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Abstract
Objective—To determine whether persons in a community setting diagnosed with diabetes who
received recommended patterns of care experience improved vision outcomes over a 3-year time
period.

Design—Retrospective, longitudinal, cohort analysis.

Participants—Persons diagnosed with diabetes mellitus (DM), with no prior diagnosis of
diabetic retinopathy (DR; n = 5989) from the Medicare Current Beneficiary Survey (1992–2004).
Persons diagnosed with DM were followed up to 3 years.

Intervention—Propensity score matching was used to compare vision outcomes between
persons who received guideline-recommended care and those who did not. Receipt of
recommended levels of care was defined as receiving each of the following services 0.75 times
annually on average: physician examination, ophthalmologist or optometrist examination,
hemoglobin A1c level, lipid levels, and urinalysis.

Main Outcome Measures—Outcome measures were indicators of DR disease progression: no
diagnosed DR to diagnosed background DR, proliferative DR, macular edema, proliferative DR
complications, and use of a low-vision aid or blindness.

Results—Persons with diagnosed diabetes receiving guideline-recommended care experienced
earlier onset of background DR (average treatment effects on the treated [ATT] at 3 years, 0.118;
95% confidence interval [CI], −0.005 to 0.240). There were no differences between those
receiving recommended care and others in time to onset of proliferative DR, macular edema, or
proliferative DR complications. However, persons who received care consistent with
recommendations experienced much lower rates of onset of low vision/blindness than did others
(ATT at 3 years, −0.109; 95% CI, −0.189 to −0.030).

Conclusions—Low vision/blindness was substantially reduced over a 3-year period among
persons diagnosed with DM who received recommended levels of care.

Diabetes mellitus (DM) affects >20% of persons aged ≥65 in the United States1 and >6% of
the overall population in developed countries.2 The prevalence of DM is rising throughout
the world.2,3 Diabetic retinopathy (DR), a common complication of diabetes,4 is a leading
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cause of new cases of blindness among working age adults in the United States.5 The Eye
Diseases Prevalence Research Group6 estimates that 40% of adults with DM have
retinopathy and 8% have vision-threatening retinopathy. The impact of DM also has
important health care cost and policy implications. Developing DR increased Medicare
spending by >$1000 per beneficiary in the first year after diagnosis.7 Cost increases have
also been documented with European data.8

Studies have repeatedly indicated that much of this loss can be prevented by adherence to
recommended care patterns, including those released annually by the American Diabetes
Association.9–11 Yet, despite these guidelines, receipt of the recommended care remains
quite low.9–15 As such, significant attention has been devoted to DM management and care
of DM and its complications in recent years in an attempt to improve care patterns. Such
effort has resulted in an improvement in glycemic control as indicated by trends in National
Health and Nutrition Examination Study data and other results.16

With this emphasis and increased attention, it is important to assess whether this effort has
resulted in improved DM outcomes, such as reduced rates of vision loss. In this study, we
report results of the first observational study to analyze how adherence to recommended care
for screening and secondary prevention, including prescription drug use for lipid control and
hypertension, screening measures for glycemic control, blood pressure, lipids, and
urinalysis, general physician visits, and ophthalmologic and optometric visits, has affected
rates of onset of DR and its progression. Using Medicare claims and the Medicare Current
Beneficiary Survey (MCBS), we created a merged database that included detailed
information on diagnoses from Medicare claims and data on several potentially important
socioeconomic variables from the MCBS interviews. The data were first examined to
determine whether or not persons with a DM diagnosis received recommended care. Second,
using propensity score matching, we assessed how rates of DR onset and progression differ
among persons with diagnosed DM who receive recommended levels of care versus those
who do not.

