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Introduction

Although there is evidence to support a greater 
prevalence of lower-extremity arterial disease 
and increased rate of amputation among minor-

ity patients, no study has yet determined specifically 
the relationship between race and level of amputation. 
Whether or not amputations occur above or below the 
knee joint has substantial implications. Energy expen-
diture, balance confidence, and overall mobility are all 
impacted as the height of amputation increases.1-6 In 
addition, the loss of the knee joint, which occurs with 
above-knee amputation, has a significant influence on a 
return to functional activities and performance of activi-
ties of daily living.7-10

The increased rate of amputation among minority 
patients could be a reflection of the increased overall prev-
alence of arterial disease,11 while an increased level of 
amputation could be an indication of an increased sever-
ity of disease presentation. As racial-based disparities are 
widespread across the health care system, with provider, 
societal and individual level variables lending to inequi-
ties in health,12-14 an increased level of amputation could 
be a reflection of an intrinsic disadvantage among the 
minority patients with regards to access to appropriate 
preventative screening. For example, not only does lower-
extremity peripheral arterial and cardiovascular disease 
occur at a substantially increased rate among minori-
ties,15,16 but black race is also associated with lower ankle 
brachial index values,17 which could indicate a more sig-
nificant disease process among this population. 

Evaluation of the literature on the relationship between 
race and rate of amputation revealed that black race 
increases likelihood of an amputation by approximately 
1.5 to 3.3 times when compared to white race.18,19 Black 
race is also significantly associated with decreased likeli-
ness to receive limb-sparing procedures, such as angio-
plasty and lower-extremity bypass.20,21 Furthermore, black 
race is associated with an increased likelihood of ampu-
tation at a younger age and are more likely to undergo a 
revision of amputation.22,23 All of these studies support 
the possibility of a more severe disease process and a 
decreased access to preventative care among minority 
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Objectives: The purpose of this study was to evaluate the 
relationship between race and level of amputation and to 
discuss the implications if a disparity was found.

Methods: From the 2003 Healthcare Cost and Utilization 
Nationwide Inpatient Sample, 80 845 (weighted) discharg-
es with a diagnosis of vascular disease and black or white 
race were evaluated for a disparity in level of amputation. 
Level of amputation was categorized using International 
Classification of Diseases, Ninth Revision, Clinical Modifica-
tion procedure codes into above-knee and below-knee 
amputation. SPSS 15.0 complex samples software (SPSS Inc, 
Chicago, Illinois) was used for univariate and multivariate 
statistical analysis.

Results: Bivariate (p < .001) and logistic regression (p < .001; 
OR, 1.51; 95% CI, 1.4-1.7) analyses revealed a significant 
association between race and level of amputation. Other 
covariates were also significant for influencing level of ampu-
tation and include age (p < .001; OR, 1.03; 95% CI, 1.02-1.03), 
female gender (p < .001; OR, 1.33; 95% CI, 1.2-1.5), Charlson 
Comorbidity Index (p < .001; OR, 1.12; 95% CI, 1.1-1.2), Medi-
care (p < .017; OR 1.34; 95% CI, 1.1-1.9), Medicaid (p < .003; 
OR, 1.63; 95% CI, 1.2-2.2, peripheral arterial disease (p < .001; 
OR, 1.22. CI, 1.1-1.4) and cerebrovascular disease (p < .001; 
OR, 1.80; 95% CI, 1.5-2.1).

Conclusions: Black race is significantly more associated with 
above-knee amputation when compared to white race. The 
consequences of higher-level evaluation could lend to dis-
parities in overall health between the black and white races.
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patients, but no study has quantified an outcome such as 
a significant difference in level of amputation. 

A disparity in severity of disease outcome may be 
preventable. Increased use of inexpensive screening 
tools and increased access to preventative care may avert 
a higher-level amputation. Therefore, the purpose of this 
study was to examine the possible presence of a health 
disparity in level of amputation and to determine the 
race at greatest risk for higher-level amputation. The 
hypothesis of this study was that black race will more 
often be associated with an above-knee amputation when 
compared to white race.

