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ABSTRACT
Introduction  Rural patients with diabetic foot ulcers, 
especially those identifying as black, face increased risk of 
major amputation. Specialty care can reduce this risk. However, 
care disparities might beget outcome disparities. We aimed 
to determine whether a smaller proportion of rural patients, 
particularly those identifying as black, receive specialty care 
compared with the national proportion.
Research design and methods  This 100% national 
retrospective cohort examined Medicare beneficiaries 
hospitalized with diabetic foot ulcers (2013–2014). We report 
observed differences in specialty care, including: endocrinology, 
infectious disease, orthopedic surgery, plastic surgery, podiatry, 
or vascular surgery. We used logistic regression to examine 
possible intersectionality between rurality and race, controlling 
for sociodemographics, comorbidities, and ulcer severity and 
including an interaction term between rurality and identifying 
as black.
Results  Overall, 32.15% (n=124 487) of patients hospitalized 
with a diabetic foot ulcer received specialty care. Among rural 
patients (n=13 100), the proportion decreased to 29.57%. For 
patients identifying as black (n=21 649), the proportion was 
33.08%. Among rural patients identifying as black (n=1239), 
26.23% received specialty care. This was >5 absolute 
percentage points less than the overall cohort. The adjusted OR 
for receiving specialty care among rural versus urban patients 
identifying as black was 0.61 (95% CI 0.53 to 0.71), which was 
lower than that for rural versus urban patients identifying as 
white (aOR 0.85, 95% CI 0.80 to 0.89). This metric supported 
a role for intersectionality between rurality and identifying as 
black.
Conclusions  A smaller proportion of rural patients, 
particularly those identifying as black, received specialty 
care when hospitalized with a diabetic foot ulcer compared 
with the overall cohort. This might contribute to known 
disparities in major amputations. Future studies are 
needed to determine causality.

INTRODUCTION
Rural patients face an estimated 35% higher 
odds of major amputation following diabetic 
foot ulcers compared with patients living in 
urban areas.1 2 Patients identifying as black 

are twice as likely to undergo a major amputa-
tion compared with those identifying as non-
Hispanic white.3 4 The intersection of these 
social identities amplifies the risk of poor 
outcomes: rural Medicare patients identifying 
as black face a greater than 10% absolute 
increased risk of major amputation or death.3 
Both social determinants of health and health 
system factors may contribute to these dispar-
ities, although we know little about disease-
specific root causes or ultimate solutions.

To investigate the associations between 
social determinants of health and health 
system factors with disparities in major 
amputation, we adopted an intersectionality 
lens.5–8 Intersectionality emerged from black 
feminism as a way to understand and address 
social injustices faced by multiply margin-
alized people.9 Its goal is to improve social 
justice for multiply marginalized people, 
such as rural Americans identifying as black. 
Core tenets include: overlapping identi-
ties, historically oppressed populations, and 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Rural patients, particularly those who identify as 
black, face increased risk of major amputation fol-
lowing hospitalization with a diabetic foot ulcer.

WHAT THIS STUDY ADDS
	⇒ A smaller proportion of these same patients receive 
specialty care for their foot ulcer.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Differences in specialty care might be contributing 
to disparities in major amputations among patients 
with diabetic foot ulcers. Further research on the im-
pact of specialty care on disparities in diabetic foot 
ulcer outcomes is needed.
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social determinants of health.10 These overlaps have 
the capacity to amplify disparities, including healthcare 
disparities.

Our study’s objective was to identify healthcare system 
factors that may be contributing to rural disparities in 
major amputations, particularly among rural patients 
identifying as black. The main factor we investigated was 
inpatient specialty care, as advocated by multiple profes-
sional societies as best practice for those with diabetic 
foot ulcers.11–13 We hypothesize that rural patients hospi-
talized with diabetic foot ulcers receive less specialty 
care when compared with the national overall cohort of 
patients with similar comorbidities and ulcer severities. 
We further hypothesize that differences in specialty care 
particularly impact rural patients identifying as black, 
consistent with our use of an intersectionality lens. We 
restricted our analysis to patients identifying as black 
because our data set contained few rural patients iden-
tifying as Hispanic and concerns for misclassification 
of other racial and ethnic identities.14 Our hypothesis 
is based on (1) The construct of intersectionality, (2) 
Previous Medicare findings that rural Medicare patients 
identifying as black face a 1.24-fold amplified risk of 
major amputation or death following hospitalization with 
a diabetic foot ulcer, and (3) Prior work demonstrating 
that rural patients lack access to specialists.3 9 15 Our hope 
is that this initial study will identify potential differences 
in healthcare that may be contributing to disparities in 
major amputations. Further studies defining a more 
causal relationship will be needed, with the ultimate goal 
of designing interventions to provide equitable health-
care and alleviate disparities in major amputations.

