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Abstract
Purpose of Review Diabetes mellitus is a chronic medical condition affecting many individuals worldwide and leads to bil-
lions of dollars spent within the healthcare system for its treatment and complications. Complications from diabetes include 
diabetic foot conditions that can have a devasting impact on quality of life. Diabetic foot ulcers and amputations occur in 
minority individuals at an increased rate compared to White individuals. This review provides an update examining the racial 
and ethnic disparities in the management of diabetic foot conditions and the differences in rates of amputation.
Recent Findings Current research continues to show a disparity as it relates to diabetic foot management. There are novel 
treatment options for diabetic foot ulcers that are currently being explored. However, there continues to be a lack in racial 
diversity in new treatment studies conducted in the USA.
Summary Individuals from racial and ethnic minority groups have diabetes at higher rates compared to White individuals, 
and are also more likely to develop diabetic foot ulcers and receive amputations. Over the last few years, more efforts have 
been made to improve health disparities. However, there needs to be an improvement in increasing racial diversity when 
investigating new therapies for diabetic foot ulcers.

Keywords Diabetes · Diabetic foot ulcer · Race · Disparities · Health equity

Introduction

Diabetes mellitus is a chronic illness often accompanied 
by peripheral vascular disease affecting many individuals 
worldwide. By 2040, it is projected that 642 million people 
on the planet will have diabetes, about 10% of the world’s 
population [1•]. The risk of patients with diabetes develop-
ing diabetic foot ulcers (DFU) is 15 to 25%, with reoccur-
rence rates at 5 years increasing dramatically, up to 50 to 
70% [2]. In the USA, billions of dollars are spent in direct 
costs, for the treatment of diabetes and its complications, and 
in indirect costs, such as a patient’s inability to work, lead-
ing to disability and premature mortality [3]. About 20% of 
severe diabetic foot infections result in some type of amputa-
tion. Patients with diabetes who have had a foot ulcer are two 
times more likely to die at ten years compared to patients 
with diabetes who have never had an ulcer [4]. There is an 

increased prevalence of diabetes among individuals from 
minority groups, and research continues to demonstrate dif-
ferences in rates of DFU and amputation compared to White 
individuals [5••].

Race, Ethnicity, and Disparity

In discussing racial and ethnic disparities in managing dia-
betic feet, the concepts of race and health disparities must be 
explored. Race is a social construct and does not have a sci-
entific foundation [6]. It groups individuals based on physi-
cal characteristics like skin color through self-identification 
and by third-party observation [7]. Moreover, ethnicity 
encompasses the cultural norms, values, and behaviors that 
connect groups based on shared culture and language [8•].

Based on the definition provided by the Centers for Dis-
ease Control and Prevention, health disparities “are differ-
ences in health outcomes between groups that reflect social 
inequalities” [9]. While there is no genetic basis for defining 
race, race and ethnicity are essential to consider because 
they significantly influence racial stratification, which 
plays a role in access to care, treatment, bias, and racial 
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discrimination and racism [8•]. These factors contribute to 
the health disparities that exist and, thus, the differences in 
the management of diabetic feet among different racial and 
ethnic groups.

Racial Disparities in Diabetic Feet 
Prevalence, Incidence, Risk Factors, 
and Mortality

Racial and ethnic minorities have a higher rate of diabetes 
than White people [5••]. White adults have the lowest preva-
lence of diabetes; the prevalence is estimated at 7.3% for 
females and 9.4% for males. For African American adults, 
the estimated prevalence is 14.7% for females and 13.4% 
for males. Hispanic adults have a prevalence of 15.1% and 
14.1%, and for Asian adults, the rates are 12.8% and 9.9% 
for males and females, respectively. Native American and 
Alaska Native adults have the highest prevalence, 14.9% and 
15.3% for males and females, respectively [10•]. Therefore, 
there is a higher incidence of DFUs and amputations in indi-
viduals from minority backgrounds [11].