Methods

Selection of Study Population
Data for this study came from the Healthcare Cost 

and Utilization Project (HCUP) Nationwide Inpatient 
Dataset (NIS) for fiscal year 2003. This data set contains 
deidentified records of independent hospital discharges 
selected from 994 hospitals in 37 US states by means of 
stratified, single-stage cluster sampling.24 The data used 
in this study include discharge records containing a 
diagnosis of vascular disease and a procedure of a lower-
extremity amputation. Records were further restricted 
by including only persons of black or white race who 
were older than 30 years of age.

The final data set consisted of 17 586 unweighted 
observations representing 83 787 (weighted) discharges 
of black or white race that also underwent amputation in 
the HCUP database for the year 2003. Weighting of the 
data allows for the HCUP database of discharges from 
37 states to be a reflection of the entire population of the 
United States. The study population included 12 687 
(unweighted)/60 725 (weighted) discharges representing 
white race and 4899 (unweighted)/23 061 (weighted) 
discharges representing black race. Exclusion criteria 
included 3702 (unweighted)/17 696 (weighted), or 
13.3% were Hispanic, Asian, Pacific Islander, Native 
American, or other. Records were identified as having a 
below-knee amputation by International Classification 
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) procedure codes 84.11-84.15, and as having an 
above-knee amputation by ICD-9-CM procedure codes 
84.16-84.19. Individuals with the codes for traumatic 
amputation were excluded from this study. Inclusion cri-
teria also limited the data set by restricting inclusion to 
discharges identified as having a form of vascular dis-
ease by one of the following ICD-9-CM diagnosis codes: 
hypertension (401.00-405.11), diabetes (250.00-250.90), 
peripheral arterial disease (440.00-441.00), myocardial 
infarction (410.00-410.90), congestive heart failure 
(428.00-429.00), ulcers (707.00-707.90), osteomyelitis 
(730.00-730.20), gangrene (785.40), or cerebrovascular 
disease (430.00-438.00). These inclusion criteria were 
based upon a significant study in the literature evaluat-

ing the relationship between race and lower-extremity 
nontraumatic amputation in the veterans administration 
hospitals.25-27

As this study examined disparities between black and 
white races, records from persons with other races were 
not retained for analysis, and records with missing race 
data (n = 6469, unweighted) were also not included in 
the final data set.

Statistical Analysis
Descriptive statistics are reported on the measures 

examined in this study, with c2 tests performed to assess 
differences in these measures between the group that 
underwent a below-knee amputation and the group that 
underwent an above-knee amputation. Logistic regression 
was then used to assess the association between the covari-
ates mentioned and the likelihood of receiving an above-
knee amputation (as opposed to a below-knee amputa-
tion). Race (black vs white) was the primary covariate of 
interest, with the other covariates acting primarily as con-
trol variables. The weighting of the original data was taken 
into account when testing for bivariate and multivariate 
associations using SPSS 15.0 (SPSS Inc, Chicago, Illi-
nois) complex samples software.

The covariate measures that are included in the HCUP 
NIS and retained for this study as possible factors mitigat-
ing the relationship between race and level of amputation 
are gender, age, level of illness (as measured by the Charl-
son Comorbidity Index), income level, and presence of 
specific vascular disease diagnoses. The Charlson Comor-
bidity Index consists of 19 categories of comorbidities 
defined by ICD-9 codes and each with an associated 
weight based on the adjusted risk of 1-year mortality.28

Results
Table 1 shows descriptive statistics for a weighted 

sample of 80 845 discharges for black or white race with 
vascular disease undergoing an amputation in 2003. 
Among the overall study group, almost three-quarters 
(74.2%) received a below-knee amputation, with the 
remaining quarter receiving an above-knee amputation. A 
little more than one-quarter of the study group (27.8%) 
was of black race. Table 1 also delineates differences 
between subgroups based on whether or not they had an 
above-knee amputation or below-knee amputation and 
also demonstrates the significant differences found upon 
univariate analysis. Among the significant differences, 
persons receiving above-knee amputation, as a group, 
were proportionately more likely to be black, older, 
female, in lower-income zip codes, and have higher Charl-
son Comorbidity Index scores consistent with the hypoth-
esis of this study. Univariate analysis demonstrated that 
race (Figure 1) was significantly associated with higher-
level amputation among this population sample.