MATERIALS AND METHODS
Data sources
We used a 100% national sample of adult Medicare 
beneficiaries hospitalized between January 1, 2013 and 
December 31, 2014, obtained through the Centers for 
Medicare and Medicaid Services. We required patients 
to be continuously enrolled in Medicare parts A and B 
for 12 months preceding index hospitalization and have 
a geolinkable address. We used five-digit ZIP codes to 
link Medicare data to categorize rurality (Rural-Urban 
Commuting Area, or RUCA, codes) and nine-digit ZIP 
codes to categorize neighborhood disadvantage (Neigh-
borhood Atlas Area Deprivation Index, or ADI).16 17

Study design
We constructed a retrospective, national cohort of Medi-
care beneficiaries hospitalized with diabetic foot ulcers 
by first identifying patients with diabetes based on the 
Chronic Conditions Warehouse (CCW) flag, which is 
based on diabetes-related diagnostic billing codes (eg, 
1 code in inpatient, skilled nursing facility, home health 
claims or 2 codes in hospital outpatient or carrier claims 
within a 2-year window).18 Next, we categorized diabetic 
foot ulcers as early stage (ie, ulcers not complicated by 

osteomyelitis or gangrene), osteomyelitis, or gangrene. 
This was done using a validated algorithm generating 
severity categories that corresponded to hospital length 
of stay, amputation, and mortality.19 We excluded patients 
with incomplete claims due to health maintenance orga-
nization or railroad benefits, as well as those admitted 
to psychiatric or long-term acute care hospitals, due to 
the potential for incomplete claims.20 For patients hospi-
talized more than once, only the first index admission 
was included to maintain statistical independence. We 
used the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) cohort reporting 
guidelines to present our findings.21

Outcome
Our outcome was receipt of specialty care during the 
index hospitalization. This was defined dichotomously 
as being seen by at least one of six specialists identified 
using National Provider and Plan Enumeration System 
Medical Specialty codes/Provider Taxonomy codes: 
endocrinology, infectious disease, orthopedic surgery, 
plastic surgery, podiatry, or vascular surgery (online 
supplemental table 1).22 23 We chose these six specialties 
because they are the most frequent disciplines repre-
sented in published descriptions of multidisciplinary 
teams caring for patients with diabetic foot ulcers as 
identified through systematic review.11 To ensure that the 
specialist provided care for the ulcer, we required them 
to code for it during billing. Endocrinologists were the 
exception. We required endocrinologists to code for 
diabetes during billing instead of the ulcer, since this 
most directly reflected the physiologic aspect addressed 
by their specialty.11

Primary explanatory variables
We investigated two primary explanatory variables: rurality 
and identifying as black. Rurality was captured using 
RUCA codes: urban (RUCA 1, metropolitan area core, 
referent), suburban (RUCA 2–6, metropolitan area with 
commuting and micropolitan areas), and rural (RUCA 
7–10, small town and rural areas) which is based on 
population density, urbanization, and daily commuting 
factors (figure  1).17 24 We operationalized race using 

Figure 1  Map of the contiguous USA identifying ZIP codes 
by the rurality categorization used in our primary analysis.
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Research Triangle Institute codes, where patients iden-
tify as: American Indian/Alaskan Native, Asian/Pacific 
Islander, black/African American (hereafter black), 
Hispanic, other, unknown, and non-Hispanic white 
(hereafter white).25 We focused analysis on patients iden-
tifying as black because of low numbers of rural patients 
identifying as Hispanic and concerns for misclassification 
of other racial and ethnic identities.14

Covariates
Sociodemographic variables included age, sex, receiving 
Medicaid coverage the year prior to hospitalization, and 
neighborhood disadvantage. Neighborhood disadvan-
tage was measured using the ADI, a social determinant 
of health composite construct consisting of 17 census 
block group measures that describe housing, poverty, 
employment and education characteristics.16 More 
disadvantaged neighborhoods have higher national ADI 
rankings. Ulcer severity was operationalized using the 
validated algorithm described above.14 Comorbidities 
were adjusted for using Medicare CCW flags, Elixhauser 
Comorbidity Index variables, and baseline-year Hier-
archical Condition Category (HCC) scores.26 27 Higher 
HCC scores correlate with higher healthcare costs and 
utilization and is commonly used as a proxy for illness 
burden and patient complexity.27 The following comor-
bidities were identified using validated CCW conditional 
categories: myocardial infarction, ischemic heart disease, 
hyperlipidemia, hypertension, and stroke.18 Nine Elix-
hauser comorbidities with <5% prevalence in our cohort 
were consolidated into a single indicator (positive if at 
least one was present).26

