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Abstract

Background—Major (above-knee or below-knee) amputation is a complication of diabetes and
is seen more common among black and Hispanic patients. While amputation rates have declined
for patients with diabetes in the last decade, it remains unknown if these improvements have
equitably extended across racial groups and if measures of diabetic care, such as hemoglobin Alc
testing, are associated with these improvements. We set out to characterize secular changes in
amputation rates among black, Hispanic, and white patients, and to determine associations
between hemoglobin Alc testing and amputation risk.

Methods—We identified 11,942,840 Medicare patients (55% female) with diabetes over the age
of 65 years between 2002 and 2012 and followed them for a mean of 6.6 years. Of these, 86%
were white, 11.5% were black, and 2.5% were Hispanic. We recorded the occurrence of major
amputation and hemoglobin Alc testing during this time period and studied secular changes in
amputation rate by race (black, Hispanic, and white). Finally, we examined associations between
amputation risk and hemoglobin Alc testing. We measured both the presence of any testing and
testing consistency using 3 categories: poor consistency (hemoglobin Alc testing in 0-50% of
years), medium consistency (testing in 50-90% of years), and high consistency (testing in >90%
of the years in the cohort).

Results—Between 2002 and 2012, the average major lower-extremity amputation rate in diabetic
Medicare patients was 1.78 per 1,000 per year for black patients, 1.15 per 1,000 per year for
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Hispanic patients, and 0.56 per 1,000 per year for white patients (£ < 0.001). Over the study
period, the incidence of major amputation in Medicare patients with diabetes declined by 54%,
from 1.15 per 1,000 in 2002 to 0.53 per 1,000 in 2012 (rate ratio = 0.53, 95% CI = 0.51-0.54). The
reduction in amputation rate was similar across racial groups: 52% for black patients, 61% for
Hispanic patients, and 55% for white patients. In multivariable analysis adjusting for patient
characteristics, including race, any use of hemoglobin Alc testing was associated with a 15%
decline in amputation risk (hazard ratio, 0.85; 95% ClI, 0.83-0.87; £< 0.001). High consistency
hemoglobin Alc testing was associated with a 39% decline in amputation (hazard ratio, 0.61; 95%
Cl, 0.59-0.62; £<0.0001).

Conclusions—Although more frequent among racial minorities, major lower-extremity
amputation rates have declined similarly across black, Hispanic, and white patients over the last
decade. Hemoglobin Alc testing, particularly the consistency of testing over time, may be an
effective component metric of longitudinal quality measures toward limiting amputation in all
races.

INTRODUCTION

Amputation rates have declined by more than 50% among patients with diabetes in the last
decade.=3 Investigators at the Centers for Disease Control (CDC) hypothesize that this
decline is a result of changes in health care delivery for patients with diabetes. They cited
examples such as better acute clinical care, better health promotion and awareness, and
improvements in the health care system itself.#=% They argue that the procedural aspects of
diabetic care—especially broader use of hemoglobin Alc testing and other preventive
measures have been responsible for the declines in amputation rate for patients with
diabetes.”-9

While a decline in amputation among patients with diabetes is certainly welcome news,
certain aspects of this improvement deserve closer consideration. First, black and Hispanic
patients have historically had much higher risks of amputation than white patients, nearly 4-
fold higher in many reports.10-11 |t is unclear if the decline in amputations described in the
CDC'’s report has equitably extended across racial and ethnic groups. Better understanding
of this question is important because if the decline in amputation has occurred primarily in
white patients, these improvements could potentially worsen this disparity.12 This
circumstance is certainly plausible, given that black and Hispanic patients often have poorer
access to the same preventive health measures, such as hemoglobin Alc testing, credited
with improving amputation risk.13

The purpose of this project is to better understand relationships between amputation rates,
race, and the utilization of preventive measures in patients with diabetes. To accomplish this
goal, we examined trends in amputation and hemoglobin Alc testing across 3 racial groups
—black, Hispanic, and white patients—using Medicare claims between 2002 and 2012. We
hypothesized that a clearer understanding of the declines in amputation by race would help
better inform future health policy directed at preventing amputation among Medicare
patients with diabetes.
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METHODS

Analytic Overview

We created a cohort of Medicare patients with diabetes between 2002 and 2012. For each of
these years, we used the current year and up to 3 years of preexisting Medicare claims for
each patient to assess for the occurrence of a major (above-knee or below-knee) leg
amputation. We recorded only the first amputation per patient during this time interval. We
defined this 3-year antecedent period because Medicare claims were available for 3 years
before the start of our study interval (2001, 2000, and 1999), and we wished to make
consistent the duration of time each patient was “at risk” for amputation.