Methods
Data

We used data from the MCBS from 1992 to 2004 merged by a unique identifier with
Medicare claims data and demographic information providing dates of death for each MCBS
participant. The MCBS is a household survey, sponsored by the United States Centers for
Medicare and Medicaid and conducted since 1991, containing questions on demographic
characteristics, income, insurance, health services, health status, and prescription drug use.
A sample page of the MCBS questionnaire can be found in Appendix 1 (available at http://
aaojournal.org). The sample is randomly selected from the population of Medicare
beneficiaries. Data on beneficiaries aged ≥65 years are nationally representative of the US
population of this age. Persons in Medicare fee-for-service and in Medicare risk plans
(health maintenance organizations [HMOs]) are interviewed 3 times annually. The MCBS
uses a rotating panel design replacing one third of the sample annually. Participants are
interviewed for 4 years or until death or withdrawal from the sample. During our study
period (1991–2004) approximately 12 500 Medicare beneficiaries were surveyed each year.
Diagnosis (International Classification of Diseases, 9th Revision Clinical Modification
[ICD-9-CM]) and procedure (Current Procedural Terminology; Healthcare Common
Procedure Coding System) codes were used for identification of diabetes and diabetes eye-
related complications. Institutional Review Board/Ethics Committee approval was obtained.
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Sample Selection
Beneficiaries were included in our sample after 1 inpatient or 2 outpatient diabetes
diagnoses, based on criteria set forth in previous studies, who also had no prior diagnosis
recorded in the Medicare claims data (ICD-9-CM codes in parentheses) of background DR
(BDR: 362.01), proliferative DR (PDR: 362.02), macular edema (362.53, 362.83), any PDR
complication (PDR complication: vitreous hemorrhage [379.23], tractional retinal
detachment [361.81], rubeosis iridis [364.42]), or blindness/low vision (369.xx; Current
Procedural Terminology code 92392; Healthcare Common Procedure Coding System codes
V2600, V2610, V2615). Blindness/low vision was defined as a person with vision loss in 1
or both eyes, or in use of a low vision aid. Individuals were required to have had an eye
examination to ensure that, as of their DM diagnosis date, they did not have any of the study
eye complications. Examinations were required to have taken place within 1 year before the
index DM diagnosis date. If the individual did not have an eye examination in the 1 year
prior, then an eye examination with no DM complication of the eye after the index DM
diagnosis was required for admission into the sample. If the examination occurred after DM
diagnosis, the eye examination date replaced the initial DM diagnosis date as the index
admission date into the sample. Individuals were excluded if enrolled in a Medicare risk
plan (HMO) for >6 months before the DM diagnosis date. Individuals enrolled in an HMO
after the index diagnosis date were immediately censored. After exclusions, our sample
consisted of 5989 persons.

Logit Analysis of the Probability of Receiving Recommended Levels of Care
Using logit analysis (with Stata 10.0; Statacorp, College Station, TX), we calculated the
probability that an individual received recommended care. Explanatory variables used in the
analysis are listed in Table 1. Physicians have an important role in providing recommended
care; however, patients share the responsibility of scheduling and keeping appointments. We
measured receipt of recommended care by utilization in 5 categories of service: physician
examination, ophthalmologist or optometrist examination, hemoglobin A1c test, lipid test,
and urinalysis test beneficiaries received annually during the study period. Data on
utilization of drugs were used to supplement the information of examinations and testing.
Beneficiaries who did not see a physician during a given year but were taking an
antihypertensive drug were assumed to have seen a physician recently and persons not
having a lipid test, but who were taking a statin, were assumed to have had a lipid test
during that year. Binary variables were created for each of the 5 categories. Individuals
receiving 0.75 examinations annually were coded 1. Fewer than 0.75 examinations on
average annually were coded 0. Individuals scoring 1 in all 5 categories were deemed to
have received recommended levels of care. Such persons accounted for just 15% of the
sample, or 903 of the 5989 individuals.