Statistical analysis
We described patient characteristics, overall and strat-
ified by both rurality and racial and ethnic identity. 
Capitalizing on the strength of a full US Medicare popu-
lation, we used observed differences in specialty care as 
well as predicted probabilities to explore the intersection 
of rurality and identifying as black on an additive scale 
(testing whether interactions were greater than the sum 
of each, individual effect).28 We used ORs to describe 
the potential role of intersectionality on a multiplicative 
scale (testing whether interactions were greater than the 
product of each, individual effect).28 Because we used a 
full, 100% hospitalized Medicare patient data set, obser-
vations are actual differences between subgroups, not 
estimates; therefore, no tests of statistical differences 
were run.

Our main analysis focused on the primary outcome of 
receiving care from at least one specialist. We performed 
logistic regression, sequentially building models to assess 
how covariates and interactions influence the associa-
tions between rurality and receipt of specialty care. We 
started with univariable analysis (Model 1), then added 
age and sex (Model 2). Model 3 included all sociodemo-
graphic factors. When examining race, we only report 
regression results for patients identifying as black or 

white because (1) Our study’s hypothesis was focused 
on this difference, (2) Our data set contained limited 
numbers of rural patients identifying as Hispanic (n=431) 
and (3) The Research Triangle Institute race variable 
may miscategorize patients identifying as other races.14 
Our fourth model added ulcer severity and comorbidi-
ties. Model 5 included an interaction term between rural 
residence and identifying as black if it met our a priori 
level of significance with a two-sided value of p<0.001. 
For the interaction model (Model 5), ORs and adjusted 
predicted probabilities were calculated by racial identity 
and rurality.28 When reporting predicted probabilities, 
we used a hypothetical patient with the common charac-
teristics of the cohort. We used R software to perform our 
statistical analysis.29

We performed supportive, stratified analyses: observed 
rates of specialty care stratified by ulcer severity to account 
for confounding by indication (eg, patients with more 
advanced ulcers may be more likely to receive specialty 
care). Stratified analysis may begin to identify ulcer 
severity windows or targets for potential future interven-
tions. We also performed secondary analysis, categorizing 
rurality differently using RUCA codes and Census data, to 
ensure our findings with respect to rurality were robust.30 
Specifically, in the secondary analysis rurality was catego-
rized as urban (RUCA codes 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 
7.1, 8.1, 10.1), large rural (4.0, 4.2, 5.0, 5.2, 6.0, 6.1), and 
small rural/isolate (7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 
9.1, 9.2, 10.0, 10.2, 10.3, 10.4, 10.5, 10.6; online supple-
mental table 2).

RESULTS
During the 2-year study period, 124 487 Medicare bene-
ficiaries were hospitalized with diabetic foot ulcers. Over 
half of the cohort was male with a mean age of 72 years, 
and 28.51% identified as a racial or ethnic minority. Of 
the total patients, 13 100 (10.52%) lived in a rural setting. 
Most rural patients identified as white, with a higher 
proportion living in disadvantaged neighborhoods 
and previously receiving Medicaid compared with the 
overall cohort. Prior diagnoses of comorbid conditions 
were slightly lower among rural patients compared with 
the overall population (table 1). Relative to the overall 
cohort, the group of patients identifying as black―
regardless of where they lived―had higher proportions 
of those who: lived in disadvantaged neighborhoods, 
previously received Medicaid, experienced a higher prev-
alence of comorbidities, and received more severe ulcer 
diagnoses (table 1).

Receipt of specialty care
Overall, 40 027 (32.2%) patients saw at least one specialist 
(table  1). A smaller proportion (29.57%) of rural 
patients received specialty care. A higher proportion of 
patients identifying as black (33.08%) received specialty 
care; however, among rural patients also identifying as 
black, the observed proportion receiving specialty care 
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decreased to 26.23%. This was 5.92 absolute percentage 
points less than the overall cohort, more than twice the 
decrease experienced by the general rural population, 
and a 6.85 absolute percentage point decrease from the 
overall population identifying as black.

