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Abstract
Aims—The purpose of this study was to identify the presence or absence of geographic variation
in Medicare spending and mortality rates for diabetic patients with foot ulcers (DFU) and lower
extremity amputations (LEA).

Methods—Diabetic beneficiaries with foot ulcers (n=682,887) and lower extremity amputations
(n= 151,752) were enrolled in Medicare Parts A and B during the calendar year 2007. We used
ordinary least squares (OLS) regression to explain geographic variation in per capita Medicare
spending and one-year mortality rates.

Results—Health care spending and mortality rates varied considerably across the nation for our
two patient cohorts. However, higher spending was not associated with a statistically significant
reduction in one-year patient mortality (P=.12 for DFU, P=.20 for LEA). Macrovascular
complications for amputees were more common in parts of the country with higher mortality rates
(P<.001), but this association was not observed for our foot ulcer cohort (P=.12). In contrast,
macrovascular complications were associated with increased per capita spending for beneficiaries
with foot ulcers (P=.01). Rates of hospital admission were also associated with higher per capita
spending and increased mortality rates for individuals with foot ulcers (P<.001 for health spending
and mortality) and lower extremity amputations (P<.001 for health spending, P=.01 for mortality).

Conclusion—Geographic variation in Medicare spending and mortality rates for diabetic
patients with foot ulcers and amputations is associated with regional differences in the utilization
of inpatient services and the prevalence of macrovascular complications.
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1. Introduction
The number of Medicare patients with diabetes is expected to nearly double over the next
twenty years as a result of obesity trends and an aging population (Harris, Flegal, Cowie, et
al., 1998;Helmrich, Ragland, Leung, & Paffenbarger, 1991;Kannel, Gordon, & Castelli,
1979;Lee, Choi, Birkenfeld, et al., 2010;National Diabetes Statistics, 2011;Sloan, Bethel,
Ruiz, Shea, & Feinglos, 2008;Wang, McPherson, Marsh, Gortmaker, & Brown, 2011;Wild,
Roglic, Green, Sicree, & King, 2004;Wilson, McGee, & Kannel, 1981;Zimmet, Alberti, &
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Shaw, 2001). Future growth in disease prevalence will act as a catalyst for rising health care
costs, for which diabetes and its complications currently account for 1 out of every 10 health
care dollars spent in the United States annually (American Diabetes Association, 2008).

Currently, the medical management of diabetes varies considerably across the country with
certain regions favoring one drug class over another (Sargen, Hoffstad, Wiebe, & Margolis,
2012). Additionally, Medicare reimbursements for diabetic patients also exhibit marked
geographic variation. Despite these regional differences in diabetes management and
Medicare spending, it is unknown if higher per capita spending results in improved patient
survival.

Diabetic patients with foot ulcers and lower extremity amputations are particularly
expensive to treat. Beneficiaries with chronic wounds account for 10% of the entire diabetic
Medicare population and are responsible for a fourfold increase in annual per capita health
care expenditures compared to diabetic patients without these complications (Margolis et al.,
2011b). In this study, our primary objective was to determine if there is geographic variation
in Medicare spending and mortality rates for diabetic patients with foot ulcers and lower
extremity amputations and to evaluate if higher per capita spending regions are associated
with improved patient survival. We also perform linear regression analysis to determine the
effect that disease severity (rates of macrovascular and microvascular complications) and the
utilization of inpatient and outpatient services (hospital admission rates and outpatient visits)
have on per capita expenditures and mortality rates within a geographic region. These
associations represent potential targets for clinical and health policy interventions that can
reduce healthcare costs and improve patient outcomes.

2. Methods
2.1. Study population

Our study population included all patients enrolled in Medicare Parts A and B for the
calendar year 2007 (n=8.4 million). For this study, beneficiaries were considered alive up to
and including the month of their death. Enrollment was determined using the Medicare
Enrollment Database. Individuals were determined to have diabetes if they had two or more
ICD-9 (International Classification of Diseases, 9th Revision) codes or one ICD-9 inpatient
claim consistent with such a diagnosis, a method similar to that used by the Centers for
Disease Control and Prevention for the study of large administrative datasets ( Margolis,
Hoffstad, et al., 2011). Diabetic patients in our study qualified for Medicare coverage if they
were 65 years of age or older, had chronic kidney disease requiring dialysis, and/or were
disabled. For the calendar year 2007, approximately 84% of Medicare beneficiaries were
sixty-five years of age or older. Patients with type 1 diabetes are estimated to account for
less than 1% of our study population (Niefeld et al., 2003).