Hypertension was identified by both self report and diagnosis codes (401.xx). Persons were
then coded 0 if no evidence of hypertension existed, 0.5 if an individual had either a self-
report of hypertension or a physician’s diagnosis, and 1 if an individual had both a diagnosis
and a self-report of hypertension. Self-reports were important to use because we had no
claims data before the person entering the sample. Insulin-dependent persons were identified
by ICD-9-CM codes (250.01, 250.03) and from information on insulin drug use obtained by
the MCBS. The variable for insulin dependence was 0 if no evidence of insulin use existed
for the individual, 0.5 if the individual was assigned the relevant ICD-9-CM codes or
reported using insulin drugs to the MCBS, or 1 if the person had both an ICD-9-CM code
for insulin use and reported insulin use to the MCBS.

One concern is that persons who experienced visual impairment may have been more likely
to have visited an ophthalmologist or optometrist or visited such eye care professionals more
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frequently. If eye care visits were endogenous to vision outcomes for this reason, we would
expect a bias toward the null—that is, we would understate the improvement in vision
attributable to following care recommendations. In sensitivity analysis, to account for
endogeneity, we performed the analysis excluding eye care visits as an element of receipt of
recommended care. A drawback of this sensitivity analysis test is that, if having regular eye
care reduces the probability of onset of DR and its complications, excluding eye care visits
from the analysis reduces the estimated effect of vision on following care recommendations.

Propensity Score Matching: A Comparison of Visual Outcomes among Persons with
Diabetes Who Received Recommended Care versus Persons with Diabetes Who Did Not

To compare rates of onset of DR, the development of vision-threatening DR, or actual vision
loss, between persons who received recommended levels of care with those who did not, we
used propensity score analysis. The propensity score is the probability of receiving an
intervention or treatment, conditional on values of the covariates. Matching on propensity
scores reduces treatment selection bias in an observational study.17,18 Using predicted
probabilities that a beneficiary was adherent from the logit analysis described, we used
propensity score matching to pair beneficiaries who received recommended care with the
nearest match of an individual who did not. We sought to match an individual receiving
guideline-recommended care with the closest individual who did not, using propensity score
values based on the individual’s baseline characteristics. Individuals were matched based on
propensity score with a caliper of 0.06, excluding all beneficiaries without a match within
that range. Greedy matching19,20 paired beneficiaries who received recommended care
based on propensity score to the first beneficiary who did not satisfying the matching
conditions. Matching was performed without replacement; thus, all observations could only
be matched once.

We successfully matched 849 pairs in the initial 2-month analysis. Owing to sample attrition
caused by beneficiaries rotating out of the MCBS, we matched 119 pairs in the 3-year
analysis. We then compared differences in complication rates of BDR, PDR, macular
edema, PDR complications, and low vision/blindness between matched subjects by
calculating average treatment effects on the treated (ATT) for time periods 2, 3, and 6
months, and 1, 2, and 3 years. We also report the number of individuals diagnosed with
study complications in each of the time periods listed.

Results
Population Receiving Recommended Levels of Care

The logit analysis revealed that beneficiaries who received recommended levels of care
tended to be younger than those who did not (odds ratio [OR], 0.97; 95% confidence interval
[CI], 0.96–0.99; Table 1). They were also more likely to have a higher household income
(OR, 1.07; 95% CI, 1.03–1.11). An increase in household income of $10,000 would increase
the likelihood a beneficiary received guideline-recommended care by 7%. Prior diagnosis of
glaucoma (OR, 1.28; 95% CI, 1.07–1.53) and lipidemia (OR, 1.63; 95% CI, 1.38–1.94),
insulin dependence (OR, 2.00; 95% CI, 1.36–2.93), and BMI >30 (OR, 1.22; 95% CI, 1.03–
1.44) were also associated with higher probabilities of receiving recommended levels of
care. However, race/ethnicity, gender, marital status, educational attainment, and
supplemental insurance were not significantly associated with receipt of recommended care.

