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Purpose: To assess the effect of availability of anti-vascular endothelial growth factor (VEGF) therapy on
mortality and hospitalizations for acute myocardial infarction (AMI) and stroke over a 5-year follow-up period in
United States Medicare beneficiaries newly diagnosed with exudative age-related macular degeneration (AMD) in
2006 compared with control groups consisting of beneficiaries (1) newly diagnosed with exudative AMD at a time
when anti-VEGF therapy was not possible and (2) newly diagnosed with nonexudative AMD.

Design: Retrospective cohort study.
Participants: Beneficiaries newly diagnosed with exudative and nonexudative AMD in 2000 and 2006

selected from a random longitudinal sample of Medicare 5% claims and enrollment files.
Methods: Beneficiaries with a first diagnosis of exudative AMD in 2006 were the treatment group; benefi-

ciaries newly diagnosed with exudative AMD in 2000 or nonexudative AMD in 2000 or 2006 were control groups.
To deal with potential selection bias, we designed an intent-to-treat study, which controlled for nonadherence to
prescribed regimens. The treatment group consisted of patients with clinically appropriate characteristics to
receive anti-VEGF injections given that the therapy is available, bypassing the need to monitor whether treatment
was actually received. Control groups consisted of patients with clinically appropriate characteristics but first
diagnosed at a time when the therapy was unavailable (2000) and similar patients but for whom the therapy was
not clinically indicated (2000, 2006). We used a Cox proportional hazard model.

Main Outcome Measures: All-cause mortality and hospitalization for AMI and stroke during follow-up.
Results: No statistically significant changes in probabilities of death and hospitalizations for AMI and stroke

within a 5-year follow-up period were identified in exudative AMD beneficiaries newly diagnosed in 2006, the
beginning of widespread anti-VEGF use, compared with 2000. As an alternative to our main analysis, which
excluded beneficiaries from nonexudative AMD group who received anti-VEGF therapies during follow-up, we
performed a sensitivity analysis with this group of individuals reincluded (11% of beneficiaries newly diagnosed
with nonexudative AMD in 2006). Results were similar.

Conclusions: Introduction of anti-VEGF agents in 2006 for treating exudative AMD has not posed a threat of
increased risk of AMI, stroke, or all-cause mortality. Ophthalmology 2016;123:2225-2231 ª 2016 by the American
Academy of Ophthalmology.

Supplemental material is available at www.aaojournal.org.
Anti-vascular endothelial growth factor (VEGF) therapies
have been shown to be effective in slowing the progression
of vision loss among persons diagnosed with exudative age-
related macular degeneration (AMD).1,2 Although the first
anti-VEGF agent was approved in 2004, their use became
widespread immediately after the introduction of bev-
acizumab (Genentech, San Francisco, CA) in 2006. Since
then, anti-VEGF agents have become first-line therapy for
the gamut of retinal vascular diseases. With the growth in
use, there has been ongoing concern that anti-VEGF thera-
pies and their extended administration may lead to increased
risk of thromboembolic events. Some population-based
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studies have reported that anti-VEGF treatment of exuda-
tive AMD is associated with the development of coronary
artery disease and stroke,3e7 or death associated with long-
term use.8 Furthermore, it has been reported that 30% of
persons with exudative AMD without a history of
coronary artery disease have a high probability of acute
atherothrombotic events.9 However, other studies have
reported no association of anti-VEGF therapies with inci-
dent stroke,10e13 acute myocardial infarction (AMI),10,13e15

or short-term all-cause mortality.13,15e18

Although a recent summary of expert opinion concluded
that these agents pose little systemic thromboembolic risk,19
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Table 1. List of Study Codes

Condition Administrative Code*

Dependent Variables
Myocardial infarctiony ICD-9: 410.xx 412.xx
Strokey ICD-9: 431.xx 434.xx 436.xx

AMD
Nonexudative senile

macular degeneration
ICD-9: 362.51

Exudative senile macular
degeneration

ICD-9: 362.52

Exclusions
Retinal vein occlusion ICD-9: 362.35 362.36
Macular edema ICD-9: 362.07 362.53 362.83