Diabetic foot osteomyelitis occurs in about 20 to 
60% of DFUs [12•]. According to Winkler et al., who 
conducted a retrospective study with 583 patients who 
developed diabetic foot osteomyelitis, they found that 
hindfoot diabetic osteomyelitis increases the risk for a 
major amputation five fold when compared to forefoot 
diabetic osteomyelitis [12•].

According to a review completed by Rossboth et al., the 
risk factors that have been associated with developing dia-
betic foot diseases across the literature include male gender, 
poor glycemic control, peripheral neuropathy, retinopathy 
and nephropathy, insulin use, duration of diabetes, smok-
ing, and height. The authors concluded that glycemic control 
and smoking are the modifiable risk factors associated with 
diabetic feet continuously cited in studies [13•].

Racial Disparities in Diabetic Feet 
Management

Many studies have stressed the importance of using a multi-
disciplinary team in leading to better outcomes for patients 
with diabetic foot conditions [5••, 14•, 15]. Diabetic foot 
conditions include foot ulcerations, Charcot neuroarthropa-
thy, infection, and osteomyelitis, which require antimicro-
bial treatment, debridement, the need for hospitalization, 
revascularization procedures, and, unfortunately, in extreme 
cases, amputation (Table  1). Other techniques used to 
improve oxygenation and promote healing in diabetic foot 
conditions include hyperbaric oxygen therapy, far infrared 
energy, recombinant proteins and growth factors, and using Ta
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biomaterials like self-assembling peptides [16, 17•, 18, 19•]. 
Methods have also been investigated to promote the healing 
of chronic wounds using different types of dressings such as 
hydrogel dressings, film dressings, foam dressings, hydro-
colloid dressings, and alginate dressings that have various 
levels of efficacy [20••].

Diabetic foot ulceration is a multifactorial process due 
to complications of neuropathy (peripheral, autonomic, 
and motor), vascular disease, immunodeficiency, and 
uncontrolled blood glucose and occurs in 15% of patients 
with diabetes. DFUs is often managed with local debride-
ment, nonweightbearing status, and frequent dressing 
[1•].

Unfortunately, patients with diabetes have hypoimmun-
ity, and diabetic foot ulcers often lead to infection [20••]. 
Diabetic foot infections are due to risk factors such as deep 
ulcers, ulcers existing for more than 30 days, a history of 
recurrent ulcers, traumatic injuries, and concurrent vascu-
lar disease [1•]. Often resulting in hospitalization, these 
patients must undergo consistent monitoring of lab values 
(e.g., CBC, ESR, CRP, renal and hepatic function). Based 
on the severity of the infection, the steps taken can vary. 
Superficial infections involve surgical debridement, moist 
dressing, and nonweightbearing status with antibiotics until 
resolution. Treatment for moderate infections requires an 
escalation in management, prompting immediate hospitali-
zation plus the protocols for superficial infections. Severe 
infections include all the treatment modalities, with early 
surgical intervention being pivotal [1•].

Osteomyelitis develops when a diabetic foot infection has 
progressed to involve the periosteum, cortex, and medullary 
bone. This requires hospitalization and extensive monitoring 
with resection of infected bones or proximal-level amputa-
tion with antibiotic therapy [21•].

A lack of access to care for racial and ethnic minorities 
influences the increase in prevalence of ulcer diagnosis at a 
more severe stage and the risk of hospitalization for diabetic 
foot ulcer. When controlling for DFU incidence, Black and 
Hispanic individuals are less likely to receive revasculariza-
tion procedures, benefit from limb preservation efforts, and 
more likely to receive amputations than White individuals 
[9].

Diabetic foot infection is a serious complication and 
accounts for half of all cases of lower limb amputations [22]. 
Therefore, ongoing research is being completed to advance 
the treatments for diabetic foot conditions. Mahdipour et al. 
attempted to analyze the roles of recombinant proteins and 
growth factors in managing diabetic foot ulcers to evalu-
ate their efficacy. The authors concluded that the epidermal 
growth factor showed the most use in improving the heal-
ing of diabetic foot ulcers but also asserted that the studies 
examined contained methodological flaws, making it dif-
ficult to ascertain clear conclusions [23•].

