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Abstract
Lower extremity amputation is one of the most unfortunate, yet preventable, consequences of
uncontrolled lower limb ischemia occurring secondary to diabetes mellitus or peripheral
arterial disease. In the United States, racial and socioeconomic disparities are associated with
significant differences seen in the incidence and type or level of lower extremity amputation
among patients. Due to shifting demographics and the uncertain state of healthcare coverage,
lower extremity amputation rates are only projected to increase in the future. Given the
potential societal and individual costs associated with the loss of a limb, this review seeks to
summarize the recent findings on disparities in the identification, treatments offered, and
outcomes of lower limb ischemia in order to elucidate potential interventions at the
practitioner and policy levels.
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Introduction And Background
In 2005, the United States had 1.6 million amputees, equating to one in every 190 persons. By
2050, this number is projected to increase to over 3.6 million with an estimated incidence rate
of 185,000 patients per year [1-2]. Limb loss is most often secondary to peripheral arterial
disease (54%), followed closely by trauma (45%). With respect to peripheral arterial disease, the
majority of patients have the concomitant diagnosis of diabetes mellitus [1]. The management
of lower limb ischemia varies based on the racial group though, with worse outcomes more
likely in minority groups. Previous studies have demonstrated that within African American
populations, regardless of geographic region, there is a higher incidence of amputations
compared to white populations (5.0-6.5 per 10,000 individual versus 1.2-2.5 per 10,000) [3].
Furthermore, African American persons are not only more likely to undergo limb amputation
but also the amputations are more significant, with a higher risk of above-the-knee
amputations [4-5].

The most recent United States Census data notes that one in three individuals identify as
African American, Hispanic, or Native American [6]. Over the next three decades, it estimates
this number to rise to one in every two persons, which highlights the urgency to address this
issue both for individual patients and from a societal standpoint. Furthermore, projections
estimate that by 2030, the number of those with diabetes worldwide will rise from 366 million to
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552 million [7]. Given the increased risk of amputation in diabetic patients, there is potential
that these alarming statistics actually underestimate the challenge our healthcare community
will face in the upcoming decades [7-8]. This review will summarize several of the latest primary
studies on health disparities as they relate to lower extremity amputation, with an emphasis on
how the current findings can be translated into practical changes for the individual practitioner
and the healthcare system.

Review
Individual and societal cost
While there is debate regarding the exact degree and magnitude of change in incidence rates
with lower extremity amputation, it is evident that the overall associated healthcare costs are
continuing to rise. From a financial perspective, when accounting for these values, the cost
cannot be limited solely to the pre-, peri-, and post-operative windows. Rather, ongoing costs
in the form of long-term rehabilitation, care, and management must be considered.

With respect to procedural costs, estimates vary primarily due to the differences in the
underlying data set, patient population, the timeframe of analysis, and charge calculations.
Therefore, several studies will be compared to discuss overarching trends rather than focus on
exact costs. According to the 2007 Inter-Society Consensus for the Management of Peripheral
Arterial Disease, the average cost of an amputation was estimated to be $40,000 [9]. However,
this value is for a single year and without context in terms of the level of amputation,
complications, and follow-up care. In addition, a cross-sectional study from the Department of
Veterans Affairs data provided an approximation of both overall amputation-associated cost
and temporal change, albeit only for diabetes-related lower extremity amputations. In the fiscal
year 2004, the cost estimate was $50,351 per patient for a cohort of 3,381 patients, equaling an
overall cost of $170,236,037 [10]. Over the next half decade, these values increased to $60,647
per patient, with a total cost of $206,380,331 for 3,403 patients (all values expressed in 2012
dollars) [10]. However, like other studies, overall costs may have been underestimated, given
that only costs associated with hospitalization were included.

Given these limitations in cost calculations, MacKenzie et al. studied the two-year direct cost
and lifetime costs associated with lower extremity amputation, regardless of etiology or
underlying disease process. Following 545 patients at level-1 trauma centers, they assessed the
following variables: initial hospitalization, readmissions, inpatient rehabilitation, outpatient
physician visits, physical and occupational therapy, and durable medical equipment cost. Based
on these parameters, they ascertained the two-year cost to be $91,106 for index amputation
and $509,275 for lifetime costs [11]. While the exact cost varies based on individual study
methodology and calculation, it is clear that these estimates underscore the premise that lower
extremity amputation is an expensive procedure for patients and healthcare systems.
Furthermore, these costs are likely to increase given the widely acknowledged increasing
prevalence of co-existing diabetes and peripheral arterial disease [11].