Before propensity score matching, persons who received recommended care differed from
others on several variables (Table 2). The sample receiving recommended care was more
likely to be married, younger, better educated, have higher household income, supplemental
insurance, been diagnosed with a prior cataract, or lipidemia, or have a BMI >30 than those
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not receiving recommended care. Additionally, beneficiaries who received recommended
levels of care were less likely to be a Medicaid recipient or have fair or poor health than
those who did not. After propensity score matching, there were no standardized differences
>10%, making the sample well balanced.20,21

Retinopathy Outcomes
After propensity score matching, persons receiving recommended care with no prior study
eye complications were more likely to develop BDR than were persons who did not (Table
3). This ATT ranged from 0.012 at 2 months (95% CI, 0.001–0.023) to 0.118 at 3 years
(95% CI, −0.005 to 0.240). These results were statistically significant in all periods except at
3 years.

However, and more important, for persons receiving recommended levels of care, the
likelihood of developing vision loss or using a visual aid was reduced by 0.005 at 6 months
(95% CI, −0.012 to 0.002) and 0.109 at 3 years (95% CI, −0.189 to −0.030) compared with
others. This effect was statistically significant for the 1-, 2-, and 3-year periods. Results for
PDR, macular edema, and PDR complications were not statistically significant during any of
the study periods (Table 4; available online at http://aaojournal.org).

Excluding eye examinations from the measure of recommended levels of care had very little
effect on the ATT for BDR, PDR, or macular edema (Tables 3 and 4). However, omitting
eye examinations from the analysis decreased the reduction in the probability of PDR
complications, and low vision or blindness, lowering the reduction in low vision or
blindness to 0.040 at year 3 (95% CI, −0.109 to 0.029).

Overall, costs for diagnostic examinations and physician visits were higher for the group
receiving recommended levels of care during the study period ($7465 vs $5399; P < 0.001).
This implies that any reduction in cost from reduced or deferred rates of eye complications
did not fully offset the added cost of screening, at least over the time span captured by our
data.

Discussion
Medicare beneficiaries who received recommended care were more likely to be diagnosed
with BDR than were others. However, beneficiaries receiving guideline-recommended care
levels were no more likely to develop PDR, macular edema, or PDR complications. Most
important, beneficiaries whose care more closely followed recommended care patterns were
significantly less likely to develop low vision or blindness over a 3-year period than were
beneficiaries not receiving recommended care who had been diagnosed with DM. Removing
eye examinations from the measure of receiving recommended care reduced the reductions
in PDR complications and low vision or blindness, but the benefit of reduced vision loss was
still present.

The increase in BDR within the first 3 years is to be expected; beneficiaries receiving
recommended care levels visited ophthalmologists and optometrists more frequently,
providing more opportunity to diagnose the disease. Furthermore, this result comports with
the findings of the Diabetes Control and Complications Trial,22 in which the benefits of
treatment appear after 3 years of intensive therapy compared with conventional therapy, and
intensive therapy is associated with a higher rate of development of retinopathy within the
first 3 years. As such, an important finding is that within a short study period of 3 years with
the MCBS and controlling for other major causes of low vision and blindness such as age-
related macular degeneration, glaucoma, and cataract/cataract surgery, there was a higher
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incidence of vision loss among individuals not receiving recommended levels of care
compared with their counterparts who did.

Our study contributes to the literature by using longitudinal data from a representative
sample of elderly persons in the United States to track the effects of receipt of guideline-
recommended levels of care on rates of DR complications. The MCBS data permitted
consideration of demographic, socioeconomic, and supplemental insurance variables in the
logit analysis of correlates of receipt of recommended care and for matching beneficiaries on
the basis of receipt of recommended care, as well as providing prescription drug data on
antihypertensive and statin drugs used for measuring receipt of care.

Previous studies of adherence were conducted with data from randomized controlled trials
focusing on only 1 or 2 elements of recommended care. Or, if observational data were used,
the focus was on 1 geographic location, with much smaller sample sizes than used in our
analysis. Only 2 previous studies used measures of receipt of care similar to ours,14,23 but
neither performed outcome-based analyses.