Covariates
Diabetes mellitus, type 2 ICD-9: 250.xx
Hypertension ICD-9: 401.xx
Atrial fibrillation or flutter ICD-9: 427.31 427.32
Ischemic heart disease ICD-9: 411.81 411.89 414.0x 414.8

414.9
Angina ICD-9: 413.xx
Congestive heart failure ICD-9: 402.x1 404.x1 428.xx 398.91
Cerebral ischemic attack ICD-9: 437.1
Transient ischemic attack ICD-9: 435.x

Intravitreal injection of
anti-VEGF agent

CPT-
4:

67028 followed by 1 of: J9035
Q2024 C9257 C9399 J3490
J3590 (bevacizumab
[Avastin; Genentech, Inc.,
San Francisco, CA]), C9233
J2778 (ranibizumab
[Lucentis; Genentech, Inc.]),
J2503 (pegaptanib [Macugen;
Valeant Pharmaceuticals,
Inc., Laval, Quebec,
Canada]), Q2046 C9291
J0178 (aflibercept [Eylea;
Regeneron, Inc., Tarrytown,
NY]).

CPT-4 ¼ Current Procedural Terminology 4th Edition; ICD-9 ¼ Inter-
national Classification of Diseases, 9th Revision; VEGF ¼ vascular endo-
thelial growth factor.
*Codes are drawn from ICD-9, Clinical Modification (ICD-9 for condi-
tion) and CPT-4 codes.
yIncludes Part A inpatient claims only.
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the role of anti-VEGF therapy in mediating thromboembolic
events is still insufficiently understood.20,21 Many prior as-
sessments have lacked adequate power to detect statistically
significant differences in these rare adverse outcomes,22

whereas others were based on the use of local, non-
nationally representative samples and short follow-up pe-
riods after initiation of anti-VEGF therapy. An additional
contributor to such inconclusive results may be the presence
of selection bias in individuals treated with anti-VEGF
agents. Although treatment with anti-VEGF agents is now
common, a combination of issues including patient prefer-
ences leading to refusal of treatment, lack of local access,
and presence of comorbidities and other conditions make
use far from universal. Therefore, observed outcomes may
reflect the process of selection into therapy rather than the
effect of the therapy on health outcomes.

To deal with the potential problem of selection bias, we
designed an intent-to-treat study. Intent-to-treat analysis is
intended to control for the effect of nonadherence to pre-
scribed regimens in randomized clinical studies. When
applied to longitudinal health records data, in the context of
our study, it allows for the treatment of all patients who have
the clinically appropriate characteristics to receive anti-
VEGF injections, as the treatment group, bypassing the
need to monitor whether treatment was actually received.

This study used a nationally representative 5% sample of
all US Medicare beneficiaries enrolled in Medicare Parts A
and B who were aged 68þ years to assess the effect of the
availability of anti-VEGF therapy on all-cause mortality and
hospitalizations for stroke and AMI over a 5-year follow-up
period in beneficiaries newly diagnosed with exudative
AMD compared with beneficiaries newly diagnosed with
exudative AMD at a time when anti-VEGF therapy was not
possible.

Methods

Data Sources

Data came from a nationally representative 5% random sample of
claims filed between January 1, 1997, and December 31, 2013, on
behalf of Medicare beneficiaries enrolled in Medicare Parts A and
B and residing in the United States. Claims data were linked to an
enrollment file providing information on enrollment type and sta-
tus, dates of birth and death, and basic demographic information.
The use of restricted Medicare claims and enrollment data was
approved by Duke University’s Institutional Review Board and
adheres to the ethical principles of World Medical Association
Declaration of Helsinki.