The impetus to prevent future amputations is not strictly economical but is also based on the
suffering of the individual patient and potential outcomes. Quality of life scores have been
noted to significantly drop for amputees compared to non-amputees, with changes in
employment status and the use of prosthetic devices correlating with more negative scores [12].
As would be expected, amputees have also been found to have higher rates of depression,
anxiety, and negative body image [13]. Even more striking, mortality risk varies between
amputees and the general population. Based on the Centers for Medicare and Medicaid data
from 2000 to 2008, mortality rates at one year and three years were 48.3% and 70.9% for
amputees, respectively [14]. Comparatively, the one-year and three-year mortality rates for
non-amputees were 24.2% and 43.2%, respectively [14]. However, these outcome measures are
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not necessarily equal among amputees. The lower extremity assessment project (LEAP), a
multicenter, prospective observational study that attempted to determine who should undergo
amputations, determined that poverty, lack of private insurance, and non-white race were
determined to be predictors of worse health status post-amputation [15].

Current evidence of health disparities
Racial and socioeconomic disparities exist with respect to the incidence, prevalence, and
management of limb ischemia, resulting in a variation in outcomes among certain sub-
populations. While a number of studies over the last few decades have described these
differences, the methods of data collection, analysis, and patient population studied varied
significantly from study to study. Therefore, we will attempt to highlight the latest national
studies performed with a similar methodology, to update the understanding of current
disparities.

Populations at risk for limb amputation have been well documented, with temporal data being
the most suited to analyze changing trends in these groups. From 1988 to 1996, the Healthcare
Cost and Utilization Projection analyzed nationwide data and determined that amputations
secondary to dysvascular conditions were overall on the rise. Upon data stratification by age
and racial group, they noted that African American patients had higher rates of amputation,
especially in older individuals [16]. Specifically, African American persons over 85 years were
11.7 times as likely as those younger to undergo an amputation due to dysvascular causes [16].

Considering the Medicare population only, one recent study sought to determine how
amputation rates have changed over time, as well as the risk factors underlying these outcomes
[17]. From 1999 to 2006, there were 23,976 amputations in Medicare recipients with diabetes.
Of these, 11,558 were in high-risk patients, compared to 12,418 in low-risk patients (high risk
was defined as end-stage renal disease patients or patients with three or more risk factors,
including stroke, congestive heart failure, myocardial infarction, and ischemic heart disease)
[17]. Although the authors concluded that lower extremity amputation rates decreased from
1999 to 2006 (4.8 per 1000 to 4.4 per 1000 patients), the proportion of amputees that were high
risk with diabetes increased from 33% to 50% over the same time interval. Furthermore,
comparing amputees to non-amputees, the African American race was more common in
amputees (25.1% versus 12.6%). In addition, the African American race was associated with a
higher incidence of amputation in both the low- and high-risk groups [17].

Variations in management
Studies have documented differences in the prevalence of amputations by race. More
specifically, observations have highlighted higher rates of conversion of an at-risk patient to an
amputee when the patient is of African American race [18-19]. However, factors outside of race
likely play a confounding role in this higher rate, especially when considering potential
differences in management. For example, one study by Holman and colleagues analyzed
inpatient Medicare data from 2003 to 2006. In patients who underwent a major lower extremity
amputation, they concluded that even after controlling for baseline patient characteristics,
African American patients were less likely to have had a previous hospital admission for a limb-
related disease or revascularization procedure before amputation than Caucasian patients [18].
Another study by Baser analyzed Medicare data from 2007 to 2008, noting that 0.41% of African
Americans had a severe peripheral arterial disease or critical limb ischemia, double that of the
Caucasian population (0.18%). More importantly, they noted that that African American
patients had lower rates of revascularization and higher rates of amputation than Caucasian
patients. This conclusion was also supported by the longer time to first revascularization and
the shorter time to amputation in the African American cohort. Of note, these relationships
remained statistically significant even after adjustment for age, gender, ischemic severity and
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other comorbidities [19].

The existence of racial disparity in amputations is further supported by a study from Hughes et
al. that looked at the association of critical limb ischemia, amputation, and race. This study
utilized the National Inpatient Sample (NIS) data from 1998-2005, which includes all-payer
inpatient hospital stays data in the United States. Patients under 65 years of age and uninsured
patients are included in this database. During the study period, 111,548 patients underwent
amputations: 61% were Caucasians versus 25.4% African American. However, of the 240,139
admitted patients with the diagnosis of limb ischemia, 68.2% were Caucasian versus 19.5%
African Americans [20]. Thus, although less than one in five admitted patients for limb
ischemia is African American, over one in four undergoing amputation are African American.
One potential explanation is that this patient population has lower rates of insurance (private
or government) coverage compared to Caucasians [21]. Therefore, there may be a greater risk of
patients losing continuous access to physicians and medications, potentially leading to greater
disease severity on presentation.

