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Article

Introduction

Diabetic foot ulcer (DFU) is a common sequela of diabetes 
mellitus (DM). DM affects roughly 11.3% of US adults, 
with racial minorities, including African Americans, Native 
Americans, Asian Americans, Hispanic/Latinos, and 
Pacific Islanders, reported to have the highest risk for 
developing DM and associated microvascular complica-
tions including DFU.2,17,23,25 Diabetic neuropathy and 
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Abstract
Background: Racial minorities are more likely to develop type 2 diabetes and experience associated microvascular 
complications. Non-Hispanic Blacks and Hispanics initially present with more severe diabetic foot ulcers (DFUs) and 
peripheral artery disease (PAD), with an associated 10-fold increase in risk for lower extremity amputation within the first 
year after diagnosis. This study was designed to determine if race is associated with a failure to refer to specialists for DFU 
treatment, and the severity of DFU at the time of initial presentation.
Methods: Patients were identified from the medical record based on a diagnosis related to diabetic foot complications 
between January 1, 2018, and June 1, 2023, in the family medicine, endocrinology, orthopaedic, or emergency clinics at a 
Midwest Academic Hospital serving rural and urban populations. Patients self-reported race, demographics, severity of 
ulcer based on Wagner ulcer scale at time of referral, eventual amputation status, and measures of social determinants 
of health including the national Area Deprivation Index (ADI) and Rural-Urban Commuting Area (RUCA) codes were 
manually extracted and analyzed for correlations with referral status.
Results: A total of 597 patients were eligible for inclusion. Race was not associated with lower referral rates (P > .99) 
or source of referral (P = .58) to specialty clinic and ulcer severity at initial examination (P = .34). Patients who initially 
presented to the emergency department had more severe ulcers (P = .016), and higher severity was significantly associated 
with lower limb amputation vs mild ulcers (odds ratio = 38.8, P = .02). No significant differences in referral source or 
severity of ulcer at presentation were seen for sex, age, marital status, insurance type, rural status, ADI, time from referral 
to appointment, or eventual amputation.
Conclusion: In this study, we found that patient race was not associated with severity of DFU at presentation or 
subsequent referral to a Midwest academic specialty orthopaedic clinic for care.

Level of Evidence: Level III, retrospective review.
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peripheral artery disease (PAD) put patients at highest 
DFU risk. In total, approximately 25% of patients with DM 
develop a DFU during their lifetime.1,5,20 DFUs are associ-
ated with increased risk for wound complications, infec-
tion, and need for amputation, and are independent risk 
factors associated with premature death.3,4,12,18 Five-year 
mortality for DFU is comparative to that of cancer patients, 
whereas mortality after lower limb amputation (LLA) sur-
passes that of cancer.4

For DFU patients, efficient referral to a specialist is para-
mount for optimizing treatment outcomes.11,15 When refer-
ral is delayed, patients are at increased risk for developing 
more complex DFUs, often requiring emergent hospitaliza-
tion.17 When wound care and revascularization procedures 
are ineffective or unavailable, LLA becomes necessary; in 
the United States, 11% to 30% of DFU patients undergo 
LLA.3,5,16,19-21 Despite higher rates of DM and associated 
DFU in the African American population, this subset of 
patients is less likely to undergo revascularization proce-
dures, and twice as likely to receive an LLA within the first 
year after diagnosis of DFU.5,7,17,20,25 Further, non-Hispanic 
Blacks and Hispanics initially present with more severe 
DFUs and PAD, with an associated 10-fold increase in risk 
for LLA within the first year after diagnosis.5,20,25 Patients 
who live in rural areas, those with a lower socioeconomic 
status, men, and those without commercial or Medicare 
insurance also face increased risks for LLA.5,11,20,25

Although the high rates and risk factors for DFU-related 
LLAs in minority groups have been well documented, asso-
ciations between referral to an orthopaedic wound specialist 
and social determinants of health (SDOH) in this patient 
population have not been fully characterized. In order to 
improve patient outcomes, it is important to determine if 
race or other SDOH impact referral rates for DFU patients 
to receive specialty care. If non-White race is associated 
with lower rates of referral for specialty care, it will signify 
need for additional education among clinicians to resolve 
disparities. To that end, the goal of this study was to charac-
terize referral rates and associated patient demographics for 
DFU patients presenting to a Midwest academic hospital 
for treatment. This study was designed to determine (1) the 
associations of race and living status with rates of referral to 
specialists for DFU treatment, and (2) the severity of DFU 
at the time of initial presentation.