Given the devasting effects diabetic foot conditions have 
on both the quality of life of patients and the healthcare sys-
tem, there is a crucial push to develop and explore innovative 
treatments to improve the outcomes of these morbid condi-
tions. Despite the emphasis in recent years to address racial 
and ethnic disparities, there continues to be a gap in research 
studies to create more racially diverse research cohorts, and 
new treatments for diabetic foot conditions are no exception 
[24]. A study conducted by Athonvaragnkul et al. investigated 
the role of far infrared energy in improving peripheral circula-
tion with a cohort of 32 participants, with only five being non-
White [17•]. While this is one of the few studies conducted in 
the USA that explore new therapies, there are distinct social 
and economic factors to consider based on the history of this 
country [25••]. Therefore, it is vital to acknowledge the groups 
that are disproportionately affected by more severe presenta-
tions of diabetic foot conditions and make efforts to include 
those individuals in novel studies. It is imperative to empha-
size that there are no clear guidelines on using race, ethnicity, 
and ancestry [26••]. Including these groups is not to compare 
the biological or genetic differences related to new treatment 
but rather to be more mindful of the impact that race and eth-
nicity have on access to resources and treatment.

Racial Disparities in Amputation Rates

A lower extremity is amputated due to diabetes every 20 s 
[27•]. Amputations of the lower limb negatively affect a 
patient’s quality of life and are a tremendous financial bur-
den, including costs for rehabilitation, prosthetic creation, 
management, and maintenance. While this can be difficult 
for any patient, it is more devasting for individuals from 
vulnerable populations as it significantly changes the psy-
chosocial, functional, and economic aspects of their lives 
[28]. Lower extremity amputations (LEA) occur at higher 
rates in racial and ethnic minority groups, for people with 
low socioeconomic status, and in geographically vulnerable 
areas like rural areas without access to specialist care [5••].

As it relates to amputations secondary to diabetic com-
plications, it is well documented that health disparities exist 
among individuals in racial and ethnic minority groups. 
Diabetic-related amputations are two to four times more 
likely to occur in Black, Native American, Hispanic, and 
other ethnic minority groups than in non-Hispanic White 
patients [5••]. They are more likely to have complications 
and a lower survival rate [25••]. Studies have been con-
ducted to analyze the differences in rates and levels of ampu-
tation (Table 2).

Lavery et al. studied 8169 hospitalizations for LEA in Afri-
can Americans, Hispanics, and non-Hispanic Whites, finding 
that more amputations occurred in African American people 
(61.6%) and Hispanic people (82.7%) than in non-Hispanic 
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White people (56.8%) (p < 0.001). The authors also stated 
that more proximal amputations were seen in African Ameri-
cans compared to Hispanic and non-Hispanic White people 
(p < 0.001) [29]. It is important to note that more proximal 
amputations require a higher demand on the cardiovascular 
and pulmonary systems for prosthetic gait [30•]. There is also 
a strong correlation between the level of amputation and pros-
thesis use. Individuals with below-knee amputations are more 
likely to ambulate with or without a prosthesis than those with 
above-knee amputations [31•]. The capacity to regain the skill 
of walking is vital to improving a person’s quality of life, such 
as their ability to participate in social activities and prevent 
metabolic bone disease due to immobility [30•].

The disparities among African American individuals 
compared to White individuals were consistent with the 
results concluded by Resnick et al., analyzing 14,407 sub-
jects in the National Health and Nutrition Examination 
Survey Epidemiologic Follow-up Study. Black partici-
pants with diabetes were more likely to receive LEAs than 
White participants but the difference is only significant 
for the incidence of diabetes mellitus (3.4% vs. 1.4%, 
p = 0.02) as opposed to the prevalence of diabetes mel-
litus, which was not statistically significant. The study 
also showed that the locations of LEAs were distributed 
similarly between White and Black participants [32].