Within this cohort, we identified not only patient-level claims indicating major amputation
(above-knee or below-knee) but also patient-level claims indicating the use of hemoglobin
Alc testing. We stratified our main outcome measure—number of amputations per 1,000
Medicare patients—by race, and adjusted for patient demographic factors, regional health
characteristics, and then performed a propensity-weighted analysis.

Cohort Creation and Stratification by Race

We utilized the Medicare Physician and Supplier file and the Medicare Denominator file
between 2002 and 2012 to identify all patients with diagnosis codes indicating the presence
of diabetes during that time period. Patients who appeared in the cohort across multiple
years were required to have a diagnosis codes for diabetes in 2 of 3 consecutive years. We
excluded patients less than 65 years of age, greater than 99 years of age, and those not
enrolled in fee-for-service Medicare plans. Further information was obtained using the
denominator file, which contains information about Medicare and Medicaid eligibility, as
well as information about age, sex, and race. We recorded patient zip code and the hospital
referral region of residence, as described by the Dart-mouth Atlas of Health Care.14

While Medicare claims allow designation of more than 5 racial groups; for clarity in these
analyses, we performed comparisons across groups where disparities are commonly
encountered when studying risks for amputation—nblack, Hispanic, and white patients.
Patients categorized as white included patients designated as Asian, Native American, and
those designated in Medicare claims as “other”. Traditionally, the term “Hispanic” refers to
an ethnicity instead of a race. However, in the Medicare data set, only one variable exists for
race and/or ethnicity and Hispanic is one of its classifications. Therefore, in our analysis, the
term “Hispanic” was analyzed as a race variable just like black and white.

Hemoglobin Alc Testing and Testing Consistency

We analyzed this diabetic patient cohort for claim-based evidence of hemoglobin Alc
testing in 2 ways. First, we examined whether the patients had ever undergone hemoglobin
Alc testing by means of the Current Procedural Terminology code available for this
laboratory test (Appendix 1). Second, due to the recommendation that patients with diabetes
undergo hemoglobin Alc testing annually,1° we analyzed how consistent hemoglobin Alc
testing was in patients at risk for amputation from diabetes. We determined testing
consistency by measuring the number of years an individual patient received testing
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compared with the number of years that they were present in our cohort. While these
analyses were done in a continuous fashion, we created terciles of testing consistency for
presentation, using patients who were present in our cohort for at least 3 years. These
categories were: low consistency (testing in 0-50% of years in our analysis), medium
consistency (testing in 50-90% of the years in our analysis), and high consistency (testing in
>90% of the years in our analysis).

Main Outcome Measure: Lower-Extremity Amputation

We recorded the occurrence of each major amputation at the patient level using Current
Procedural Terminology codes indicative of above-knee or below-knee amputation
(Appendix 1). We excluded toe and forefoot amputations. While toe and forefoot
amputations have important clinical consequence, the disability incurred by an above-knee
or below-knee amputation is of much greater clinical consequence to patients, and therefore,
we focused on these events in this analysis. In sensitivity analyses, our results remained
similar when we included toe or forefoot amputations in our analysis. We excluded
traumatic amputations.

Statistical Analyses

We began by examining the annual rate of amputation among Medicare patients with
diabetes between 2002 and 2012. We stratified these results by race and examined
differences in amputation over time using a nonparametric test of trend. Next, we examined
the annual proportion of Medicare patients who received hemoglobin Alc testing each year
and measured the overall consistency of testing and its relationship to amputation rate.

Crude results were examined across our 3 racial categories and over time. Amputation-free
survival was defined as time from enrollment in the cohort to the occurrence of a censoring
event (either death or major amputation). We created Cox survival models to understand
associations between the risk of amputation, race, and hemoglobin Alc testing. These
models were adjusted for patient demographics, such as age, disability status, Medicaid
benefits, as well as comorbidities as indicated by the Charlson score and its components. We
also adjusted for regional health characteristics, smoking status, obesity, intensity of vascular
care, and the use of invasive diagnostic or therapeutic lower-extremity vascular procedures.
Given prior studies that reveal an association between the use of vascular care and
amputation for patients with peripheral arterial disease, nearly half of whom had diabetes,
we examined the use of vascular procedures—both diagnostic and therapeutic, endovascular
and open surgical procedures—for patients in our study cohort.16:17 Both inpatient and
outpatient vascular procedures were considered.

We used inverse propensity weighting to adjust these models for the propensity for patients
to receive hemoglobin Alc testing (Appendix 2). These models were used to compare the
risks of amputation among 2 distinct ways. In the first group of models, we studied
hemoglobin Alc testing in a binary fashion (patients who did and did not receive
hemoglobin Alc testing at any one point in time during the study interval). In the second
group of models, we studied the consistency of hemoglobin Alc testing, using 3 categories
of testing consistency defined as low, moderate, and high.
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All analyses were performed using SAS and STATA (College Station, TX). The Geisel
School of Medicine’s Center for the Protection of Human Subjects granted institutional
review board exemption for our study. Patient consent was not required as this was
deidentified claims data.