Materials and Methods

With institutional review board approval (IRB no. 
2097348), electronic medical records (EMRs) were 
searched for family medicine, endocrinology, emergency 
department, and orthopaedic specialty clinic appointments 
coded for diabetic foot ulcer (International Classification 
of Diseases, Tenth Revision [ICD-10], code E11.621). 
Patients were included for analyses when they were at least 

18 years of age, and their DFU clinic visit occurred between 
January 1, 2018, and June 1, 2023, in the family medicine 
(FM), endocrinology, orthopaedic, or emergency depart-
ments (ED) at a Midwest Academic Hospital serving the 
surrounding 26-county area. Patients younger than 18 
years were excluded, or patients who had a diabetic foot 
ulcer as an ancillary finding during other routine care with-
out a plan to discuss or address the ulcer with the patient 
noted in the EMR.

Study Population Variables

Patient demographic information was obtained through the 
EMR, and the following information was extracted: patient 
age, gender, self-reported race, address, insurance informa-
tion, and marital status; initial visit service: FM, endocri-
nology, emergency department (ED), or orthopaedics/
podiatry; and date of referral for specialist treatment for 
DFU. Patients who presented to orthopaedics/podiatry for 
DFU-related concerns without referral were also identi-
fied. Race was defined as White” or race other than White. 
Insurance was characterized into commercial, Medicaid, 
Medicare, and self-pay. Marital status was defined as mar-
ried or not married. The national Area Deprivation Index 
(ADI)22 was collected for each patient based on their 
address,22 with a score closer to 100 representing areas 
with worse socioeconomic disparity.

DFU severity at onset was categorized using the Wagner 
ulcer scale24 (Table 1) when EMR data were available. The 
Wagner severity grades were used to assign patients to rela-
tive severity groups as mild = grade 0-1, moderate = grade 
2-3, or severe = grade 4-5.

Data and Statistical Analysis

Descriptive statistics were calculated to report means, 
ranges, standard deviations, and percentages. Patients were 
first grouped by referral to an orthopaedic specialty pro-
vider for diabetic foot complications (yes or no) and com-
pared based on patient sex, age, marital status (married vs 
not married), insurance category (commercial, Medicaid, 
Medicare, self-pay), and race (White, self-reported race 
other than White). Patients were then grouped based on 
whether they were seen at all at an orthopaedic specialty 

Table 1.  Wagner Classification13 for Diabetic Foot Ulcer.

Grade 0 Skin intact
Grade 1 Superficial ulcer
Grade 2 Deep ulcer
Grade 3 Deep ulcer with abscess, bone involvement, or 

osteomyelitis
Grade 4 Gangrene in the front or on part of limblike toe
Grade 5 General gangrene of the foot
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provider (referred by the FM or endocrinology department 
vs self-referral), and the entire cohort of patients seen at the 
orthopaedic specialty provider was compared to those that 
were not. Chi-square or Fisher exact tests were used to 
assess for significant differences in proportions. Odds ratios 
were calculated when significant differences were identi-
fied. Normality and variance tests were performed, and 
unpaired t tests were used when assumptions were met, and 
ranked sum tests when assumptions were not met, to assess 
differences between cohorts. Statistical significance was set 
a priori at P <.05.

Results

Referral Source

The EMR search identified a total of 685 potentially eligi-
ble patients and 89 were subsequently excluded due to the 
lack of a DFU. Of the 596 patients included in the analysis, 
97 patients (16.3%) were seen at orthopaedic specialty 
clinics. No differences in orthopaedic referral status were 
identified based on race, sex, age, primary insurance payer, 
rural status, or marital status (Table 2). Referral source to 
the specialty clinic (ED/self-referral vs FM or endocrinol-
ogy department) was not significantly different based on 
race (P = .58), rural status (P = .18), marital status (P = 1), 
insurance type (P = .45), age (P = .11), time from referral to 
appointment (P = .45), or eventual amputation (P = .43). 
(Table 3).

Ulcer Severity

Patients who initially presented to the ED and subse-
quently saw an orthopaedic specialty clinic were more 
likely to have more severe ulcers vs mild ulcers (OR 4.4, 
CI 1.62-12.12, P = .004) or moderate severity ulcers vs 
mild ulcers (OR 5.1, CI 1.18-21.91, P = .03) compared to 
patients referred by the FM or endocrinology department. 
Among the 56 patients seen in the ED, 23.2% of the ulcers 
were mild, 57.1% were moderate, and 19.6% were severe. 
For patients initially seen at the FM or endocrinology 
department, 58% (18 of 31) had mild ulcers, with 32.3% 
and 9.7% presenting with moderate and severe ulcers, 
respectively. Of the 10 patients who self-referred or were 
referred by a specialty other than the ED, FM, or endocri-
nology department, 2 were mild, 6 were moderate, and 2 
were severe (Figure 1). Ulcer severity was the only vari-
able analyzed that was significantly associated with subse-
quent LLA, with severe ulcers significantly associated 
with LLA vs mild ulcers at presentation (OR = 38.8, 
P = .02). Moderate ulcer at presentation was not signifi-
cantly associated with eventual LLA vs mild ulcer at pre-
sentation (P = .23). Race was not associated with ulcer 
severity at the time of presentation, as underrepresented 
minorities (URMs) and White patients had similar sever-
ity grades among the different referral sources (P = .34, 
Figure 2), and race was not associated with subsequent 
LLA in this study population (P = .36). Ulcer severity was 
not significantly different based on rural status (P = .20), 