Table 2 breaks the study group down by race (black 
and white). Where Table 1 showed that there was a dis-



JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION VOL. 101, NO. 7, JULY 2009 651

Disparities in amputation

proportionately high black representation among the 
above-knee amputation subgroup, Table 2 indicates that 
the rate of above-knee amputation was higher among 
persons of black race in the study group (31.1% vs 
23.8%). Table 2 also shows numerous other race-based 
differences. So, despite the higher rates of above-knee 
amputation, the black subgroup was younger. The black 

subgroup was also significantly more likely to be female, 
live in zip codes with lower median incomes, and have 
higher scores on the Charlson Comorbidity Index.

Table 3 summarizes the results of the logistic regres-
sion analysis and provides adjusted odds ratios (ORs) 
for the measures in Tables 1 and 2 for the likelihood of 
receiving an above-knee amputation (as compared to a 

Table 1. Crosstabular Bivariate Analysis of Level of Amputation Among Variables of Interest From 
Healthcare Cost and Utilization Project Nationwide Inpatient Dataset 2003 (Weighted)

 

Total 
Population 
(N = 80 844)

Persons Receiving 
Below-Knee 
Amputation 
(N = 59 971)

Persons Receiving 
Above-Knee 
Amputation 
(N = 20 873) c2

Level of amputation
Above knee 25.8%     0% 100%

Race    94.0a

Black 27.8% 25.8% 33.5%
Age, y   927.3a

30-56 23.5% 27.7% 11.3%
57-67 25.1% 26.6% 20.9%
68-77 24.9% 24.5% 26.2%
≥78 26.5% 21.2% 41.6%

Gender  187.0a

Female 39.6% 36.6% 48.3%
Insurance status   492.1a

Medicare 69.4% 65.0% 82.1%
Medicaid   8.1%   8.5%   7.0%
Private/HMO 18.0% 21.2%   8.7%
No insurance   4.5%   5.3%   2.2%

Income level
<$35 999 32.9% 31.9% 35.9%    30.4a

$36 000-$45 999 26.6% 26.5% 26.8%
$46 000-$59 999 23.6% 24.1% 22.0%
≥$60 000 16.9% 17.5% 15.3%

Location   15.7
Metropolitan >1 000 000 53.2% 53.8% 51.5%
Metropolitan <1 000 000 29.1% 29.2% 28.8%
Micropolitan 10.8% 10.4% 11.8%
Rural   6.9%   6.6%   7.8%

Charlson Comorbidity Index   162.2a

1-3 73.4% 75.9% 66.1%
3-6 21.7% 19.5% 28.1%
≥6 4.9%   4.6%   5.8%

Vascular disease
Hypertension 58.7% 59.1% 57.5%    3.2
Peripheral vascular disease 58.4% 53.1% 73.7% 565.2a

Diabetes 69.4% 75.7% 51.4% 906.9a

Coronary artery disease 42.2% 42.6% 40.9%     3.7
Ulcers 47.1% 48.2% 43.7%    26.2a

Osteomyelitis 31.3% 38.7% 10.1% 1238.4a

Gangrene 31.5% 34.3% 23.7%   167.2a

Myocardial infarction   7.1%   7.2%   6.8%         0.908
Congestive heart failure 22.7% 20.6% 28.7%   121.6a

Cerebrovascular disease   6.7%   4.7% 12.5%   316.8a

a p < .001.
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below-knee amputation). Even after controlling for these 
factors, black race still was associated with substantially 
increased odds for receiving above-knee amputation 
(OR, 1.51, 95% confidence interval [CI], 1.4-1.7). Other 
covariates with interesting and significant associations 
with amputation level included female gender (OR, 
1.33; 95% CI, 1.2-1.5), Medicaid (OR, 1.63; 95% CI, 
1.2-2.2), peripheral arterial disease (OR, 1.23; 95% CI, 
1.1-1.4). Covariates associated with a decreased odds of 
receiving an above-knee amputation included the pres-
ence of vascular disease-related conditions such as 
hypertension (OR, 0.80; 95% CI, 0.737-0.875), gan-
grene (OR, 0.64; 95% CI, 0.570-0.718), and diabetes 
(OR, 0.41; 95% CI, 0.374-0.450). Although these dis-
eases have been linked with higher rates of amputation, 
the findings of this study indicate that they are not linked 
with above-knee amputation.

Discussion
The findings of this study show, among persons 

receiving a lower-extremity amputation, that black race 
was associated with a 51% higher risk of an above-knee 
amputation after controlling for different demographic, 
comorbid, and socioeconomic factors. In addition, these 
findings showed that race remains a factor in level of 
amputation even after taking into account the prevalence 
of different vascular diseases. Interestingly, having Med-
icaid also had a higher OR for increased level of ampu-
tation when compared to black race, indicating the role 
of socioeconomic status in this health disparity. 

