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Abstract

Purpose—To compare the longitudinal incidence over 10 years of dry and wet age-related
macular degeneration (AMD) in a U.S. sample of Medicare beneficiaries with: no diabetes
mellitus (no DM); diabetes mellitus without retinopathy (DM); non-proliferative diabetic
retinopathy (NPDR); and proliferative diabetic retinopathy (PDR).

Design—Retrospective, longitudinal cohort analysis

Methods—Using Medicare claims data, the 10-year incidence of dry and wet AMD was
followed from 1995-2005 in beneficiaries aged >69 years with newly diagnosed DM (n=6,621),
NPDR (n=1,307), and PDR (n=327) compared with each other and matched controls without
diabetes for each group.

Results—After controlling for covariates, newly diagnosed NPDR was associated with
significantly increased risk of incident diagnosis of dry AMD (hazard ratio (HR) 1.24; 95%
confidence interval (CI) 1.08-1.43) and wet AMD (HR 1.68; 95% ClI: 1.23-2.31). Newly
diagnosed PDR was associated with significantly increased risk of wet AMD only (HR 2.15; 95%
Cl: 1.07-4.33). Diabetes without retinopathy did not affect risk of dry or wet AMD. There was no
difference in risk of wet AMD in PDR compared to NPDR.

Conclusion—Elderly individuals with non-proliferative or proliferative diabetic retinopathy
may be at higher risk of AMD compared to those without diabetes mellitus or diabetic retinopathy.

Keywords

Age-related macular degeneration; AMD; incidence; diabetes; diabetic retinopathy; Medicare
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INTRODUCTION

Age-related macular degeneration (AMD) and diabetic retinopathy are major causes of
irreversible blindness in higher income countries.1=* Surprisingly, the relationship between
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these two diseases is poorly understood with inconsistent conclusions from previous clinical
and epidemiological studies. Some reports have suggested an increased risk in either
geographic atrophy or neovascular AMD with diabetes mellitus (DM).5~2 Anecdotal clinical
observations suggest a lower risk of advanced AMD in diabetics, 1011 which has been
demonstrated in one report.12 In other investigations, no association between these two
diseases was noted.13-17 Previous studies have generally been limited by small patient
samples, lack of follow-up data inherent in cross-sectional study design, and/or absence of
differentiation of diabetic and/or AMD subtypes.

We used the 5% sample of Medicare claims data to determine the rate of incident dry or wet
AMD in beneficiaries aged 69+ with new onset DM, non-proliferative diabetic retinopathy
(NPDR), and proliferative diabetic retinopathy (PDR) over a 10 year period (1995-2005)
relative to a matched population of persons without DM during the same period. We provide
evidence suggesting that diabetic retinopathy, both non-proliferative and proliferative, may
be associated with increased risk of AMD.

Under a Duke University Institutional Review Board-approved protocol, Medicare 5%
inpatient, outpatient, and Part B claims files were used to identify a nationally representative
sample of Medicare beneficiaries aged 65 or older who were diagnosed with DM, NPDR,
and PDR or dry AMD and wet AMD from 1991-2005. The Medicare 5% claims file is a
random sample of beneficiaries taken from the 100% file by selecting beneficiaries with a
05, 20, 45, 70, or 95 in positions 8 and 9 of the Medicare-generated beneficiary
identification number located on its enrollment file. Once a beneficiary is selected for the
5% file s/he remains in the sample until death. Medicare risk plans (HMOs) do not generate
claims, and residents living outside the United States (U.S.) are generally not covered by
Medicare while away from the U.S. We considered transition from fee-for-service to a risk
plan or moving outside the U.S. to be an exit from our analysis sample even if the
beneficiary later returned to fee-for-service or to the U.S., since we had no knowledge of the
care or diagnoses the beneficiary received during the gap periods.