Table 2.  Demographics of the Study Population.a

Total Patients With a Diabetic Foot Ulcer,
n (%) or Mean ± SD

(n = 596)

Total Seen in Orthopaedic Specialty Clinic,
n (%) or Mean ± SD

(n = 97) P Value

Race
  White 522 (87.6) 79 (81.4) .32
  URM 74 (12.4) 18 (18.6)
Sex
  Female 236 (39.6) 37 (38.1) .82
  Male 360 (60.4) 60 (61.9)
Age, y 60.0 ± 12.2 55.9 ± 11.5 .19
Insurance
  Commercial 137 (22.9) 16 (16.5) .053
  Medicare 331 (55.4) 51 (52.6)
  Medicaid 100 (16.9) 25 (25.8)
  Self-pay 28 (4.7) 5 (5.2)
Marital status
  Married 250 (41.9) 39 (40.2) .37
  Not married 346 (58.1) 58 (59.8)

Abbreviation: URM, underrepresented minority.
aThe table includes demographics analyzed, patients with a diabetic foot ulcer seen at the family medicine or endocrinology department, patients who 
were referred to an orthopaedic specialty clinic from family medicine, endocrinology, self-referral, or the emergency department, and P values that 
represent the differences between both groups.
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Table 3.  Demographics of the Patients Seen at Orthopaedic Specialty Clinic With a Diabetic Foot Ulcer.

Total Referred to Orthopaedic 
Specialty Clinic From FM/Endo,

n (%) or mean ± SD
(n = 31)

Total Patients Seen at Orthopaedic 
Specialty Clinic Not Referred by FM/Endo,

n (%) or mean ± SD
(n = 66) P Value

Race .58
  White 24 (77.4) 55 (83.3)
  URM 7 (22.6) 11 (16.7)
Sex .37
  Female 14 (45.2) 23 (34.8)
  Male 17 (54.8) 43 (65.2)
Age, y 56.5 ± 12 55.8 ± 11.3 .11
Insurance .45
  Commercial insurance 6 (19.4) 10 (15.2)
  Medicare 18 (58.1) 34 (51.5)
  Medicaid 7 (22.6) 17 (25.8)
  Self-pay 0 (0) 5 (7.6)
Rural status .18
  Rural 9 (29) 12 (18.2)
  Urban 14 (45.2) 27 (40.9)
  Suburban 8 (25.8) 27 (40.9)
National Area Deprivation Index 66.0 ± 17.9 74.1 ± 15.1 .50
Marital Status P > .99
  Married 12 (38.7) 27 (40.9)
  Not married 19 (61.3) 39 (59.1)
Time from referral to appt 56.7 ± 116.5 44.1 ± 100.3 .45

Abbreviations: FM, family medicine; Endo, Endocrinology; URM, underrepresented minority.

Figure 1.  Number of patients from different referral sources and their grouped ulcer severity score based on the Wagner Scale. 
P = .016.
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sex (P = .85), age (P = .71), marital status (P = .62), state 
ADI (P = .99), national ADI (P = .52), time from referral to 
appointment (P = .25), or insurance type (P = .07).

Discussion

The findings from this study elucidate important patient 
characteristics and influences on specialty referral patterns 
for DFU patients that can affect treatment outcomes. 
Interestingly, referral from the FM or endocrinology depart-
ment were the only variables analyzed that significantly 
affected presentation and specialty referral patterns, and 
DFU severity at presentation was the only factor analyzed 
that was significantly associated with subsequent need for 
LLA. In our patient population, race and other SDOH ana-
lyzed were not significantly associated with specialty refer-
ral, severity of DFU at presentation, or subsequent need for 
LLA. Taken together, these results suggest that specialty 
referral patterns and the associated effects on DFU severity 
and need for LLA for a Midwest academic hospital differ 
from what has previously been reported for more urban cen-
ters. As such, further analyses may identify other aspects of 
the care continuum that could be addressed and generalized 
across settings in order to improve care and outcomes for 
patients at risk for, or affected by, DFUs.