Sample Selection

The analysis sample consisted of Medicare beneficiaries first
diagnosed with exudative or nonexudative AMD in 2000 and 2006
as recorded on at least 2 Medicare claims within 180 days of each
other. Beneficiaries with a first diagnosis of exudative AMD in
2006 were the treatment group, and beneficiaries newly diagnosed
with exudative AMD in 2000 or nonexudative AMD in 2000 or
2006 were used as control groups (Table 1). Analysis was
restricted to beneficiaries aged 68þ years to allow for a 3-year
look-back period, which was used to identify the date of the first
exudative or nonexudative AMD diagnosis and to record
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comorbidities. The date of the first claim with a confirmed study
diagnosis was the date used for defining follow-up and look-back
periods. The follow-up period was 5 years after the diagnosis
date that qualified a beneficiary for inclusion in this study. The
study outcomes, death and hospitalizations for stroke and AMI,
were evaluated over the follow-up period. Beneficiaries diagnosed
with macular edema or retinal vein occlusion over the 5-year
follow-up period and beneficiaries with a hospitalization for
stroke and/or myocardial infarction over the 3-year look-back
period were excluded. In the primary analysis, beneficiaries in
the 2006 nonexudative AMD control group who received anti-
VEGF therapies during the 5-year follow-up period were
excluded (11.1%) (Table 2). A secondary sensitivity analysis with
these individuals included also was performed. Most beneficiaries
in the 2006 exudative AMD treatment group (53.3%) received anti-
VEGF therapy at some time during the 5-year follow-up period
after an initial diagnosis of exudative AMD. The 2000 and 2006
cohorts refer to the year of initial diagnosis, not to the year(s) of
receipt of anti-VEGF injections, which could occur anytime during
the 5-year follow-up period. After excluding beneficiaries



Table 2. Sample Selection Process

Exudative AMD Nonexudative AMD

2006 2000 2006 2000

Initial sample pool 8856 4540 12 638 7727
Comorbidity restrictions
Loss to retinal vein

occlusion
782 541

Loss to macular edema 2099 1297
Sample pool after

comorbidity
restrictions

8856 4540 9757 5889

Receipt of anti-VEGF
within 5 yrs of
diagnosis (%)

53.26 0.00 11.14 0.00

Additional restrictions
Loss to VEGF injection 1556 531
Loss to missing data 2 1 2 0

Final sample size 8854 4539 8199 5358
Receipt of anti-VEGF

within 5 yrs of
diagnosis (%)

53.26 0.00 0.00 0.00

AMD ¼ age-related macular degeneration; VEGF ¼ vascular endothelial
growth factor.
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diagnosed with macular edema and retinal vein occlusion, none of
the beneficiaries in the 2000 groups (exudative or nonexudative
AMD) received such therapy during the 5-year follow-up period.
Statistical Analysis

A Cox proportional hazard model, coupled with a difference-in-
difference explanatory variable design, was used to assess the re-
lationships between availability of anti-VEGF therapies and the
study outcomes. The difference-in-difference approach was based
on the comparison of 4 mutually exclusive groups of beneficiaries.
The treatment group consisted of beneficiaries newly diagnosed
with exudative AMD in 2006. These individuals had clinical in-
dications for anti-VEGF therapy and could receive it, if needed. The
first control group consisted of beneficiaries newly diagnosed with
exudative AMD in 2000. These persons had the same clinical in-
dications for anti-VEGF therapy but could not receive the treatment
because it was not available in 2000, and according to our calcu-
lations (Fig A1, Appendix, available at www.aaojournal.org) was
used rarely even in the last year of the follow-up period for this
cohort (2005). The technology became progressively more widely
used in 2006 and in subsequent years. The last 2 control groups
consisted of beneficiaries newly diagnosed with nonexudative
AMD in 2000 and 2006, respectively. Anti-VEGF therapy is not
clinically indicated for nonexudative AMD.

The general form of the equation to be estimated was
Y¼b0þb1Aþb2Tþb3A*Tþb4Xþε (1), where Y is the outcome of
interest, A is a binary indicator of anti-VEGF availability (i.e., for the
2006 cohort),T is a binary indicator of the treatment groupdexudative
AMD, A*T is an interaction term, and X is a matrix including all other
covariates.The covariateAmeasured temporal influences affecting the
dependent variable applicable to both exudative and nonexudative
AMD groups (e.g., changes in technology and practice patterns
affecting beneficiaries newly diagnosed with exudative and non-
exudative AMD in 2000 and 2006); T measured time-invariant dif-
ferences between the treatment and control groups (i.e., persistent
differences between the treatment and control groups in study out-
comes not attributable to availability of anti-VEGF injections). For
example, one study found that the presence of AMD, especially
exudative AMD, is prospectively associated with a higher risk of
incident AMI,23 but another study found no difference in incident
AMI.24 To our knowledge, no study has documented a difference
between AMD and incident stroke.3,24 The interaction term
A*T measured the effect that the availability of anti-VEGF therapies
to the treatment group had on the study outcomes. Specifically, A*T
represented the difference between 2 differences: [(YT¼2006,A¼1 �
YT¼2000,A¼1) � (YT¼2006,A¼0 � YT¼2000,A¼0)] (2) the difference
in study outcomes between beneficiaries newly diagnosed with
exudative AMD in 2006/2000 minus the difference in such outcomes
of beneficiaries newly diagnosed with nonexudative AMD in
2006/2000.