After controlling for sociodemographic factors, comor-
bidity and ulcer severity, rural patients remained less 
likely to receive specialty care than their urban coun-
terparts (aOR 0.83, 95% CI 0.79 to 0.86; table 2, Model 
4). In the same model, patients identifying as black were 
less likely to receive specialty care than those identifying 
as white (aOR 0.92, 95% CI 0.89 to 0.97). Applying an 
intersectionality perspective, we found a significant inter-
action between identifying as black and rural residence, 
indicating that the intersection of these two social identi-
ties diminished the likelihood of receiving specialty care 
(table 2, Model 5). On the multiplicative scale, the OR 
for rural versus urban patients identifying as black was 
0.61 (95% CI 0.53 to 0.71), which was lower than the 
OR for rural versus urban patients identifying as white 
(aOR 0.85, 95% CI 0.80 to 0.89). On the additive scale, 
the predicted probability of receiving specialty care when 
diagnosed with an early stage ulcer was 8.89 absolute 
percentage points less among rural patients identifying 
as black compared with urban patients identifying as 
black (p<0.05). This rural-urban difference was more 
pronounced than the difference in predicted probabil-
ities of receiving specialty care for rural compared with 
urban patients identifying as white presenting with early 
ulcer, which was only 3.25 absolute percentage points 
(p<0.05; figure 2). In a secondary analysis when catego-
rizing rurality four ways, these results were not substan-
tially changed (online supplemental file 1).

When stratifying by ulcer severity, we observed that 
patients with diabetic foot ulcers complicated by osteo-
myelitis or gangrene were more than twice as likely to be 
seen by a specialist, compared with those with early stage 
disease (figure 3). Rural differences in specialty care also 
became more pronounced; among those with osteomy-
elitis, there was an absolute percentage point decrease 
of 4.83 among rural patients compared with the overall 
cohort. Among those with osteomyelitis, the differ-
ence for those who identified as black compared with 
the overall cohort was 3.5 absolute percentage points. 
Observed differences were particularly pronounced for 
rural patients identifying as black, who experienced a 
16.66 absolute percentage point decrease in specialty 
care when diagnosed with osteomyelitis and a 14.57 
absolute percentage point decrease when diagnosed 
with gangrene, compared with the overall cohort. Given 
specialty care has been associated with reduced risk of 
major amputation, this difference is likely to be clinically 
and statistically significant.11 31

DISCUSSION
We observed lower proportions of specialty care among 
rural patients compared with the overall, national cohort 
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of patients hospitalized with diabetic foot ulcers. The most 
striking disparity was revealed by using an intersection-
ality approach: only 26.23% of rural patients identifying 
as black were seen by a specialist. This was >5 absolute 
percentage points lower than the overall national cohort 
and the overall group identifying as black. It was nearly 
twice the difference experienced by rural patients in 
general. Given the importance of specialty care on limb 
salvage and our conservative comparator group, we think 
a >5% difference is clinically and socially meaningful.

We identified this difference in the hospitalized setting, 
however, the intersection of rurality and identifying 
as black has been associated with decreased access to 
medical treatment across the healthcare continuum.32–34 

Improving access to specialty care for rural patients in 
general might yield profound reductions in major ampu-
tation disparities currently faced by rural patients iden-
tifying as black.11 35 Doing so may require policy shifts 
and programs to address structural inequities within the 
current healthcare system to either attract and retain 
specialists in rural, predominantly black communities or 
facilitate access for rural patients who identify as black 
to urban-based specialists. We also recognize that health-
care system inequities themselves are likely to be rooted 
in more long-standing social injustices. Rural educational 
disadvantages, which are pronounced in school systems 
serving predominantly black communities, are further 
exacerbated by migration patterns.5 Those who remain 
in rural communities often face limited educational 
opportunities that translate into restricted employment 
and health insurance opportunities.5 Local poverty and 
lack of insurance make the financial solvency of commu-
nity hospitals challenging; while 65% of rural Amer-
ican counties are whole or partial health professional 
shortage areas, this percentage rises to 83% among rural 
counties with a majority of residents identifying as black.5 
Addressing disparities at the level of the health system 
may be a partial solution to a much more socially rooted 
problem.

Barriers to specialty care for rural patients hospitalized 
with diabetic foot ulcers regardless of race might include: 
limited access to providers in general and specialists in 
particular—especially infectious disease physicians and 
vascular surgeons. Compounding provider shortages 
are facility closures and an understaffed healthcare 
workforce.1 6 8 36 The majority of multidisciplinary limb 
salvage teams operate in urban, tertiary care centers.11 
Rural patients are likely to have limited access to such 
teams.37 More research is needed to identify the exact 
health system factors driving barriers to care. In addition, 
research on healthcare policy would be useful to help 
curtail rural disparities.6 8 37–40 Currently, our healthcare 
policies favor large populations due to, among other 
things: (1) Financial marketing systems that rely on large 
populations of insured beneficiaries in order to provide 

Table  2 Adjusted ORs (aORs) of receiving specialty care for rural patients and patients identifying as black.