Young et al. documented 3289 individuals had an LEA 
within the U.S. Veterans Affairs (VA) Health Care System 
during 1998. Of the patients included in the study, Native 
American participants (RR 1.74, 95% CI 1.39–2.18), fol-
lowed by Black (RR 1.41, 95% CI 1.34–1.48), and Hispanic 
participants (RR 1.28, 95% CI 1.20–1.38), had the highest 
risk of LEA compared with White participants. Regarding 
the level of amputation, it was noted that Asian participants 
were more likely to receive toe amputations than White and 
other participants; Native American participants were more 
likely to receive BKAs [33].

The results of a study completed by Feinglass et  al. 
showed that 65.9% of African American patients with diabe-
tes (OR 1.69, 95% CI 1.11–2.56) compared to 53.1% White 
or other race patients underwent primary amputations. The 
authors concluded that because African American people 
without diabetes have greater racial and ethnic differences in 
amputation levels than those among patients with diabetes, 
it demonstrates that both diabetic and non-diabetic Afri-
can American individuals who undergo amputation are at 
equally increased risk for primary and repeat amputation 
and supports the conclusion that diabetes prevalence does 
not drive racial differences [34].

Tan et al. reviewed 92,929 Medicare beneficiaries with 
DFUs and/ or DFIs. Black (HR 1.9, 95% CI 1.7–2.2) and Native 
American (HR 1.8, 95% CI 1.3–2.6) beneficiaries were at an 
increased risk of major amputation compared to White benefi-
ciaries. The authors discovered that beneficiaries diagnosed by 

a podiatrist or primary care physician or at an outpatient visit 
were less likely to receive a major LEA [35•].

From 2009 to 2017, there were 112,713 patients with 
diabetes-related discharges in the USA had a minor or major 
LEA. Black (OR 1.12, 95% CI 1.08–1.16), Hispanic (OR 1.24, 
95% CI 1.19–1.29), and Native American (OR 1.32, 95% CI 
1.16–1.50) patients were more likely to experience a major 
amputation compared with Whites. Native Americans were 
more likely to have a minor (toe and foot) amputation compared 
with Whites (OR 1.26; 95% CI 1.167–1.36) [36•].

Miller et al. evaluated 68,633 Medicare fee-for-service 
beneficiaries with a DFU who experienced an LEA within a 
5-year study time and discovered that there was an increase 
in the proportion of Black/African American individuals 
who received an LEA after DFU; they are more likely to 
have an amputation within the first year after a DFU com-
pared to non-Hispanic White individuals (OR 2.18, 95% CI 
2.13–2.23) [25••].

In summary, there continues to be differences in amputa-
tion rates between racial and ethnic minority groups. Non-
White individuals are more likely to receive more proximal 
or aggressive amputations than White individuals, regard-
less of diabetes mellitus status. African American patients 
without diabetes mellitus continue to be at an increased 
risk of primary and subsequent amputations compared to 
White individuals. These findings highlight the increased 
amputation rates among African American and other non-
White racial groups compared to White individuals, even 
after excluding diabetes prevalence.

Future Directions

As with any medical condition, it is important that diabetic foot 
conditions are managed using a multidisciplinary approach 
[20••]. Recently, qualitative studies have been conducted to 
develop a deeper understanding as to why the disparities in dia-
betic foot conditions exist, and what the barriers are to obtain-
ing proper care among minority groups. This is a multi-level 
issue that requires intervention at various points of entry within 
the healthcare system. Efforts should be made to improve 
health literacy, relationships with providers, and access to qual-
ity and effective medical care and services [37••].

Conclusions

While there continues to be improvement in the management 
of diabetic foot, there is a dire need to address the racial and 
ethnic disparities that exist. Future efforts must be made to 
improve the diversity in patient participation when inves-
tigating novel approaches to treat diabetic foot ulcers and 
other conditions.
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