Demographics

Between 2002 and 2012, we identified 11,942,840 individual patients with diabetes, who
were followed for a mean of 6.6 years within our cohort. Patients were a mean of 76 years of
age; 12% were African-American, 2% were Hispanic, and the remaining 86% were white.
No clinically significant changes occurred in demographic characteristics over time (Table
I). The rates of most comorbidities, such as congestive heart failure, dementia, and
cerebrovascular disease, also changed little during the study period, although the proportion
of patients receiving disability benefits at the time of entry into the cohort increased by 21%.
The proportion of patients with chronic renal insufficiency also increased, from 6% of the
population in 2002 to 17% of the population by 2012. Regarding objective health
characteristics, the proportion of patients in the cohort with a body mass index greater than
30 (29%) or were actively smoking (20%) did not change from 2002 to 2012.

Amputation Rate

The incidence of major amputation in Medicare patients with diabetes declined by 54%
during the study period, from 1.15 per 1,000 per year in 2002 to 0.53 per 1,000 per year in
2012 (rate ratio = 0.53, 95% CI = 0.51-0.54, £< 0.001). Averaged over the study period,
major amputation was more common among black (1.78 per 1,000 per year) and Hispanic
(1.15 per 1,000 per year) patients while the lowest in white patients (0.56 per 1,000 per
year). The absolute change in amputation rates was more pronounced among black patients
as seen in Figure 1. However, the rate of decline of major amputation, that is the relative
change in amputation rates, was similar for each racial group: 52% for black patients, 61%
for Hispanic patients, and 55% for white patients, all from 2002 to 2012.

Use of Hemoglobin Alc Testing and Relationship with Amputation

The use of annual hemoglobin Alc testing increased in the cohort during the study period
from 78% in 2002 to 81% in 2012 (Table I). Hemoglobin Alc testing increased similarly
across racial groups rising from 73% to 81% for African American patients, from 71% to
82% for Hispanic patients, and from 81% to 87% for white patients during the study period.
All these increases in hemoglobin Alc testing were statistically significant (< 0.001).

We compared amputation rates between those patients who received hemoglobin Alc testing
and those who did not receive hemoglobin Alc testing over time. We found that patients
who received testing had slightly lower amputation rates, 1.11 amputations per 1,000
patients per year compared with 1.45 amputations per 1,000 patients per year (P=.01). This
effect was consistent over the study period. In subanalysis by race, a similar trend of lower
amputations remained among the white, black, and Hispanic patients who received
hemoglobin Alc testing (Fig. 2). Furthermore, the rate of decline of amputations was similar
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for patients who did and did not have hemoglobin Alc testing across all 3 race categories. In
multivariable cox regression models adjusting for patient characteristics, including race, we
found that hemoglobin Alc testing at any point during the study period was associated with
a 15% decline in amputation risk (hazard ratio, 0.85; 95% CI, 0.83-0.87; A= 0.001;
Appendix 2).

Consistency of Hemoglobin Alc Testing and Relationship with Amputation

When we examined relationships between the consistency of hemoglobin Alc testing and
race, we found that black and Hispanic patients most commonly received low-quality
testing, and white patients were most likely to receive the high consistency testing (Fig. 3).
For example, 17% of black patients, 16% of Hispanic patients, and 12% of white patients
received low consistency hemoglobin Alc testing. Conversely, while 52% of white patients
received high consistency testing, fewer than half of black and Hispanic patients (46% and
43%, respectively) received this quality of diabetic care.

Testing consistency was directly related to amputation for all racial groups (Fig. 4). Across
racial categories, there was an inverse relationship between testing consistency and
amputation rate. While the absolute rate of amputation was the highest in black and Hispanic
patients, within racial groups the lowest amputation rates were seen in patients who received
the most consistent testing. In multivariable analysis adjusting for patient characteristics,
including race, high consistency testing was associated with a 39% decline in amputation
(hazard ratio, 0.61; 95% CI, 0.59-0.62; £< 0.0001) when compared with low consistency
testing (Appendix 2).

DISCUSSION

Leg amputation is a devastating complication for patients with diabetes,! and this event often
limits an elderly patient’s ability to ambulate and live independently.18 Furthermore,
amputation typically occurs among the most disadvantaged patients with the poorest access
to care, especially African American and Hispanic patients.19 Our analysis offers 2
encouraging findings for patients with diabetes at risk for amputation. First, amputation rates
have fallen by more than 50% in recent years, and these improvements have extended
essentially equally across racial groups. Second, our results begin to explain the processes of
care associated with fewer amputations. Hemoglobin Alc testing—especially when
provided consistently over time—appears to be associated with a lower chance of limb loss
for diabetic patients, and this benefit appears to extend to patients in all racial groups.