Covariates included in X were male gender; black race; other
race (white race, omitted reference group), age 75e84 years, age
85þ years (age 65e74 years omitted reference group); Charlson
Index; and binary variables for prior diagnosis of diabetes mellitus,
atrial fibrillation/flutter, ischemic heart disease, angina pectoris,
congestive heart failure, cerebral ischemic attack, and transient
ischemic attack (Table 1). Stata 11 (StataCorp 2009. Stata
Statistical Software: Release 11. StataCorp LP, College Station,
TX) and SAS 9.4 (SAS Institute Inc., Carey, NC) were used for
the analysis.
Results

Descriptive Sample Statistics

Thirty-one percent of beneficiaries first diagnosed with exudative
AMD in 2006 died within 5 years of diagnosis (Table 3). Death
rates for beneficiaries diagnosed with nonexudative AMD were
4% lower than for contemporary beneficiaries diagnosed with
exudative AMD. Death rates for the 5-year follow-up period
were slightly higher (1%) for the 2006 than the 2000 cohort. By
contrast, rates of hospitalization for AMI and stroke during follow-
up were slightly lower for the 2006 than the 2000 cohorts. The
majority of sample persons were white women in both years with
substantial increases in the proportions of women older than 85
years of age in 2006. The mean value of the Charlson Index, a
measure of general health, was higher for beneficiaries with
exudative AMD than for those with nonexudative AMD, indicating
that exudative AMD was associated with substantially worse
general health. Although the general health of persons with
exudative AMD tended to decrease between 2000 and 2006, the
opposite pattern occurred for beneficiaries with nonexudative
AMD. This decline in general health of newly diagnosed exudative
AMD beneficiaries was not generally reflected in the specific
comorbidities analyzed in this study (prior diagnoses of cardio-
vascular and cerebrovascular conditions other than AMI or stroke
and diabetes mellitus), which demonstrated a modest decrease in
prevalence in 2006.

Cox Proportional Hazard Analysis

No statistically significant changes in the probabilities of death
and hospitalizations for AMI and stroke within a 5-year follow-
up period were identified in exudative AMD beneficiaries newly
diagnosed in 2006, the beginning of widespread anti-VEGF use,
compared with 2000 (Table 4). The key results are for the
estimates for the difference-in-difference hazard ratio (HR)
corresponding to b3 from Equation 1 as described earlier. On the
basis of these HRs, probabilities of adverse study health out-
comes among exudative AMD beneficiaries in 2006 compared
with 2000 declined by 8% for all-cause mortality (HR, 0.92; 95%
confidence interval [CI], 0.84e1.01), 10% for AMI (HR, 0.90;
2227
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Table 3. Summary Statistics