The claims data contained information on diagnosis (International Classification of
Diseases, 91" Revision, Clinical Modification; ICD-9-CM) and procedure codes (Current
Procedural Terminology, CPT-4; Healthcare Common Procedure Coding System, HCPCS)
submitted with each claim and were merged with Medicare denominator files for
information on enrollment dates in fee-for-service Medicare, death, and beneficiary
demographic characteristics. Diagnosis was based on ICD-9-CM codes for the appropriate
disease state (Table 1). Individuals with no DM were identified by exclusion of all diabetes
mellitus codes; individuals with no AMD were identified by exclusion of all AMD codes.

Sample Selection

We constructed a sample of individuals first diagnosed with DM, NPDR, or PDR in 1995.
To ensure these were incident cases of diabetes mellitus or diabetic retinopathy and to
identify other comorbidities, we employed a 4-year look-back period, which necessitated all
individuals to be age 69+ in 1995 in order to have a full look-back. Individuals with a new
diagnosis of PDR required exclusion of any previous PDR code in the look-back;
individuals with a new diagnosis of NPDR required exclusion of any previous NPDR or
PDR diagnosis in the look-back; individuals with a new diagnosis of DM required exclusion
of any previous DM, NPDR, or PDR diagnosis in the look-back period. We also excluded
individuals age 95+ in 1995 and persons who entered a Medicare risk plan (HMO) or lived
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outside of the U.S for 12 months or more during the look-back period. To ensure that AMD
diagnosis occurred after the diagnosis of all diabetes mellitus, we excluded any individual
initially diagnosed with AMD prior to a diabetes mellitus or diabetic retinopathy diagnosis
in 1995. To minimize bias from differences in visits to an eye care provider, we excluded
any individual who had not seen an eye care provider at least once during the look-back and
at least once during both the first and the last five years of the follow-up period.

Sample individuals were followed for the incident diagnosis of dry or wet AMD for 10 years
or until censored. Individuals were censored as of their date of death, the date they joined an
HMO, or the date they moved outside of the U.S. Individuals who enrolled in an HMO or
moved out of the U.S. were censored as of January 1%t of the year in which they reported
enrollment or extended travel outside of the U.S.

Propensity Score Matching

RESULTS

A control group was created consisting of persons never diagnosed with any DM, with the
same exclusion restriction described above. Using propensity score matching, we created a
control sample of equal number to each of the diabetic diagnoses (DM, NPDR, PDR) based
on observable covariates. The matched sample consisted of 16,510 individuals.

Eligible persons with a new diagnosis in 1995 of DM (n = 6,621), of NPDR (n = 1,307), and
of PDR (n = 327) were compared to an equivalent number of controls without DM. For each
group, we performed logit analysis to predict the probability of an individual having DM,
NPDR, or PDR, respectively, considering the control pool in all 3 analyses being persons
never diagnosed with diabetes mellitus. Covariates for the logit analysis were variables for
age, male, black and other non-white race, hypertension (401.xx-405.xx), atherosclerosis
(440.xx), stroke (430.xx—438.xx), coronary heart disease (410.xx—414.xx), hyperlipidemia
(272.0-272.4) and the Charlson index of general health.18

Using the predicted probabilities from the logit analysis, we paired an individual in the DM,
NPDR, or PDR group with the individual’s nearest match in the control group. Matching on
propensity score reduces selection bias between individuals with a diagnosis, in this case
DM, NPDR, and PDR, and those without. We matched treatment to each of the control
groups with nearest neighbor matching. The program, SAS Greedy 5 to 1 digit match macro
(http://www?2.sas.com/proceedings/sugi29/165-29.pdf: Parsons LS. Performing a 1:N Case-
Control Match on Propensity Score (accessed April 9, 2012)19) uses SAS PROC LOGISTIC
and made the best match first by pairing individuals in the treatment and control group on
exact 5 digit matches of their predicted probability of receipt of DM, NPDR, and PDR.
Considering all persons not previously matched, the macro then attempted to match
individuals based on 4 digits of their propensity score, then 3, then 2, and 1. Individuals
unable to be matched on 1 digit were excluded. Standardized differences were calculated for
the matched samples. A standardized difference is the difference in mean values in treated
and control group (probabilities in dichotomous variables) divided by the square root of half
of the sum of the variances in the treated and control groups.2? Cox proportional hazard
analysis controlled for other differences in covariates not captured by the matching process.