2.2. Identification of diabetic complications
ICD-9 and CPT codes were used to identify patients with foot ulcers, lower extremity
amputations, macrovascular complications, and microvascular complications (see appendix).
Macrovascular complications included peripheral vascular disease (250.70–73), acute
myocardial infarction (410.XX), congestive heart failure (428.X), intracerebral hemorrhage
(431), stroke (434.XX), and transient ischemic attacks (435.X) (see appendix).
Microvascular complications were identified by ICD-9 codes for renal (250.40– 43),
ophthalmic (250.50–53), and neurological manifestations (250.60–63) of diabetes.
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2.3. Additional details about study population
The data for this study along with a complete list of the ICD-9 and CPT codes used to
identify diabetic complications are publicly available and summarized online (http://
effectivehealthcare.ahrq.gov/search-for-guides-reviews-and-reports/?
pageaction=displayProduct&productID=509) in the Data Points publication series produced
as part of the Developing Evidence to Inform Decisions about Effectiveness (DEcIDE)
program funded by the U.S. Department of Health & Human Services Agency for
Healthcare Research and Quality (Margolis et al., 2011a, 2011b, 2011c;Sargen et al., 2012).

2.4. Annual reimbursements
Per capita health care spending represents the entire cost for medical services (inpatient and
outpatient services plus medication costs) received in 2007. We used county-specific CMS
(Centers for Medicare and Medicaid Services) geographic adjustment factors (GAF), which
are composite scores of the three geographic practice cost indices (physician work, practice
expense, professional liability insurance) in a county, to adjust for regional variation in
Medicare reimbursement rates (O'Brien-Strain & Theobald, 2010).

2.5. Geographic unit of analysis
The geographic unit of analysis was the Dartmouth Atlas of Health Care hospital referral
region (Margolis, Hoffstad, et al., 2011;Sargen et al., 2012). There are 306 distinct hospital
referral regions in the continental United States, which are defined by the presence of at
least one tertiary care hospital that performs major cardiovascular and neurosurgical
procedures (www.dartmouthatlas.org). Diabetic beneficiaries were assigned to a hospital
referral region based upon their zip code of residence.

2.6. Statistical analysis
Multivariate regression was performed for our diabetic foot ulcer and lower extremity
amputation cohorts with our outcomes of interest being annual per capita health care
spending and all-cause mortality. We used ordinary least squares (OLS) regression for our
analysis and corrected for spatial dependence in our dataset (Margolis, Hoffstad, et al.,
2011;Sargen et al., 2012). Spatial dependence refers to the phenomenon in which
neighboring referral regions influence each other's behavior. An example of spatial
dependence would be if providers in HRR “A” were to lower prices for health care services
in order to remain competitive with providers in neighboring HRR “B”. The use of simple
OLS regression without correcting for spatial dependence would have been statistically
inappropriate for this study as it violates the regression assumption of independent
observations within each hospital referral region. Consequently, simple OLS regression
would provide biased associations between our independent variables and outcomes.

Our independent variables were the following: prevalence of macrovascular complications,
prevalence of microvascular complications, annual office visits, and annual hospital
admissions. We also adjusted for several potential confounders in our regression analysis
including race (black, Caucasian, Hispanic), sex, household income, age, enrolled diabetic
beneficiaries within a hospital referral region, and the per capita number of physicians
practicing within a referral area.

3. Results
There were 8,430,700 individuals with diabetes enrolled in Medicare Parts A and B during
the calendar year 2007. The number of patients with diabetic foot ulcers and lower extremity
amputations was 682,887 and 151,752, respectively. Medical expenditures for diabetic
enrollees varied more than two-fold between referral regions for each patient cohort (Fig. 1).
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Per capita health care spending was significantly higher for beneficiaries with foot ulcers
($31,363, 95% CI: $30,711–$32,015) and lower extremity amputations ($48,354, 95% CI:
$47,427–$49,280) compared to diabetic patients without chronic wounds ($11,692, 95% CI:
$11,485–$11,899) (Table 1). Reimbursements for individuals with chronic wounds
accounted for 24.4% of the total Medicare spending for diabetic patients in 2007 (Table 1).