Above-knee amputation was associated with increased 
mortality and morbidity compared to below-knee ampu-

tation.29 In addition, higher-level amputation has been 
associated with decreased ability to return to work, 
increased energy costs of ambulation, decreased balance 
confidence, and decreased satisfaction with use of the 
prosthesis.30-32 Therefore, the findings of this study notably 
delineate that racial disparities in level of amputation were 
of serious concern and had implications that influence 
multiple areas of an individual’s health and well-being.

Although gender, age, level of illness, income, 
peripheral arterial disease, and cerebrovascular disease 
demonstrated increased tendency towards higher-level 
amputation, diabetes, gangrene, and osteomyelitis were 
protective variables towards above-knee amputation. 
There are many reasons that could account for this find-
ing. First of all, this study does not evaluate frequency of 
amputation, but only severity. Therefore, the results of 
this study do not indicate that a diagnosis of diabetes, 
osteomyelitis, or gangrene results in avoidance of ampu-
tation, but rather the amputations associated with these 
diagnoses may tend to be less severe, often being below 
the knee. There are several explanations for this result. 
For example, improved screening by primary care prac-
titioners has increased for patients with diabetes in the 
last several years. In addition, a patient with a diagnosis 
of osteomyelitis and ulcers would be more likely to con-
sult a physician earlier than an individual with periph-
eral arterial disease due to the increased pain associated 
with those conditions. If caught earlier, decreased level 
of amputation could result. This is a possible explana-
tion based on the findings of this study.

The results of this study provide intriguing informa-
tion with regards to the association between race and 

Figure 1. Frequency in Percent of Below- and Above-Knee Amputation by Race

Abbreviations: AKA, above-knee amputation; BKA, below-knee amputation.

Source: Healthcare Cost and Utilization Project Nationwide Inpatient Dataset, 2003.
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level of amputation. Racial disparities in level of ampu-
tation are troubling because of the implications that 
higher level of amputation have on subsequent func-
tional mobility and quality of life. Evidence suggests 
that disparities in this area build on other disparate mea-
sures of disease and outcomes related to vascular dis-
ease. Addressing a treatable and reversible health dispar-
ity in level of amputation may combat many of the 
factors that lend to health disparities in the first place, 
including a person’s ability to access medical care, main-
tain employment, and return to an active lifestyle.

Limitations
The limited availability of covariates in public data-

bases is acknowledged in the literature,32 and this data set 
is no exception. Particularly with socioeconomic factors, 
median zip code income and insurance type are indirect 
indicators. More-precise measures of income or education 
would make a stronger case that the racial effect found 
here exists independent of socioeconomic status. And 
while a range of vascular diseases and a measure of health 
status are included here to control for health-related fac-
tors, additional measures for items related to health risk 
behaviors could have further isolated the impact of race.

Table 2. Frequency Distribution of Population by Race Among Variables of Interest From Healthcare Cost 
and Utilization Project Nationwide Inpatient Dataset, Fiscal Year 2003 (Weighted)

 

Total 
Population 
(N = 80 844)

Persons of 
White Race 
(N = 58 367)

Persons of 
Black Race 
(N = 22 477) c2

Race
Black 25.8%   0% 100%

Level of amputation    94.0a

Above knee 25.8% 23.8% 31.1%
Age, y    77.7a

30-56 23.5% 22.1% 27.1%
57-67 25.1% 24.5% 26.6%
68-77 24.9% 25.7% 23.0%
≥78 26.5% 27.7% 23.3%

Gender   127.2a

Female 39.6% 37.0% 46.5%
Insurance status   218.2a

Medicare 69.4% 69.8% 68.4%
Medicaid   8.1%   6.4% 12.6%
Private/HMO 18.0% 19.5% 14.0%
No insurance   4.5%   4.3%   5.0%

Income level
<$35 999 32.9% 24.4% 54.9% 1484.3a

$36 000-$45 999 26.6% 28.3% 22.1%
$46 000-$59 999 23.6% 27.1% 14.5%
>$60 000 16.9% 20.2%   8.5%