McGlynn et al,14 using survey data combined with medical records, studied diabetes using
13 indicators of care. They reported diabetics received 45% of recommended care. Using
our definition and sample, we found that only 15% of Medicare beneficiaries who had been
diagnosed with DM received recommended care as we measured it. This difference can be
explained by our differing methodologies. The McGlynn study reported the percent of care
received by all persons diagnosed with DM. For example, if a person received 5 of 13 types
of care, the person was considered to have received 38% of recommended care, whereas in
our study the person would not be deemed to have received recommended levels of care
unless all measures of recommended care were received annually.

In a study conducted at ophthalmic clinics in Australia,23 researchers reported 80% of
persons with diagnosed DR did not adhere to guidelines for glycemic and blood pressure
control, despite government-funded and freely accessible health care. That study obtained a
similar rate of nonreceipt of recommended care to our study, although it included just 2
measures of adherence. Insurance coverage is a significant predictor of receiving eye care24;
however, we found that in a population of Medicare beneficiaries, supplemental insurance
did not affect rates of receipt of guideline-recommended care. Also, more important, all
beneficiaries in our sample had at least basic insurance coverage, yet >80% of insured
persons still failed to receive levels of care recommended by the guidelines.

Martin et al25 studied adherence to guidelines in Oakland, California, in a predominantly
African-American population. However, their sample consisted of only 378 persons.
Although complication rates were presented in their study, their study did not explore the
association between adherence and complication rates. Furthermore, it is unclear whether
these complications were newly recorded or if they had been present for many years. Similar
to McGlynn et al,23 the authors measured receipt of recommended care on a scale from 1 to
8, rather than reporting how many persons adhered to all guidelines, making a comparison
with our results difficult.

Persons receiving recommended levels of care were more likely to have higher income, BMI
>30, prior diagnoses of lipidemia and glaucoma, and insulin-dependent DM. After matching,
we found that persons who received recommended care were less likely to suffer severe
vision loss. An inference is that those who may regard themselves as more vulnerable to
diabetes and its complications were more likely to seek recommended care and/or their
physicians were more likely to provide it. This implication is subject to the limitation that
our data are observational.
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Although associated with quicker and higher incidence rates of BDR in our study,
beneficiaries receiving recommended care levels with DM experienced better long-term
vision outcomes, in particular with regard to rates of low vision and blindness, which were
substantial even in this study’s short follow-up period (maximum of 3 years). This is
consistent with the Early Treatment Diabetic Retinopathy Study,26 which reported lower
rates of vision loss for persons undergoing early photocoagulation treatment for DR, despite
differences in study composition.

Improved outcomes from persons diagnosed with BDR earlier in the progression of the
complication raise the question of whether more aggressive initial screening for DM and DR
is necessary. Previous researchers have questioned the effectiveness of current screening
protocols for diabetes27 because nearly one third of all cases of diabetes are undiagnosed.11

In another study, Singer et al28 called for more accurate initial screening for DR owing to
lack of sensitivity of ophthalmoscopic examinations. The earlier diagnosis of DR in
individuals previously diagnosed with diabetes may encourage beneficiaries to seek regular
treatment and better manage the disease,14,28–30 which ultimately may reduce the risk of
blindness associated with DR.

Better diabetes management, including stricter adherence by patients and doctors to best
practice guidelines, could have an enormous protective impact on cases of vision loss caused
by DR. More stringent testing would raise Medicare costs short-term for both beneficiaries
and the Medicare program, but may pay dividends long-term both in medical costs incurred
owing to the progression of DR, as well as improved quality of life value.7,8,30–32 We
calculated costs per beneficiary of physician visits and receiving diagnostic examinations,
after propensity score matching, to be $7465 for individuals who received recommended
care and $5399 for those who did not. However, our data are limited to up to a 3-year time
interval. It is possible the offsets are greater over the longer term. Furthermore, offsets to the
Medicare program fall short of total societal cost.