Individuals with DM, NPDR, and PDR were matched at baseline to an equivalent number of
‘no DM’ controls by age, gender, race, history of hypertension, atherosclerosis, stroke,
coronary heart disease, hyperlipidemia, and Charlson index (Table 2). All variables were
matched between diabetic/diabetic retinopathy subtypes and controls except for the Charlson
index, which could not be matched to a standard difference <10% for individuals with
NPDR or PDR.
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Persons from all subtypes of diabetes/diabetic retinopathy had increased mean number of
visits to an eye care provider over the 10-year period compared to matched controls (27.08
(DM) versus 26.38 (control), p=0.031; 35.87 (NPDR) versus 25.79 (control), p<0.0001;
42.43 (PDR) versus 27.01 (control), p<0.0001) (Table 3). Additionally, all subtypes of
diabetes/diabetic retinopathy had greater rates of death over the 10-year follow-up compared
to matched controls without DM (38% (DM) versus 30% (control), p<0.0001; 49% (NPDR)
versus 30% (control), p<0.0001; 55% (PDR) versus 28% (control), p<0.0001).

Over 10 years, the risk of dry or wet AMD diagnosis was not significantly different between
persons with a DM diagnosis compared to matched controls without DM (Table 3 and 4).
Persons with NPDR were at significantly higher risk of both dry AMD (35% (NPDR) versus
30% (control), p=0.003; hazard ratio (HR) 1.24 (95% confidence interval (CI): 1.08-1.43))
and wet AMD (9% (NPDR) versus 6% (control), p=0.001; HR 1.68 (95% CI: 1.23-2.31))
compared to persons without diabetes mellitus. Persons with PDR had an equivalent risk of
dry AMD compared to persons without diabetes mellitus. Before controlling for other
variables, individuals with PDR had increased risk of being diagnosed with wet AMD;
however, the difference was not statistically significant (7% (PDR) versus 4% (controls),
p=0.14)(Table 3). After controlling for other variables, including various systemic
comorbidities and the Charlson index, the risk of being diagnosed with wet AMD was
statistically significant (p=0.03), with over 2 times higher risk for persons with a PDR
diagnosis compared to controls without diabetes mellitus (HR 2.15 (95% ClI: 1.07-4.33))
(Table 4). The risk of wet AMD diagnosis was not different in NPDR compared to PDR
persons (p=0.24).

DISCUSSION

Age-related macular degeneration and diabetic retinopathy are among the leading causes of
vision loss in the world.1=* Our analysis of 5% Medicare claims data suggests that diabetic
retinopathy, both nonproliferative and proliferative, may predispose individuals to an
increased risk of AMD, which was not evident among those with diabetes mellitus without
retinal manifestations. Interestingly, NPDR increased risk of both dry and wet AMD
diagnoses while PDR increased risk of a diagnosis of wet AMD only.

Previous studies examining the relationship between DM and AMD have been contradictory
(Table 5). Examination of these studies demonstrates that large population-based cross-
sectional and longitudinal studies, including the Beaver Dam Eye Study, ° the Blue
Mountains Eye Study,® the EUREYE Study,? the Age-Related Eye Disease Study,’ and the
Barbados Eye Disease Study,® suggest an increased risk of AMD with diabetes mellitus.
While these studies did not differentiate between diabetes and diabetic eye disease, our
results, which demonstrate increased risk of AMD with diabetic retinopathy, are in line with
these investigations.

These studies are in contrast to anecdotal clinical observations 1011 and smaller case-
control-type studies 1221 that indicate a lower prevalence of AMD among persons with
diabetes mellitus. Still other reports have not demonstrated an association between AMD
and diabetes mellitus. Some of these investigations were small case-control studies 14-16 or
small prospective cohort studies 17 that may not have been sufficiently powered to detect
any difference. The Framingham Eye Study also did not reveal an association between
AMD and diabetes mellitus, but this study was likely limited by different criteria and/or less
sensitive methods for the detection of AMD than in current practice.13