Location   454.0a

Metropolitan >1 000 000 53.2% 48.2% 63.3%
Metropolitan <1 000 000 29.1% 31.8% 22.2%
Micropolitan 10.8% 12.1%   7.2%
Rural   6.9%   7.9%   4.4%

Charlson Comorbidity Index    48.3a

1-3 73.4% 75.8% 72.4%
3-6 21.7% 21.1% 22.1%
6+   4.9%   3.2%   5.6%

Vascular disease
Hypertension 58.7% 54.7% 68.9%   283.9a

Peripheral vascular disease 58.4% 56.6% 63.2%    62.3a

Diabetes 69.4% 68.7% 71.4%    11.5a

Coronary artery disease 42.2% 45.5% 33.4%   205.8a

Ulcers 47.1% 47.6% 45.7%     4.9
Osteomyelitis 31.3% 33.1% 26.6%    67.8a

Gangrene 31.5% 30.0% 35.5%    46.7a

Myocardial infarction   7.1%   7.7%   5.5%    23.9a

Congestive heart failure 22.7% 23.6% 20.2%    23.2a

Cerebrovascular disease   6.7%   6.2%   8.1%    20.5a

a p < .001.
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Conclusions
This study adds to a body of research which shows 

racial disparities in the prevalence of peripheral arterial 
disease, the risk for incurring an amputation, and the 
likelihood of receiving limb-sparing procedures. The 
findings support the significant relationship between 
black race and higher-level amputation, even when con-
trolling for different demographics, including comor-
bidities and socioeconomic factors. Based on this 
research outcome, it is critical to evaluate which factors 
may be influencing the increased severity of amputation 
seen among the minority patients. Thus, this study sup-
ports the possibility of exaggerated disease manifesta-
tion, possibly due to inadequate preventative care or 
could be indicative of flaws in the patient physician rela-
tionship, such as lack of trust by the patient on uncon-
scious bias on the part of the practitioner.33,34

Physician diagnosis of peripheral arterial disease is, 

unfortunately, low. Additionally, appropriate and early 
diagnosis of peripheral arterial disease, especially among 
minorities, is deficient.35 In contrast, preventative screen-
ing of lower-extremity ischemia has been found to decrease 
rates of amputation, decrease cardiovascular morbidity 
and mortality, reduce the severity of vascular illnesses, and 
improve quality of life as seen in highly successful com-
munity outreach and screening programs. These programs 
have been very successful in targeting individuals who 
would benefit from intervention to prevent or treat lower-
extremity ischemia.36 In addition, highly sensitive, spe-
cific, reliable, and valid screening tools such as the ankle 
brachial index, Walking Impairment questionnaire and 
Edinburgh Claudication questionnaire are available to pri-
mary care practitioners to assist with screening objectively 
for diseases that could directly lead to amputation.37-39

Further research is necessary to better understand the 
specific dynamics that account for this disparity, but in the 

Table 3. Logistic Regression Analysis for Effect of Independent Variables on Level of Amputation

 Adjusted Odds Ratio Confidence Interval
Race

Black
1.51 1.35-1.70

Age, y 1.03 1.03-1.03b

Gender
Female

1.33 1.22-1.45b

Insurance status  
Medicare 1.39 1.06-1.87a

Medicaid 1.63 1.18-2.25a

Private/HMO 0.99 0.73-1.34
No Insurance 1.00 .

Median income of residential zip code  
<$35 999 1.08 0.93-1.25
$36 000-$45 999 1.06 0.92-1.23
$46 000-$59 999 0.98 0.85-1.14
>$60 000 1.00 .

Location  
Metropolitan >1 000 000 0.86 0.68-1.08
Metropolitan <1 000 000 0.88 0.71-1.09
Micropolitan 1.03 0.81-1.31
Rural 1.00 .