We acknowledge several limitations. First, we only used survey and claims data. We did not
access data from medical records. However, the measures of receipt of recommended care
we used, while lacking specific chart data such as hemoglobin A1c values, are an acceptable
proxy to whether or not a person is effectively managing their diabetes.

Second, claims data are designed for administrative use. Claims data, although highly
specific, lack sensitivity and often fail to identify all persons with the outcome of
interest.33,34 However, by requiring that beneficiaries receive a visit to an ophthalmologist
or optometrist to be entered into our sample, we have reduced the likelihood of unreported
study outcomes.

Third, MCBS is a short-term survey that rotates members out after 4 years. This is a
relatively short period of time to study retinopathy; the risk of developing retinopathy is
associated with the duration of diabetes.28,29 However, the vast majority of Medicare
beneficiaries have type 2 diabetes; thus, it is much more common for DR to be present at
diagnosis or develop soon after DM diagnosis than in type 1 diabetes, because diabetes may
have been present for many years before the initial diagnosis.1,29 Because individuals may
have had DM and received recommended care before entry into the MCBS, it is likely a
pattern of recommended care received in years before the study period accounts, at least
partly, for the benefits in reduced rates of low vision or blindness demonstrated during our
study period. Furthermore, owing to the censoring of individuals leaving the sample, dying,
or joining HMOs, by year 3 of our analysis, the sample size was appreciably reduced,
causing inadequate matches for 4 variables in the 3-year analysis. All matches were within
10% in analyses for time periods shorter than this.
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Fourth, our sensitivity analysis, which eliminated eye examinations from the measure of
receipt of recommended care, did not yield results as strong as those from the original
analysis, especially in terms of low vision or blindness. Persons with specific symptoms or
failing eyes may be more prone to seeing an ophthalmologist or optometrist. Therefore, it is
not surprising that excluding eye examinations as a criterion from receipt of recommended
care led to a reduction in the magnitude of the association between the receipt of guideline-
recommended care and rates of low vision or blindness.

In summary, improved diabetes care has a protective effect on long-term vision loss, despite
being well below recommended levels. With rates of DR climbing over the past decades,35

and the clear benefit of following best care recommendations demonstrated by this study,
the need for improved rates of receipt of recommended care is more important than ever. To
increase rates of receipt of recommended levels of care will require a multipronged strategy,
including programs that stress the importance of these examinations and provide reminders
to physicians to order all the recommended testing. Furthermore, patient education DM
control programs would also increase rates of receipt of best care and lead to better
outcomes. In some cases, it may be advisable for ophthalmologists to make referral
appointments to facilitate receipt of recommended care.
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Table 1

Results of Logit Analysis of Adherence to Recommended Care

Odds Ratio 95% Confidence Interval

Male 0.93 0.78–1.10

African American 1.10 0.86–1.41

Other race/ethnicity 1.01 0.70–1.46

Marital status 1.19 0.99–1.42

Age 0.97* 0.96–0.99

Educational attainment years 1.02 0.99–1.04

Income ($10 000s) 1.07* 1.03–1.11

Supplemental private insurance 1.14 0.88–1.49

Medicaid 1.03 0.75–1.42

Fair or poor health 0.90 0.76–1.06

Insulin dependent 2.00* 1.36–2.93

Prior cataract 1.28* 1.07–1.53

Prior cataract surgery 1.13 0.91–1.40

Prior glaucoma 1.19 0.99–1.42

Prior age-related macular degeneration 0.95 0.76–1.18

Hypertension 0.84 0.68–1.04

Lipidemia 1.63* 1.38–1.94

Body mass index > 30 1.22* 1.03–1.44

Observations (n) 5989

*
P < 0.05.
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