Amputation is a complication of diabetes that has long been tied to racial disparities in care,
and several reports have described racial disparities in amputation risk.2->10-12.19 Bjack and
Hispanic patients, especially those in rural and impoverished regions, commonly have the
highest risks of amputation. The extent of this disparity in amputation risk has been reported
to be as high as 10-fold.2% A combination of patient, structural, and ecologic factors have
been cited—persistent hypertension and obesity,?! poor care delivery in remote settings, 2
and poor engagement in health care systems.23-25 Moreover, these risk factors often are seen
in care settings wherein patients at the highest risk for amputation are often those least likely
to receive preventive care.3 While medical reports and lay media have recognized this
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problem for several years, solutions that would specifically limit amputation have been
difficult to identify.

However, as overall care for patients with diabetes has improved in recent years, and these
improvements have included a decline in amputation. In absolute terms, amputation rates for
white, Hispanic, and black Medicare patients are now less than half of what they were a
decade ago, and these declines occurred equally across all racial groups. Endovascular
procedure rates have dramatically risen during the similar time frame? and could be
associated with the drop in amputation rates; however, the delineation of why amputation
rates are declining is beyond the scope of this work. Rather, while the reduction in
amputation rates is laudable, it should not outweigh the fact that disparities in amputation
risk still remain. While amputation risk is lower overall, the rate of limb loss from diabetes
remains the highest among minority patients, more than twice as high in black patients, and
nearly twice as high in Hispanic patients. Strategies to reduce the risk of amputation among
minority patients with diabetes remain necessary, and new approaches will be necessary to
meet these challenges.

Our findings suggest where strategies toward limiting amputation could focus next. The
consistent application of an inexpensive, routine process of diabetic care—hemoglobin Alc
testing—was associated with a lower rate of amputation, and this benefit extended equally to
patients, irrespective of race. This suggests that initiatives focused on improving the
consistency of hemoglobin Alc testing could offer potential benefits, especially if these
initiatives were focused on high-risk populations.

Current measures of quality for providers who care for patients with diabetes could be
revised to help to advance toward this goal. At present, the longitudinal nature of
hemoglobin Alc testing is not incorporated into quality metrics, and only annual rates are
reported in most settings.1526:27 Qur findings suggest that new metrics for diabetic care
should consider not only quality in the short term but also the long-term effectiveness of care
for this chronic disease. The direct association between higher testing consistency and lower
amputation rates—an outcome of significant importance to patients—makes this an
important opportunity. While the longitudinal nature of a “consistency in hemoglobin Alc
testing” metric may be difficult to collect, new information technology will likely make
longitudinal quality measures easier to design and measure in the future. Policy implications
aside that there would be obvious benefits in the clarity offered to patients by this initiative.
Information such as “partnering with your health care team for consistent hemoglobin Alc
testing will lower that chance you will lose your leg to diabetes by more than half” has
obvious clarity and impact. This may help patients and physicians achieve better adherence
and health care engagement in the treatment of this challenging chronic disease.

Our study has several limitations. First, testing the value of testing—especially in a
longitudinal sense—uwill require not just evidence that hemoglobin Alc testing has been
performed but the actual testing results. Current efforts in the High Value Health
CollaborativeZ® aim to use “enriched” claim-based data sets that have the actual values
rather than just the use of testing for just this purpose and will provide useful insights on the
feasibility of this goal. Second, the main “preventive measure” that we studied was
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hemoglobin Alc testing. While our study adjusts for many medical and surgical aspects of
care, we readily recognize that vascular, podiatric and wound care, lipid testing and statin
therapy, blood pressure control, and the management of obesity is all other preventive
measures that need optimal approaches to ensure the best results. Hemoglobin Alc testing
may simply represent a proxy for access to these services, and future efforts to better
understand the role of preventive measures in limiting amputation certainly are necessary.
Third, secular changes in the manner by which comorbidities are reported may have changed
in recent years and would influence risk adjustment over time. However, the manner in
which these changes have occurred are not likely to differ by race and would seem unlikely
to explain a 50% absolute decline in amputation risk. At last, the potential for data entry
error in claims databases, such as the Medicare data set, is inherent in such an analysis,
however, should be offset by the large number of patients studied.

CONCLUSIONS

In summary, amputation rates have fallen by more than 50% for patients with diabetes in
recent years, and these improvements have occurred evenly among racial groups at the
highest risk for limb loss. Furthermore, lower amputation risk was associated with consistent
hemoglobin Alc monitoring over time for white, black, and Hispanic patients. Future efforts
to limit amputation across diabetics of all race strata should consider quality metrics that
incentivize longitudinal approaches in ensuring high-quality diabetic care.
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