Table 2 presents the results of our multivariate regression analysis for per capita health care
expenditures. Increased Medicare spending was not associated with improved one-year
survival for patients with foot ulcers (Mortality: 13.0% in highest quartile vs. 11.8% in
lowest quartile, P=.12) or lower extremity amputations (LEA mortality: 17.9% in highest
quartile vs. 16.1% in lowest quartile, P=.20). Hospital admissions (1.63 admissions/year in
highest quartile vs. 1.15 admissions/year in lowest quartile, P<.001), macrovascular
complications (68.1% in highest quartile vs. 59.3% in lowest quartile, P=.01) and
microvascular complications (48.7% in highest quartile vs. 47.5% in lowest quartile, P=.04)
occurred more often in patients with foot ulcers living in higher spending regions (Table 2).
Rates of hospital admission were also associated with increased Medicare spending for our
amputee cohort (2.22 in highest quartile vs. 1.63 in lowest quartile, P<.001).

Table 3 presents the results of our multivariate regression analysis for mortality. Mortality
rates for diabetic patients with foot ulcers (One-Year Mortality=10–15%) and lower
extremity amputations (One-Year Mortality=15–25%) varied considerably between hospital
referral regions (Table 1). Hospital admission rates (1.56 admissions/year in highest quartile
vs. 1.22 admissions/ year in lowest quartile, P<.001) for beneficiaries with foot ulcers were
associated with increased mortality. However, mortality rates were not associated with the
prevalence of macrovascular complications (P=.12) in this cohort. In contrast,
macrovascular complications (76.0% in highest quartile vs. 72.6% in lowest quartile, P<.
001) for amputees were more common in referral regions with increased mortality rates.
Additionally, hospital admissions (2.00 admissions/year vs. 1.76 admissions/year, P= .01)
for this cohort were also more frequent in areas with decreased one-year survival.

4. Discussion
The growing prevalence of diabetes amongst Americans over the age of 65 will significantly
increase Medicare spending in future years. Although beneficiaries with foot ulcers and
amputations represent only 10% of all diabetic Medicare beneficiaries, they are very
expensive to treat accounting for 24.4% of total health care expenditures for this diabetic
population.

In this study, we found that per capita Medicare spending and mortality rates varied
considerably between hospital referral regions. Moreover, there was no statistically
significant reduction in all-cause mortality associated with higher Medicare spending. The
one-year mortality rates were 10%–15% for beneficiaries with foot ulcers and 15%–25% for
patients with lower extremity amputations. Previous studies have estimated the one-year
mortality rate for amputees at 30% and the 5-year mortality rate at 50%–70% (Aulivola,
Hile, Hamdan, et al., 2004;Mayfield et al., 2001). The five-year mortality rate for foot ulcer
patients is approximately 50% (Iversen, Tell, Riise, et al., 2009;Moulik, Mtonga, & Gill,
2003).

Cardiovascular and cerebrovascular events including myocardial infarction and stroke are
major causes of morbidity and mortality in diabetic patients (Haffner, Lehto, Ronnemaa,
Pyorala, & Laakso, 1998;Harris, 1998;Nehler, Coll, Hiatt, et al., 2003;Sarwar, Gao,
Seshasai, et al., 2010;Stratton, Adler, Neil, et al., 2000). In this particular study, we found
that macrovascular complications for diabetic amputees were more common in parts of the
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country with higher mortality rates (P<.001), but a similar association was not observed for
individuals with foot ulcers. However, hospital admission rates were higher for both groups
of patients. Macrovascular complications were also inconsistently associated with local per
capita health care spending. For diabetic beneficiaries with foot ulcers, macrovascular
complications were more common in the highest spending quartile (P=.01), but a similar
association was not observed for patients with lower extremity amputations. However,
hospital admission rates were higher for both cohorts of chronic wound diabetics in the
highest per capita spending regions of the country (P<.001 for DFU and LEA). The
association between hospital admission rates and spending is consistent with previous
analyses which estimate that inpatient care accounts for more than 50% of total health care
costs for diabetic patients annually (American Diabetes Association, 2008). Moreover, the
associations with macrovascular complications and hospital admission rates observed for
our two patient cohorts suggest that health status may influence local health care
expenditures and patient survival.

Regional variation in hospitalization rates may also be influence by provider management
styles in different parts of the country. Sirovich and colleagues reported that primary care
physicians practicing in areas with higher per capita Medicare spending were more likely to
admit elderly patients to the hospital for certain complaints such as chest pain or heart
failure symptoms. Several more recent papers have also reported on the presence of regional
variation in the utilization of Medicare services such as inpatient care (Fisher et al.,
2003;Gottlieb et al., 2010;Sirovich, Gallagher, Wennberg, & Fisher, 2008).