Exudative 2006 Exudative 2000 Nonexudative 2006 Nonexudative 2000

Death 0.31 (0.46) 0.30 (0.46) 0.27*** (0.45) 0.26*** (0.44)
Myocardial infarction 0.04 (0.20) 0.06*** (0.24) 0.04 (0.20) 0.05** (0.23)
Stroke 0.05 (0.22) 0.07*** (0.25) 0.05 (0.22) 0.06* (0.23)
Male 0.22 (0.41) 0.34*** (0.47) 0.19*** (0.40) 0.33*** (0.47)
Black 0.01 (0.11) 0.01 (0.10) 0.02*** (0.14) 0.02*** (0.14)
Other race 0.02 (0.14) 0.02 (0.14) 0.03* (0.16) 0.02 (0.15)
Age: 75e84 yrs 0.50 (0.50) 0.51 (0.50) 0.49 (0.50) 0.53*** (0.50)
Age: 85þ yrs 0.36 (0.48) 0.27*** (0.45) 0.33*** (0.47) 0.25*** (0.43)
Charlson Index 1.38 (1.86) 1.17*** (1.74) 0.15*** (0.75) 0.32*** (1.00)
Diabetes mellitus 0.13 (0.34) 0.14 (0.35) 0.14* (0.35) 0.15*** (0.36)
Hypertension 0.26 (0.44) 0.40*** (0.49) 0.33*** (0.47) 0.40*** (0.49)
Atrial fibrillation/flutter 0.09 (0.29) 0.12*** (0.33) 0.10 (0.30) 0.12*** (0.33)
Ischemic heart disease 0.12 (0.33) 0.25*** (0.43) 0.15*** (0.36) 0.24*** (0.43)
Angina 0.04 (0.21) 0.13*** (0.33) 0.05 (0.21) 0.11*** (0.31)
Congestive heart failure 0.11 (0.31) 0.18*** (0.39) 0.10 (0.30) 0.17*** (0.37)
Cerebral ischemic attack 0.02 (0.15) 0.01** (0.12) 0.02 (0.15) 0.02* (0.13)
Transient ischemic attack 0.05 (0.21) 0.09*** (0.29) 0.04 (0.20) 0.09*** (0.28)
N 8854 4539 8199 5358

Data shown are the sample means with standard deviations in parentheses.
Asterisks show the results for t tests with exudative AMD 2006 as the comparison group: *Significant at a � 0.05. **Significant at a � 0.01. ***Significant
at a � 0.001.
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95% CI, 0.72e1.12), and 17% for stroke (HR, 0.83; 95% CI,
0.67e1.02). However, none of these decreases were statistically
significant. Likewise, by comparing exudative with non-
exudative AMD beneficiaries, trends of increased death, AMI,
and stroke were identified in exudative AMD beneficiaries, but
none of the HRs were statistically significant. A statistically
significant increase in mortality rates was identified in both
Table 4. Survival Functions for Mortalit

Mortality

Exudative AMD✕2006z 0.92 [0.84e1.01]
Exudative AMDx 1.03 [0.95e1.11]
2006k 1.09* [1.02e1.17]
Male 1.25*** [1.19e1.32]
Black 1.14 [0.96e1.36]
Other race 0.84* [0.70e0.99]
Age: 75e84 yrs 1.98*** [1.81e2.16]
Age: 85þ yrs 4.59*** [4.21e5.00]
Charlson Index 1.12*** [1.11e1.14]
Diabetes mellitus 1.11** [1.04e1.18]
Hypertension 0.95* [0.90e0.99]
Atrial fibrillation/flutter 1.36*** [1.28e1.45]
Ischemic heart disease 1.09** [1.02e1.15]
Angina 0.99 [0.91e1.08]
Congestive heart failure 1.52*** [1.43e1.61]
Cerebral ischemic attack 1.23** [1.07e1.41]
Transient ischemic attack 1.17*** [1.08e1.28]
N 26 950

AMD ¼ age-related macular degeneration.
*Significant at a � 0.05. **Significant at a � 0.01. ***Significant at a � 0.0
ySample size reduced because of instances of outcome of interest before baselin
zExudative AMD (2006) ¼ 1 versus all other 3 AMD categories ¼ 0.
xExudative AMD (2006 þ 2000) ¼ 1 versus nonexudative AMD (2006 þ 200
kExudative AMD (2006) þ nonexudative AMD (2000) ¼ 1 versus exudative
(2000) þ nonexudative AMD (2000) ¼ 0.
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newly diagnosed exudative and nonexudative beneficiaries as a
combined group in 2006 compared with 2000 (HR, 1.09; 95%
CI, 1.02e1.17). The implied increase in the probability of death
for beneficiaries newly diagnosed with AMD was higher than
indicated by the changes in the mean values reported in Table 3.
Table 4 reports the results of multivariate analysis; there were
substantial changes in case-mix between the 2000 and 2006
y, Myocardial Infarction, and Stroke