Charlson Comorbidity Index 1.12 1.08-1.16b

Vascular disease  
Hypertension 0.80 0.74-0.88b

Peripheral vascular disease 1.22 1.08-1.37b

Diabetes 0.41 0.37-0.45b

Coronary artery disease 0.95 0.86-1.04
Ulcers 0.98 0.90-1.07
Osteomyelitis 0.22 0.19-0.25b

Gangrene 0.64 0.57-0.72b

Myocardial infarction 0.98 0.81-1.18
Congestive heart failure 1.09 0.99-1.20
Cerebrovascular disease 1.80 1.55-2.09b

a p < .01.
b p < .001.
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meantime the outcome of higher level of amputation may 
be reduced with use of and access to the appropriate screen-
ing tools, prescriptive medications, and therapeutic inter-
ventions. An evaluation of the use of these tools in vulnera-
ble populations among primary care physicians might lead 
to appropriate methods to reduce the rate of health dispari-
ties in amputation and improve quality of life for a multi-
tude of individuals diagnosed with vascular diseases. 
Greater attention to the provision of this type of preventa-
tive care to at-risk populations such as persons of black race 
is a start towards eliminating this and other disparities 
related to the diagnosis and care of vascular disease. 

References
1. Gonzalez EG, Corcoran PJ, Reyes RL. Energy expenditure in below-
knee amputees: correlation with stump length. Arch Phys Med Rehabil. 
1974;55:111-119.
2. Huang CT, Jackson JR, Moore NB, et al. Amputation: energy cost of 
ambulation. Arch Phys Med Rehabil. 1979;60:18-24.
3. Traugh GH, Corcoran PJ, Reyes RL. Energy expenditure of ambulation in 
patients with above-knee amputations. Arch Phys Med Rehabil. 1975;56:67-77.
4. Pinzur MS, Gold J, Schwartz D, et al. Energy demands for walking in dys-
vascular amputees as related to the level of amputation. Orthopedics. 
1992;15:1033-1037.
5. Williamson GM. Restriction of normal activities among older adult 
amputees: The role of public self-consciousness. J Clin Geropsychology. 
1995;1:229-242.
6. Miller WC, Deathe AB, Speechley M, et al. The influence of falling, fear 
of falling, and balance confidence on prosthetic mobility and social activ-
ity among individuals with a lower extremity amputation. Arch Phys Med 
Rehabil. 2001;82:1238-1244.
7. Horgan O, MacLachlan M. Psychosocial adjustment to lower-limb ampu-
tation: a review. Dis Rehab. 2004;26:837-850.
8. Houghton A, Allen A, Luff R, et al. Rehabilitation after lower limb amputa-
tion: a comparative study of above-knee, through-knee and Gritti-Stokes 
amputations. Brit J Surg. 1989;76:622-624.
9. Esquenazi A, DiGiacomo R. Rehabilitation after amputation. J Am 
Podiatr Med Assoc. 2001;91:13-22.
10. Gauthier-Gagnon C, Grise MC, Potvin D. Enabling factors related to 
prosthetic use by people with transtibial and transfemoral amputation. 
Arch Phys Med Rehabil. 1999;80:706-713.
11. Collins TC, Petersen NJ, Suarez-Almazor M, et al. The prevalence of 
peripheral arterial disease in a racially diverse population. Arch Intern Med. 
2003;163:1469-1474.
12. National Healthcare Disparities Report. Rockville, MD: Agency for 
Healthcare Research and Quality; 2004. Agency for Healthcare Research 
and Quality publication No. 05-0014.
13. Smedley BD, Stith AY, Nelson AR. Unequal Treatment: Confronting 
Racial and Ethnic Disparities in Health Care. Washington, DC: Institute of 
Medicine; 2002.
14. van Ryn M. Research on the provider contribution to race/ethnicity dis-
parities in medical care. Med Care. 2002;40:I140-I151.
15. Eslami MH, Zayaruzny M, Fitzgerald GA. The adverse effects of race, 
insurance status, and low income on the rate of amputation in patients 
presenting with lower extremity ischemia. J Vasc Surg. 2007;45:55-59.
16. Dillingham TR, Pezzin LE, Mackenzie EJ. Racial differences in the inci-
dence of limb loss secondary to peripheral vascular disease: a population-
based study. Arch Phys Med Rehabil. 2005;83:1252-1257.
17. Aboyans V, Criqui MH, McClelland RL, et al. Intrinsic contribution of gen-
der and ethnicity to normal ankle brachial index values: the Multi-Ethnic 
Study of Atherosclerosis (MESA). J Vasc Surg. 2007;45:319-327. 