With regards to whether management strategies differ by races, the results are highly
controversial. There has been debate regarding the regional intensity of vascular care and its
effect on amputation rates. Goodney et al. investigated Medicare patients who underwent
peripheral vascular procedures prior to amputation from 2003 to 2006 and compared to future
amputation rates from 2007 to 2009. When stratifying by geographical location, they saw large
differences in amputation rates, ranging from one in 10,000 to 27 in 10,000 persons. In regions
with high rates, African Americans comprised a larger proportion of the amputees.
Furthermore, when the dataset was analyzed against the rates of vascular care, high rates of
care were negatively correlated with amputation rates, specifically for outpatient diagnostic
and therapeutic procedures and inpatient surgical revascularization. As a result, it logically
follows that patients in regions with more vascular care were more likely to be offered
revascularization, or limb salvage, prior to amputation [22]. These findings imply the potential
benefits of targeting preventative care efforts to those regions with lower levels of vascular care
and higher primary amputation rates.

Current climate and future interventions
Based on estimates from a decade-long (2001-2010) analysis of inpatient discharge records,
major amputations have increased by 7.7% [23]. This analysis demonstrated that these
admissions are more costly than ever, with values over $100,000 per patient [23]. Furthermore,
despite technological advances, the rate of preventable amputations are not decreasing and
patients with peripheral arterial disease and diabetes only continue to increase as our
population ages [23-24].

Clearly, there is evidence, both historical and modern, that race plays a significant role in the
incidence of lower extremity amputation. Data as recent as 2011 continues to demonstrate that
African Americans have a higher risk of amputations, with a variety of contributing factors,
including the condition of patients on admission [25-27]. Furthermore, given the impact of
socioeconomic status on amputation risk, proposed interventions must keep these influences
in mind in order to be effective [18-19]. A recent British study by Amin et al. confirmed this
association, concluding that lower socioeconomic status (based on median household income
in their neighborhood of residence) correlated with higher rates of lower extremity
amputation, with the lowest quintile having an 8% greater incidence rate than the highest
quintile (27.0 vs. 19.3 per 10,000 patients) [28]. Interestingly, this relationship remained
constant even after adjusting for the utilization of primary care and variables such as
differences in health literacy and ability to consistently afford medication and care [28].

Many interventions have previously been proposed regarding what physicians and other
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healthcare staff can do to prevent lower extremity amputation. While these studies are effective
in proposing modifications to physician behaviors to improve the identification and prevention
of complications that can lead to amputation, a two-pronged approach involving patients and
the public at large may be more effective. Given the long-term effects of diabetes and the
natural history of peripheral arterial disease progression, compounded by the high likelihood of
complications in untreated patients, effort should be placed on improving public awareness of
the underlying conditions and presenting symptoms. A study by Hirsch et al. was the first
survey of public knowledge regarding lower extremity peripheral arterial disease [29]. A cross-
sectional telephone survey of 2501 adults over 50 was performed to determine symptom
knowledge, an awareness of risk factors, a perception of causes, and other factors. This study
found that only 26% of adults surveyed were familiar with the term peripheral arterial disease
(PAD); in contrast, 67.1% and 73.9% of the study group were familiar with the terms “stroke”
and “coronary artery disease,” respectively [29]. Interestingly, rare conditions, such as multiple
sclerosis and cystic fibrosis, had higher name recognition rates, highlighting the potential
importance of public campaigns to spread awareness. These efforts can encourage patients who
recognize potential peripheral arterial disease symptoms, such as claudication, to pursue
regular healthcare, which will limit the risk of subsequent complications.

From a diabetic screening perspective, hemoglobin A1c (HbA1c) testing is a common screening
measure employed to diagnose and longitudinally manage diabetics. Zhao et al. studied a
prospective cohort of 19,808 African American and 15,560 Caucasian diabetics for an average of
6.83 years in order to determine the relative risk of lower extremity amputation. Importantly,
they focused on patients from low-income communities, determining that a graded
relationship between HbA1c existed with amputation among both groups. Furthermore, this
relationship existed even after controlling for smoking status, blood pressure, and income,
indicating the potential for HbA1c as a risk predictor for amputation [30]. Following this, a more
recent study by Suckow et al. analyzed Medicare data on over 11 million diabetics between 2002
and 2012, following them for 6.6 years in order to determine the effects of regular screening on
amputation risk. They determined that the use of HbA1c, regardless of frequency, decreased the
amputation risk across all races studied by 15%. Frequent testing was associated with a 39%
decrease in amputation risk [31].