Myocardial Infarction Stroke

0.90 [0.72e1.12] 0.83 [0.67e1.02]
1.04 [0.88e1.23] 1.09 [0.93e1.28]
0.87 [0.74e1.02] 0.88 [0.76e1.03]
1.24*** [1.09e1.40] 0.97 [0.86e1.09]
1.23 [0.83e1.83] 1.12 [0.75e1.68]
0.58* [0.36e0.93] 1.05 [0.74e1.48]
1.39*** [1.17e1.65] 1.58*** [1.34e1.87]
2.11*** [1.77e2.52] 2.48*** [2.09e2.96]
1.07*** [1.04e1.11] 1.07*** [1.03e1.11]
1.19* [1.03e1.38] 1.09 [0.94e1.26]
0.96 [0.85e1.08] 1.00 [0.90e1.12]
1.15 [0.97e1.35] 1.40*** [1.20e1.63]
1.17* [1.01e1.34] 1.12 [0.98e1.28]
1.38*** [1.15e1.65] 1.02 [0.85e1.24]
1.64*** [1.42e1.89] 1.06 [0.92e1.24]
1.24 [0.88e1.74] 1.68*** [1.28e2.20]
1.08 [0.87e1.33] 1.75*** [1.48e2.07]

26 608y 26 679y

01.
e diagnosis.

0) ¼ 0.
AMD (2006) þ nonexudative AMD (2006) ¼ 1 versus exudative AMD



Table 5. Sensitivity Testing of Key Covariates

Main Specification Alternate Specificationy

Mortality Myocardial Infarction Stroke Mortality Myocardial Infarction Stroke

Exudative AMD✕2006z 0.92 [0.84e1.01] 0.90 [0.72e1.12] 0.83 [0.67e1.02] 0.97 [0.88e1.06] 0.91 [0.74e1.13] 0.86 [0.70e1.05]
Exudative AMDx 1.03 [0.95e1.11] 1.04 [0.88 1.23] 1.09 [0.93e1.28] 1.15*** [1.06 1.24] 1.07 [0.91e1.26] 1.16 [0.99e1.36]
2006k 1.09* [1.02e1.17] 0.87 [0.74e1.02] 0.88 [0.76e1.03] 1.04 [0.97e1.11] 0.86* [0.74e1.00] 0.87* [0.75e1.00]
N 26 950 26 608 26 679 29 037 28 662 28 749

*Significant at a � 0.05. ***Significant at a � 0.001.
yIn the alternate specification, the nonexudative AMD groups include people who received anti-VEGF treatment. The main specification repeats from
Table 4.
zExudative AMD (2006) ¼ 1 versus all other 3 AMD categories ¼ 0.
xExudative AMD (2006 þ 2000) ¼ 1 versus nonexudative AMD (2006 þ 2000) ¼ 0.
kExudative AMD (2006) þ nonexudative AMD (2000) ¼ 1 versus exudative AMD (2006) þ nonexudative AMD (2006) ¼ 1 versus exudative AMD
(2000) þ nonexudative AMD (2000) ¼ 0.
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cohorts, in particular, the decrease in the mean value of the
Charlson index for the nonexudative AMD group.

Results for the other covariates were plausible, with the
exception of hypertension in the analysis of all-cause mortality. A
diagnosis of hypertension at baseline was associated with reduced
mortality during follow-up (HR, 0.95; 95% CI, 0.90e0.99), which
may in part reflect active management of hypertension in benefi-
ciaries with a diagnosis of hypertension compared with those
beneficiaries without diagnosed hypertension who presumably
were not treated for this condition.

As an alternative to our main analysis, which excluded bene-
ficiaries who received anti-VEGF therapies from the nonexudative
AMD group, we performed a sensitivity analysis with this group of
individuals reincluded (Table 5). In the alternate specification, the
HRs comparing study outcomes of beneficiaries newly diagnosed
with exudative AMD in 2006 versus 2000 (b3) generally
increased slightly but were still not statistically significant. The
HR for the risk of all-cause mortality among exudative AMD
versus nonexudative AMD beneficiaries (2006 and 2000, inclu-
sive) became larger (HR, 1.15; 95% CI, 1.06e1.24) and statisti-
cally significant. In addition, the HR for risk of AMI and stroke in
2006 versus 2000 also became significant, but these results, as in
Table 3, imply that, after accounting for other factors, the 2006
cohorts faced a lower risk of AMI and stroke than the 2000
cohorts did. The HR for the binary variable for the 2006 cohort
fell in the alternative specification and in contrast to the main
specification was no longer statistically significant.
Discussion

Our analysis of individuals newly diagnosed with exudative
AMD showed that widespread use of anti-VEGF agents in
2006 for the treatment of this condition did not lead to
increased mortality or hospitalizations for AMI and stroke in
this population of individuals.