In 1991, Lavery et al13 reported on hospitalization for 
LLA related to DM in the state of California, analyzing 
8169 patients and concluding that African Americans had 
the highest incidence of LLA when adjusting for age. In a 

population of 643,287 patients enrolled in Medicare fee for 
service between 2012 and 2017, Miller et  al20 noted an 
increase in African American individuals receiving LLA 
within a year of DFU diagnosis, but did not find national 
ADI to have a significant influence on the timing of LLA. 
Gibson et al11 performed a retrospective analysis to iden-
tify outcomes of care in patients with DFUs and reported 
that patients using commercial or Medicare insurance who 
received care from podiatrists were significantly older than 
those who did not. DFU patients receiving care from podi-
atrists also had a longer length of time to amputation, sug-
gesting alternative treatment options were provided prior 
to LLA.

Diabetic foot care often begins with primary care provid-
ers to ensure adequate assessment and education. African 
Americans do not use primary care at equivalent rates to 
White patients, leading to higher rates of emergency depart-
ment visits and associated inferior health outcomes.6,9,10 
Although Medicare and Medicaid have reduced systematic 
segregation in medical facilities, the African American pop-
ulation continue to underutilize medical care.9 Limited 
access and medical mistrust among the African American 
community enhances these disparities, and solutions con-
tinue to be explored to reduce this gap.6 Residential segrega-
tion impacts access to private primary care physicians and 
specialists, as many are absent in highly segregated African 
American communities.6 Safety net facilities, commonly 
providing care to Medicaid beneficiaries and the unin-
sured,26 are more likely to be present in the neighborhoods 

Figure 2.  Referral source for those seen at the orthopaedic specialty clinic.
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that are more densely African American, leaving these com-
munities with inferior and less specialized care.6

Interestingly, patients in the present study who were 
referred for orthopaedic specialty care that included podia-
trists did not indicate significant influences of race or other 
SDOH on specialty referral, severity of DFU at presenta-
tion, or need for LLA. This could be explained by limited 
diversity in our patient population compared with those pre-
viously reported, possibly masking a true difference among 
races. Previous studies have occurred in urban populations, 
whereas our facility serves a 26-county rural and urban 
area. If patients are referred, attending appointments may 
be limited because of scant public transportation and dis-
tance needed to travel. This may impact the ability of all 
patients to attend specialty referral appointments.

Community outreach and integration into underserved 
and minority communities may help facilitate closure of 
this health care gap. Mobile medical clinics are an invalu-
able way to build medical trust among racial minorities, as 
patients with DM have been found to visit mobile medical 
clinics more often, highlighting the importance of preventa-
tive care, primary care, and health care screening to ensure 
equitable care among all individuals.8,14,23 Primary care pro-
viders and orthopaedic surgeons should work together as a 
multidisciplinary team to improve clinical outcomes and 
reduce disparities related to DFUs and LLAs. To implement 
this, occasional grand rounds within orthopaedic surgery 
and primary care can be combined to discuss patient refer-
ral, nonsurgical, and surgical treatment options. In our 
patient population, patients in worse socioeconomic dispar-
ity, or higher national ADI, were more likely to be referred 
to foot and ankle specialists from the ED. Having a group of 
medical students, nurses, residents, primary care physi-
cians, and specialty physicians from our institution volun-
teer their time a few times a year to offer free services in the 
higher-ADI communities may help reduce the disparities.

This study was not without limitations. Inherent to a  
retrospective review is the limitation associated with data 
availability and accuracy. This study method is subject to 
confounding and selection bias. Data extraction included 
patients with type 2 diabetes who did not have a foot ulcer or 
who had previously healed ulcers outside of the time frame, 
which were manually reviewed in the chart and excluded by 
researchers. Patients may have primary and secondary insur-
ance, or changes to insurance within the time frame studied. 
Race and ethnicity are self-reported, with some patients opt-
ing out. To reduce this limitation, multiple researchers 
reviewed the data extraction for accuracy and completeness. 
Disease prevalence may vary among regions within the 
United States. Additionally, the Midwestern city where this 
research took place is relatively homogenous and does not 
match the US population racial makeup. As such, results may 
not be supported when this study is conducted in larger, more 
diverse communities. However, the results are representative 

of rural Midwest communities and can be applicable to those 
patient populations. Our study did not account for those who 
died within the study period, whether during hospitalization 
for surgery or other medical comorbidities. Future research 
should include larger cohorts and should examine time to sur-
gery and type of surgery done to examine if difference occurs 
based on race throughout the country. Expanding the popula-
tion scope to include surrounding cities with more heteroge-
neity in their population may also help validate findings.

In conclusion, the results of this study indicate that 
patient race was not associated with severity of DFU at pre-
sentation or subsequent referral to a Midwest academic spe-
cialty orthopaedic clinic for care. In this patient population, 
DFU severity at presentation was the only factor signifi-
cantly associated with subsequent LLA. Future research 
analyzing other SDOH and its impact on DFU and LLA, as 
well as implementing physician involvement in communi-
ties to educate populations on DFU care is needed to 
improve patient outcomes following DFU.
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