Specialty care,* aOR (95% CI)

Patient characteristic

Model Model variables Rural patients Patients identifying as black

1 Patient characteristic 0.85 (0.81 to 0.88) 1.08 (1.04 to 1.11)

2 Patient characteristic + age + sex 0.83 (0.80 to 0.87) 1.03 (0.99 to 1.07)

3 Rural residence + identifying as black+age + sex + 
sociodemographic factors‡

0.87 (0.84 to 0.91) 1.04 (1.01 to 1.08)

4 Rural residence + identifying as black + age + sex + 
sociodemographic factors‡ + comorbidities + ulcer severity

0.83 (0.79 to 0.86) 0.92 (0.89 to 0.97)

5 Rural residence + age + sex identifying as black + 
sociodemographic factors + comorbidities + ulcer severity + 
interaction (rural residence × identifying as black)

White rural Black rural

0.85 (0.80 to 0.89) 0.61 (0.53 to 0.71)

Figure 2  Predicted probabilities of receiving specialty care 
by social identity were calculated from Model 5 (interaction 
model), specifying the most common patient characteristics 
from this cohort (eg, a hypothetical 72-year-old patient with 
diabetes, hyperlipidemia, and hypertension hospitalized with 
an early stage ulcer).
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services, (2) Prioritization of outcomes on the national 
level, which shifts resource allocation to large population 
centers, and (3) No method of compensating for innate 
efficiencies in remote healthcare settings.6 Policies that 
recognize and respond to these challenges facing rural 
communities have the potential to significantly and 
broadly impact rural disparities, beyond those germane 
to patients with diabetic foot ulcers.

Rural disparities in specialty care were larger for 
patients with advanced ulcers, compared with early stage 
ulcers. This deficit is particularly concerning because 
patients with osteomyelitis or gangrene are (1) At highest 
risk of undergoing major amputation, and (2) May be 
most likely to benefit from specialty care.41 Arguably, this 
is the tipping point at which specialty care is critical for 
limb salvage. Referral systems that prioritize access to 
specialty care based on ulcer severity may be particularly 
useful.3 5 36 Such a system hinges on frontline providers―
primary care providers, urgent care clinicians, emergency 
medicine specialists, and general medicine admitting 
teams―accurately staging ulcers and diagnosing periph-
eral vascular disease.

Despite the strengths of using a complete Medicare 
population, which significantly reduces internal validity 
concerns, some limitations should be noted. First, the 
generalizability of our findings may be limited because 
our data set was largely composed of older adults and 
a Medicare-insured population. Second, our data set 
spanned 2013–2014 and may not reflect current trends. 
Contemporary referral patterns and telemedicine prac-
tices may have shifted access to specialty care, especially 
amid the COVID-19 pandemic.42 However, there is 
evidence that the rural mortality gap, both overall and 
related to diabetes, is increasing.6 43 Third, claims data 

may introduce misclassification bias or underestimate 
comorbidities, especially vascular disease. Vascular disease 
is underdiagnosed and undercoded since less than 25% 
of patients presenting with gangrenous ulcers previously 
carried a diagnosis of peripheral vascular disease.44 These 
gaps may be larger for marginalized patients, including 
rural patients, who interact less with the healthcare 
system and simultaneously have higher rates of smoking 
that serves as a precursor to vascular disease.45–47 It may 
also underestimate or misclassify clinician specialties as 
physicians may register with Medicare after completing 
a general residency but before completing their final, 
specialty fellowships.22 23 Finally, our study investigated 
inpatient healthcare factors that might contribute to 
disparities in major amputations. However, it is unlikely 
that differences in healthcare delivery alone (whether 
delivered in the ambulatory or hospitalized setting) fully 
account for rural disparities in major amputations.48–50 
Future studies should explore additional social determi-
nants of health that may underpin poor outcomes among 
rural patients with diabetic foot ulcers, such as educa-
tional and employment opportunities.

In conclusion, our findings indicate that rural dispari-
ties exist in healthcare delivery for hospitalized patients 
with diabetic foot ulcers. Specifically, a smaller propor-
tion of rural patients receive specialty care. Racial and 
rural social identities overlap to amplify disparities in 
specialty care for rural patients identifying as black. 
Further research is needed to identify specific barriers to 
care and investigate whether addressing them will help 
reduce disparities in major amputations.
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