However, health spending and mortality rate differences between referral regions persisted
even after adjusting for hospitalization rates and the prevalence of macrovascular
complications in our linear regression analysis. Therefore, unidentified factors are likely
contributing to higher costs and decreased survival in certain parts of the country. Possible
explanatory factors to explain geographic variation in spending and mortality would be
patient compliance with treatment regimens, access to care, and local provider management
styles such pharmacotherapy decisions (Sargen et al., 2012).

4.1. Limitations
A potential limitation of this study was the usage of hospital referral regions, which are pre-
defined geographical areas created based upon referral patterns. Consequently, hospital
admission and mortality rates could be distorted by patients with higher treatment costs and
more advanced disease disproportionately utilizing health services within hospital referral
regions that contain medical centers specializing in diabetes care. For this study, we
assumed that patients generally received treatment within the hospital referral region in
which they lived.

Additionally, the associations identified in this study are only valid for our study population.
While hospital admissions and macrovascular complications are likely to be associated with
Medicare spending and mortality rates for diabetic patients without foot ulcers and
amputations, further studies are required to confirm this hypothesis.

5. Conclusions
Our analysis reveals significant geographic variation in Medicare spending and mortality
rates for diabetic patients with foot ulcers and lower extremity amputations. Local
differences in hospital admission rates and the prevalence of macrovascular complications
are associated with geographic variation in spending and mortality. It will be critically
important for physicians and health policy planners to direct resources in future years
towards preventing macrovascular complications and hospital admissions in diabetic
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patients with chronic wounds. The achievement of theses goals has the dual benefit of
improving patient survival and reducing health care costs.
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Fig. 1.
Quartile Map of Medicare Reimbursements for Non-Diabetic Foot Ulcer, Diabetic Foot
Ulcer, and Lower Extremity Amputation Cohorts, 2007. Fig. 1 illustrates Medicare
reimbursements by hospital referral region for diabetic patients without foot ulcers, diabetic
patients with foot ulcers, and diabetic patients with lower extremity amputations. We used
CMS (Centers for Medicare and Medicaid Services) geographic adjustment factors (GAF) to
adjust for regional differences in Medicare reimbursement rates. For each patient cohort,
there exists significant geographic variation in treatment costs. Reimbursements were
significantly increased for all three cohorts in parts of Texas, Oklahoma, and Louisiana.
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Table 1

Annual health care expenditures for Medicare beneficiaries with diabetes, 2007.

Category and statistics Medicare spending for diabetic beneficiaries, 2007

Hospital Referral Region (HRR) Diabetic beneficiaries without
a foot ulcer

Diabetic beneficiaries with
a foot ulcera

Diabetic beneficiaries with a
lower
extremity amputationb

Lowest Reimbursement HRR $7869 $17,849 $30,896

25th Percentile $10,524 $27,312 $42,815

Median $11,449 $30,216 $47,614

75th Percentile $12,415 $34,266 $53,043

Highest Reimbursement HRR $26,345 $59,529 $80,010

Mean (95% CI) $11,692 ($11,485–$11,899) $31,363 ($30,711–$32,015) $48,354 ($47,427–$49,280)

Standard Deviation $1841 $5797 $8237

Coefficient of Variation 0.16 0.18 0.17

Ratio of highest to lowest 3.35 3.34 2.59

Ratio of 75th to 25th Percentiles 1.18 1.25 1.24

Percentage of Total Diabetic
Beneficiaries

90.1% 8.1% 1.8%

Percentage of Total Medicare Spending
for Diabetic Patients

75.5% 18.2% 6.2%

Range of Mortality Rates (306 HRR's) Not Available 10–15% 15–25%

Table 1 reports per capita health care spending for three separate cohorts of diabetic patients. The 75th and 25th percentiles for cost indicate the
break points for the highest and lowest reimbursement quartiles for hospital referral regions. Diabetic beneficiaries with foot ulcers and
amputations were three and five times more expensive to treat annually than diabetic patients without these chronic wounds. Patients with foot
ulcers and amputations also disproportionately accounted for 24.4% of total Medicare spending for diabetic patients in 2007 while the prevalence
of these complications was only 8.1% and 1.8% respectively.

a
Medicare enrollees with an ICD-9 code for diabetic foot ulcer in the calendar year 2007.

b
Medicare enrollees with a Current Procedural Terminology (CPT) or ICD-9 code for lower extremity amputation in the calendar year 2007.
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