18. Resnick HE, Valsania P, Phillips CL. Diabetes mellitus and nontraumatic 
lower extremity amputation in black and white Americans: the National 
Health and Nutrition Examination Survey epidemiologic follow-up study, 
1971-1992. Arch Intern Med. 1999;159:2470-2475.
19. Huber TS, Wang JG, Wheeler KG, et al. Impact of race on the treatment 
for peripheral arterial occlusive disease. J Vasc Surg. 1999;30:417-425.
20. Guadagnoli E, Ayanian JZ, Gibbons G, et al. The influence of race on 
the use of surgical procedures for treatment of peripheral arterial disease 
of the lower extremities. Arch Surg. 1995;130:381-386.
21.  Brothers TE, Robison JG, Sutherland SE, et al. Racial differences in oper-
ation for peripheral vascular disease: results of a population-based study. 
Cardiovasc Surg 1997;5:2631.
22. Rucker-Whitaker C, Feinglass J, Pearce WH. Explaining racial variation in 
lower extremity amputation: a 5-year retrospective claims data and medi-
cal record review at an urban teaching hospital. Arch Surg. 2003;138:1347-
1351.
23. Feinglass J, Rucker-Whitaker C, Lindquist L, et al. Racial differences in 
primary and repeat lower extremity amputation: results from a multihospi-
tal study. J Vasc Surg. 2005;41:823-829.
24. Agency for Healthcare Research and Quality. Nationwide Inpa-
tient Sample (NIS) 2003. http://www.hcup-us.ahrq.gov/nisoverview.jsp. 
Accessed June 14, 2006.
25. Collins TC, Johnson M, Henderson W, et al. Lower extremity nontraumat-
ic amputation among veterans with peripheral arterial disease: is race an 
independent factor? Med Care. 2002;40:I106-I116.
26. Van Houtum WH, Lavery LA, Armstrong DG. Risk factors for above-knee 
amputations in diabetes mellitus. South Med J. 1998;91(7):643-649.
27. Lavery LA, von Houtum HM, Armstrong DG, et al. Mortality following 
lower extremity amputation in minorities with diabetes mellitus, Diabetes 
Res Clin Pract. 1997;37:41–47.
28. Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prog-
nostic comorbidity in longitudinal studies: development and validation. 
J Chronic Dis. 1987;40:373-383.
29. Aulivola B, Hile CN, Hamdan AD, et al. Major lower extremity amputa-
tion: Outcome of a modern series. Arch Surg. 2004;139:395-399.
30. Miller WC, Speechley M, Deathe AB. Balance confidence among peo-
ple with lower-limb amputations. Phys Ther. 2002;82:856-865.
31. Millstein S, Bain D, Hunter GA. A review of employment patterns of 
industrial amputees--factors influencing rehabilitation. Prosthet Orthot Int. 

1985;9:69-78.
32. Pezzin, LE, Dillingham, TR, Mackenzie, EJ, Ephraim P, Rossbach P. Use 
and satisfaction with prosthetic limb devices and related services. Arch 
Phys Med Rehab. 2004;85:723-729.
33. Sabin JA, Rivara FP, Greenwald AG. Physician implicit attitudes and ste-
reotypes about race and quality of medical care. Med Care. 2008;46:678-
685.
34. Armstrong K. McMurphy S. Dean LT, et al. Differences in the patterns of 
health care system distrust between blacks and whites. J Gen Intern Med. 
2008;23:827-833.
35. Hirsch AT, Criqui, MH, Treat-Jacobson D, et al. Peripheral arte-
rial disease detection, awareness, and treatment in primary care. JAMA. 
2001;286:1317-1324.
36. Hirsch AT, Halverson SL, Treat-Jacobson D, et al. The Minnesota Regional 
Peripheral Arterial Disease Screening Program: toward a definition of com-
munity standards of care. Vasc Med. 2001;6:87-96.
37. Weatherley BD, Chambless LE, Heiss G, Catellier DJ, Ellison RC. The reli-
ability of the ankle-brachial index in the Atherosclerosis Risk in Communi-
ties (ARIC) study and the NHLBI Family Heart Study (FHS). BMC Cardiovasc 
Disord. 2006;6:7.
38. Leng G, Fowkes, F. The Edinburgh claudication questionnaire: an 
improved version of the WHO/Rose questionnaire for use in epidemiologi-
cal surveys. J Clin Epidemiol. 1992;45:1101-1109.
39. Regensteiner JG, Steiner SF, Panzer RJ, Hiatt WR. Evaluation of walking 
impairment by questionnaire in patients with peripheral arterial disease. 
J Vasc Med Biol. 1990;2:142-152. n