Our study utilized a large, nationally representative, longitudinal sample of U.S. elderly
individuals to further investigate the relationship between AMD and diabetes/diabetic
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retinopathy. An important strength of our study is the large, nationally representative sample
size, which yielded ample statistical power and allowed us to distinguish between diabetes
mellitus and types of retinopathy, in contrast to previous larger studies which examined
patients broadly classified with diabetes mellitus.>~2 Our results indicate that diabetic
persons without retinopathy are not at significantly higher risk of developing an AMD
diagnosis. It is possible that patients diagnosed with diabetes mellitus who were examined in
these previous ophthalmologic studies, which did not distinguish between patients with and
without retinopathy, were biased towards having retinopathy.

Another strength of this study is the longitudinal tracking of incident AMD over a 10-year
period. Cross-sectional studies examining prevalence of these conditions may be biased by
selective mortality increased in patients with diabetes mellitus and diabetic retinopathy,
which may result in a selectively diminished prevalence of diabetes mellitus and diabetic
retinopathy in the elderly population most affected by AMD. Anecdotal clinical
observations on the low prevalence of neovascular AMD and diabetes mellitus may be
similarly influenced by this phenomenon and by presentation bias given the racial
predilection of diabetes mellitus in African-Americans and of AMD in Caucasians.!

We acknowledge several study limitations. The Medicare database represents information
collected for billing purposes and not for the analysis of clinical investigations. Relevant
conditions may sometimes have been incorrectly coded. The database includes clinically
ambiguous codes, including 362.81 (retinal hemorrhage: preretinal, retinal (deep)
(superficial), subretinal), which may arise secondary to either non-proliferative or
proliferative/neovascular etiologies, and 362.57 (drusen), which is often used to code for
peripheral drusen not diagnostic for macular degeneration. While we did not include these
ambiguous codes in our final analysis, a parallel analysis was performed with inclusion of
these codes (data not shown), resulting in similar results with significantly increased risk of
wet AMD (but not dry AMD) in patients with NPDR and PDR only. The Medicare database
is also limited in its inability to identify which eye has disease. Diabetic retinopathy and
age-related macular degeneration are generally considered to be bilateral conditions, but it is
possible, although unlikely, that the associations observed in this study apply to the same
individual but in different eyes. Alternatively, diagnostic coding does not accurately assess
dietary intake, anti-oxidant supplementation, smoking history, or family history of AMD,
and analysis of the Medicare claims data is therefore unable to match these factors that may
modulate AMD pathogenesis. Moreover, we cannot rule out the possibility that the
associations observed in this study may be a result of differences in follow-up. We
attempted to control for this ascertainment bias by excluding individuals who did not have at
least 1 visit to an eyecare provider in the look-back period, in the first 5 years, and in the last
5 years. While persons with worsening diabetic retinopathy demonstrated increased numbers
of visits to the eyecare provider, the lowest mean number of visits, observed in the control
group, was nearly 26 visits over the study period, which should be sufficient to detect
incident AMD if present. Although there is a single Medicare code for the specialty of
ophthalmology, which cannot distinguish between ophthalmology subspecialists, optical
coherence tomography (OCT) may be considered a surrogate marker for a retinal exam.
OCT was not first coded until 1999 and not standard of clinical practice until well after, but
comparison of number of OCT exams among all groups including the control group (data
not shown) did not reveal any statistically significant differences.

In matching beneficiaries for our longitudinal analysis, the declining general health in the
PDR and NPDR groups made it difficult to find suitable matches in the control group. We
were unable to match Charlson index to a standardized difference < 10% for the NPDR or
PDR groups, which is likely a reflection of the systemically poorer health of persons with
NPDR or PDR. Systemic health is well-associated with AMD, and while it may be possible
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that differences in Charlson index contributed to differences in AMD risk, we were
successful in matching specific variables associated with increased risk for AMD,
specifically age, gender, black and other non-white race, hypertension, atherosclerosis,
stroke, coronary heart disease, and hyperlipidemia. In addition, to further account for these
differences in health in our hazard analysis, we controlled for the Charlson index and, as an
extra caution, all other matched variables in the hazard analysis to better isolate the effect of
diabetes/diabetic retinopathy on the incidence of AMD independent of the Charlson index
and the other matched variables.