Based on these studies, it is evident that patient education programs emphasizing the
importance of peripheral arterial disease screening, especially in those with diabetes, have a
positive impact on limb outcomes. However, individual patient education, as well as public
awareness campaigns, need to be targeted towards the audience who is at highest risk. This
ranges from national publicity campaigns that can increase the general awareness of the
underlying conditions and potential outcomes, but also local community-organized events that
connect care providers with patients and provide sufficient time for patient-provider
interaction. These efforts are important, given that lower educational levels have been
associated with higher rates of long-term mortality after amputation [32]. Specifically, five-year
mortality for amputees was lower for high-school graduates when compared to those who had
not finished the degree (62.6% versus 84.3%) [32-33]. Finally, while patient education may
provide an impetus for individuals to seek preventative vascular care, there also exists
a variation among practitioners regarding the diagnostic and treatment approach. For example,
Medicare data for peripheral arterial disease patients as recent as 2008 demonstrated a
variation in amputation rates based on geographic region. Specifically, they noted that areas
with high amputation rates tended to cluster together, indicating a potential lack of access to
health care within these areas [27]. Therefore, it is necessary to continue developing guidelines
to help further standardize care protocols.

Effect of healthcare coverage and data collection
The previously noted interventions are beneficial, but it should be considered that not all
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patients have access to a provider or the financial means to obtain care commensurate with
their current health status. Many amputees are older, due to ischemic complications secondary
to peripheral arterial disease or diabetes requiring decades to manifest. Therefore, while many
amputees may have Medicare coverage–with a smaller proportion being under the age limit for
coverage–the preventative measures required to limit damage need to be started as early as
possible. Considering that two patients with Medicare coverage can have significantly different
rates of early life health screening and preventative efforts, the eventual outcomes for which
data is collected varies vastly. One study using Kaiser Permanente data from 1995 to 1998
highlights the potential benefits of increased insurance coverage; note that Kaiser Permanente
has a prepaid health plan that provides comprehensive health services to its 2.9 million
members. Of these, 62,432 diabetics were followed and tracked based on the discharge
diagnosis in order to estimate the risk for amputation. They concluded that there was no
statistically significant difference between Caucasians and African Americans for lower
extremity amputation, even after adjustment for age and sex [34]. Although this single study
does not indicate the effects of broader coverage and its impact on different regions (with
Kaiser Permanente covering areas in California, Colorado, District of Columbia, Georgia,
Hawaii, Maryland, Oregon, Virginia, and Washington) or under different care systems, it does
indicate the potential to mitigate racial differences in amputation by providing broader
coverage.

A more recent study analyzed the effects of the 2006 expanded insurance coverage program in
Massachusetts. This program expanded coverage to 98% of state residents, which highly
benefited non-Caucasian residents [35]. The rates of uninsured Hispanics and African
Americans decreased by 44% and 77%, respectively [35]. Using data from 2001 to 2009 from
Massachusetts, New York, Maryland, and New Jersey, the study sought to determine potential
changes in outcomes before and after the insurance expansion. They found that prior to 2006,
non-white patients had a 12% higher probability of peripheral arterial disease, in both
Massachusetts and control states. However, data collected after the expansion demonstrated no
differences by race in Massachusetts while the control states maintained the disparity.
Furthermore, the amputation risk difference between non-whites and whites decreased from a
statistically significant 8.5% to a statistically insignificant 3.9% after the expansion. After the
reform, there was no differential change in the mean cost of care between Massachusetts and
the control states; however, the average length of stay decreased by 1.24 days in Massachusetts
[35]. When accounting for the long-term costs of amputation, there may even be a cost-benefit
with expanded coverage while improving quality of care. However, this study must be taken in
the context of the overall economic climate in which they were conducted. The Massachusetts
study occurred in the middle of the 2008 economic recession, which could have influenced the
primary outcomes in either direction. Furthermore, even though the control states were close
geographically, this does not necessarily account for state-by-state variation in healthcare
ecosystems. Nevertheless, this study does indicate the potential positive effect of expanded
healthcare coverage at a statewide level, though there are many competing factors.

Finally, when considering interventions based on population-based datasets, it is imperative
that the data collection is standardized. Currently, the largest scale studies are from the
Medicare or National Inpatient Sample (NIS) datasets. As noted earlier though, these datasets
have many limitations, least of which is the variation in healthcare ecosystems at the local
level. There are additionally significant differences between reported amputation rates due to
differences in factors such as case identification criteria, whether or not the study focuses on
peripheral arterial disease, diabetics, or both diseases and if the outcome of interest is
amputation or other. Therefore, while racial disparities have been shown, an analysis at a state
level, such as in the Massachusetts study, may shed light on geographic and healthcare
coverage disparities that can be targeted.
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Conclusions
Disparities in healthcare processes and outcomes have been well documented in the United
States. The current body of literature and data analyses show a clear association between race,
coexisting diseases, and the risk of a negative limb outcome. More progress needs to be made
towards improving health in communities by innovative interventions that address the
behavioral, social and environmental determinants of health. Thus, collaborative approaches
that involve strong partnerships between communities, stakeholders, and the healthcare
system are needed for addressing contextual factors influencing health within a defined
geographic, to move towards sustainable initiatives.
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