time, it appears that cataract surgery was not associated with a clinically
important increase in the rates of development of advanced AMD. However, it remains
important that individuals with large drusen and pigmentary changes have an understanding
of their risk for progression to advanced AMD with or without cataract surgery and that this
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risk is discussed with the patient prior to cataract surgery. Persons with intermediate AMD
(bilateral large drusen) or with unilateral advanced AMD should be aware of the fact that the
risk of developing advanced AMD is as high as 50% in 5 years 22, regardless of cataract
surgery. Although the results of AREDS analyses suggest that this risk does not appear to be
accelerated by cataract surgery, the patient should still be counseled as to the risk of
development of advanced AMD because of the natural course of the disease.

In summary, the AREDS data suggest that there is no clinically important increased risk of
progression to advanced AMD following cataract surgery. This is the only prospective study
in which the severity of AMD was documented prior to and following cataract surgery in a
large number of cases with more than 5 years of regular follow-up. These data, that are
contrary to previously reported results, may provide some reassurance to patients with AMD
who are considering cataract surgery.
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Figure 1. Graphical representation of risks and 95% confidence intervals

Ratio is Hazard Ratio (HR) for Cox models, Ratio (R) from matched-pair analysis, Odds
Ratio (OR) for logistic regression.

Values of HR, R and OR > 1 suggest increased risk of age-related macular degeneration in
eyes following cataract surgery compared with non-surgery eyes.

RE =Right eye, LE =Left eye, NVAMD = Neovascular age-related macular degeneration,
GA = Geographic atrophy, CGA = Central geographic atrophy, Logistic Regr = Logistic
Regression.

Persons in Categories 2, 3, and 4 at baseline are at increasing risk of developing advanced
AMD, as described in “Study Population.”
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Baseline Characteristics of Participants with Incident Cataract Surgery vs Participants with No Cataract

Surgery?

Baseline Characteristics

Incident Cataract Surgery (n=1167)

No Cataract Surgery (n=3410)

P Valueb

Total (n=4577)

Age
55-64
65-69
70-81
Mean Age, yr (SD)
Gender
Female
Male
Race
White
Other
History of Smoking
Ever Smoked
Never Smoked
AMD Treatment
Placebo
Treated
Participant AMD Category
Category 1
Category 2
Category 3
Category 4
Nuclear Sclerosis®
<STD 4
>STD 4
Length of Follow-up, yr
Median
Mean (SD)

685 (59)
482 (41)

1130 (97)
37 (3)

646 (55)
521 (45)

369 (32)
798 (68)

900 (77)
262 (23)

9.8
9.2 (1.9)

944 (28)

1173 (34)

1293 (38)
68 (5)

1870 (55)
1540 (45)

3244 (95)
166 (5)

1899 (56)
1511 (44)

1071 (31)
2339 (69)

841 (25)
795 (23)
1089 (32)
685 (20)

3098 (91)
308 (9)

95
8.6 (2.5)

<.0001

<.0001
.02

.02

.84

.89

46

<.0001

<.0001
<.0001

1069 (23)

1558 (34)

1950 (43)
68 (5)

2555 (56)
2022 (44)

4374 (96)
203 (4)

2545 (56)
2032 (44)

1440 (32)
3137 (68)

1113 (24)
1054 (23)
1540 (34)
870 (19)

3998 (88)
570 (12)

95
8.8 (2.4)

a\/alues are expressed as number (%) of participants unless otherwise indicated.

b .
P value derived from t test for means and

2 test for percentages.

Baseline score based on earliest eye with incident cataract surgery; if no surgery, worse baseline score selected. Data unavailable for 9

participants.

SD = standard deviation; STD 4 = standard photograph 4; AMD = age-related macular degeneration.
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