Attributes of beneficiaries newly diagnosed with both
AMD types were often similar with the notable exception of
the Charlson Index, a marker for general health, which was
worse among exudative AMD beneficiaries. There were no
statistically significant differences in incident AMI or stroke
between beneficiaries newly diagnosed with exudative
compared with nonexudative AMD.

We accounted for differences in beneficiary attributes by
including them as covariates in our multivariate analysis.
Likewise, the analysis accounted for intertemporal changes
common to both AMD types by combining data on bene-
ficiaries newly diagnosed with these conditions in 2000
before anti-VEGF agents were available with data from
2006, the first year when such agents were widely used. This
study extended another intent-to-treat analysis based on the
same data that assessed changes in vision outcomes25 after
widespread use of anti-VEGF agents for treating exudative
AMD.26

Study Limitations and Strengths

We used an intent-to-treat design to overcome selection bias
inherent in clinical treatment of exudative AMD. It was
hypothesized and then observed that individuals receiving
anti-VEGF therapy tended to be healthier than their coun-
terparts who did not undergo the treatment, indicating the
presence of significant selection bias toward avoiding
treatment in those whose systemic comorbidities may be
thought to override any benefit of anti-VEGF treatment. Our
intent-to-treat study design, which allowed for the assess-
ment of health outcomes for the entire sample of Medicare
beneficiaries newly diagnosed with exudative AMD rather
than just those receiving anti-VEGF treatment, was used to
overcome this limitation.

This study has several other important strengths,
including the national representativeness of the data, the
analysis sample sizes, which are larger than in many pre-
vious studies, the long follow-up period, and the use of the
intent-to-treat design to deal with selection in use of the
study therapy.

We also acknowledge some study limitations. First, even
after screening, slightly more than 10% of beneficiaries in
the 2006 control group of newly diagnosed nonexudative
AMD beneficiaries received anti-VEGF therapy during the
5-year follow-up period. These beneficiaries were diagnosed
with exudative AMD at the time they received anti-VEGF
therapy during follow-up. They were not diagnosed with
exudative AMD in 2006, and therefore were not part of the
treatment group. Nevertheless, we cannot rule out coding
errors at baseline, that is, that beneficiaries had exudative
AMD in 2006, but the claims did not indicate this. The issue
of coding errors reflects a broader issue of errors in coding
2229
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of diagnoses in claims data, which were not designed for use
in research. Second, we did not evaluate the relationship
between specific anti-VEGF agents and AMI, stroke, and
mortality outcomes. Third, although concerns about adverse
effects of anti-VEGF therapies in the existing literature and
in this study have largely focused on potential adverse
outcomes to the cardiovascular and cerebrovascular sys-
tems, there may be other potential adverse outcomes, such
as Parkinson’s disease, which were not evaluated.27 Finally,
we studied the impact of the introduction of anti-VEGF
therapies on elderly persons newly diagnosed with exuda-
tive AMD, not just those who received such therapies, to
minimize effects from treatment selection bias. However, in
an additional sensitivity analysis not presented, we
compared persons who actually received the therapies with
others who did not and found that the former group sur-
prisingly fared better than the latter, which we attributed to
selection. Although our analysis indicated no adverse effects
on all-cause mortality, AMI, or stroke on average, we
cannot rule out the possibility that some individuals who
received relatively large numbers of injections were more
prone to experience adverse outcomes of the types we
analyzed.

In summary, with the caveats just noted, data from this
study do not show that the introduction of anti-VEGF agents
in 2006 for treating exudative AMD has posed a threat of
increased risk of AMI, stroke, or all-cause mortality.
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