The Medicare database is inherently restricted to individuals aged 65+. As a result of our 4-
year look-back period, our study was limited to persons aged 69+ with new onset diabetes
mellitus or diabetic retinopathy at 1995. In the Wisconsin Epidemiologic Study of Diabetic
Retinopathy, the mean age of diagnosis of adult-onset diabetes mellitus was 54.8 years of
age.22 In another study, persons with type 2 diabetes mellitus who were diagnosed before
age 45 were found to have higher prevalence and increased severity of diabetic retinopathy
than those diagnosed at an older age.23 Our study design, necessary to obtain a pure cohort,
analyzes a study population composed of persons who had diabetes mellitus or diabetic
retinopathy later in life. Elderly persons with diabetes mellitus represent a sizeable and
rapidly growing population with high rates of ophthalmic and systemic complications,24:25
and AMD is a disease by definition of older individuals, making the Medicare population in
many ways the most relevant one for this type of inquiry. Nonetheless, it is possible that
these persons may not be representative of the general population of persons with diabetes
mellitus.

Diabetic retinopathy is generally considered to be a disease of the inner retina, in contrast to
the outer retinal involvement in age-related macular degeneration, but there may be features
common to both diseases. Macular retinal pigment epithelium abnormalities and increased
area of drusen have been correlated with increased blood sugar levels and impaired glucose
tolerance.26-28 Carbohydrate-related mechanisms have been implicated in the pathogenesis
of both diseases, including the formation of advanced glycation end products.29:30
Additionally, a higher dietary glycemic index was found to be associated with increased risk
of early and late AMD in non-diabetic subjects3! and with increased risk of AMD
progression in early stages of disease.32 Moreover, both wet AMD and diabetic retinopathy
appear to be vascular endothelial growth factor (VEGF) mediated, and the use of anti-VEGF
pharmaceutical agents has proven useful in the treatment of both diseases. While analysis of
claims data is not designed towards biologic conclusions, these results raise the possibility
that diabetic retinopathy and AMD may share pathogenic features and that improved control
of diabetes may reduce development of AMD. It is interesting that NPDR increased risk of
both dry and wet AMD while PDR increased risk of wet AMD only; this discrepancy may
represent a difference in the biology within the spectrum of these diseases. Further studies
would be needed to test these possibilities.

We designed our 10-year longitudinal analysis to terminate in 2005. While pegaptanib was
FDA-approved for the treatment of AMD in December 2004, the use of anti-VEGF agents
exploded after the initial report of the efficacy of bevacizumab for the treatment of
neovascular AMD in 2005.33:34 |t is unclear if the use of anti-VEGF agents, which appear to
be useful in the treatment of numerous retinal diseases, alters the incidence of retinal
diseases, and we limited our study period to the pre-bevacizumab/pre-ranibizumab era to
minimize these potentially confounding effects. As we obtain long-term information on
patients treated with these agents, it will be interesting to determine if any shifts occur in the
relationship observed in the pre-anti-VEGF era between wet AMD and diabetic retinopathy.
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CONCLUSION

Our results indicate that non-proliferative diabetic retinopathy may increase the risk of both
dry and wet age-related macular degeneration and that proliferative diabetic retinopathy may
increase the risk of wet age-related macular degeneration. Further studies examining this
relationship in patients and investigating common pathogenic mechanisms should be
undertaken to gain a better understanding of these disease processes.
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Summary statement

Using the 5% sample of Medicare claims data, the 10-year incidence of dry and wet
AMD was compared among elderly beneficiaries with newly diagnosed DM without
retinopathy (n=6,621), NPDR (n=1,307), and PDR (n=327) compared with an equivalent
number of matched controls without diabetes for each sample group. A significantly
increased risk of dry and wet AMD was identified with newly diagnosed NPDR; a
significantly increased risk of wet AMD only was identified with newly diagnosed PDR.
Diabetes mellitus without retinopathy did not affect risk of dry or wet AMD.
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