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Abstract

Objective—The cost of care for diabetic foot ulcers is estimated to be more than $1.5 billion 

annually. The aim of this study was to analyze inpatient diabetic foot ulcer cost changes over time 

and to identify factors associated with these costs.

Methods—The Nationwide Inpatient Sample (2005–2010) was queried using the International 

Classification of Diseases, Ninth Revision codes for a primary diagnosis of foot ulceration. The 

primary outcomes were changes in adjusted total hospital charges and costs over time. 

Multivariable analysis was performed to assess relative increases (RIs) in hospital charges per 

patient in 2005 vs 2010 adjusting for demographic characteristics, income, comorbidities 

(Charlson Co-morbidity Index ≥3), insurance type, hospital characteristics, diagnostic imaging, 

revascularization, amputation, and length of stay.

Results—Overall, 336,641 patients were admitted with a primary diagnosis of diabetic foot 

ulceration (mean age, 62.9 ± 0.1 years, 59% male, 61% white race). The annual cumulative cost 

for inpatient treatment of diabetic foot ulcers increased significantly from 2005 to 2010 
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($578,364,261 vs $790,017,704; P < .001). More patients were hospitalized (128.6 vs 152.8 per 

100,000 hospitalizations; P < .001), and the mean adjusted cost per patient hospitalization 

increased significantly over time ($11,483 vs $13,258; P < .001). The proportion of nonelective 

admissions remained stable (25% vs 23%; P =.32) and there were no differences in mean hospital 

length of stay (7.0 ± 0.1 days vs 6.8 ± 0.1 days; P =.22). Minor (17.9% vs 20.6%; P < .001), but 

not major amputations (3.9% vs 4.2%; P = .27) increased over time. Based on multivariable 

analysis, the main factors contributing to the escalating cost per patient hospitalization included 

increased patient comorbidities (unadjusted mean difference 2005 vs 2010 $3303 [RI, 1.08] vs 

adjusted $15,220 [RI, 1.35]), open revascularization (unadjusted $15,145 [RI, 1.25] vs adjusted 

$30,759 [RI, 1.37]), endovascular revascularization (unadjusted $17,662 [RI, 1.29] vs adjusted 

$28.937 [RI, 1.38]), and minor amputations (unadjusted $9918 [RI, 1.24] vs adjusted $18,084 [RI, 

1.33]) (P < .001, all).

Conclusions—Hospital charges and costs related to diabetic foot ulcers have increased 

significantly over time despite stable hospital length of stay and proportion of emergency 

admissions. Risk-adjusted analyses suggest that this change might be reflective of increasing 

charges associated with a progressively sicker patient population and attempts at limb salvage. 

Despite this, the overall incidence of major amputations remained stable.

Diabetes affects approximately 8% of the U.S. population, or nearly 24 million people in the 

United States.1 Diabetic foot ulcers are a common sequela of the disease and a significant 

cause of morbidity and mortality.2 Ulcer prevalence ranges from 0.65% in patients younger 

than 44 years of age to 1.3% in patients aged 75 years and older,3 and are the result of a 

well-described additive process that involves progressive neuropathy, minor trauma, 

ulceration, faulty healing, ischemia, and infection.4 Frequently, diabetic foot ulcers end in 

amputation; patients with diabetes have a 5-fold increase in odds of needing a limb 

amputation and a 3-fold increase in mortality compared with patients without diabetes.5

Overall, diabetes and diabetes-related problems are estimated to cost the United States $174 

billion annually.1 An analysis of Medicare claims data suggests that the cost of care for 

diabetic foot ulcers, specifically, was more than $1.5 billion annually 15 years ago.6 The rate 

of hospitalization for diabetic foot ulcers has been steadily increasing since that time, and 

thus the current inflation-adjusted costs are likely much higher.3 The relative cost of care for 

a diabetic patient with a foot ulcer is estimated to be 5.4 times greater in the year after 

diagnosis than the cost of care for a similar patient with no ulcer.7 Furthermore, nearly 80% 

of these excess costs can be attributed to inpatient expenditures.6,8,9

Despite the magnitude of the diabetic foot ulcer problem, there are limited data reporting 

related trends in cost changes over recent years. In addition, a breakdown of the cost 

differential for the diagnosis and treatment of diabetic foot ulcers is not currently well 

described. The aim of this study was to analyze inpatient diabetic foot ulcer cost changes 

over time and to identify factors associated with these costs.
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METHODS

Data source and inclusion criteria

The Healthcare Cost and Utilization Project Nationwide Inpatient Sample (NIS) was queried 

for all patients with diabetes who were admitted with a primary diagnosis of foot ulceration 

between January 1, 2005 and December 31, 2010. Eligible patients aged between 18 and 99 

years were identified using the International Classification of Diseases, Ninth Revision 

codes (250.80–250.82, 440.23, 707.13–707.15). Patients with venous hypertension, 

gestational diabetes, or missing information for in-hospital mortality and cost were 

excluded. The Johns Hopkins Hospital Institutional Review Board approved this study prior 

to its initiation. Informed consent was waived as all data was obtained from the NIS, which 

is a publicly available source.

Variables

Data were collected on patient demographic characteristics (age, sex, race, household 

income quartile according to patient residential zip code, and insurance status), admitting 

hospital characteristics (teaching vs nonteaching status, hospital bed size, U.S. census 

region, urban vs rural location), admission details (elective vs nonelective admission, 

hospital length of stay), and relevant secondary diagnoses (critical limb ischemia, gangrene, 

osteomyelitis), diagnostic testing (X ray, computed tomography scan, magnetic resonance 

imaging, diagnostic angiogram), intervention (antibiotic use, endovascular revascularization, 

open revascularization, major amputation, minor amputation), and inpatient charges incurred 

per patient (Supplementary Table I, online only). Age was categorized into three predefined 

groups: 18 to 39 years, 40 to 64 years, and ≥65 years based on previously published reports.7 

Insurance status was classified as “government,” “private/health maintenance organization,” 

or “uninsured.” Standard Charlson Comorbidity Index (CCI) scores (ie, without age 

adjustment) were calculated by using the International Classification of Diseases Program 

for Injury Categorization program.10 CCI scores are typically used to quantify prognosis of 

patients.11 Within our patient cohort, CCI scores were heavily skewed to the right, with a 

mean score of 2.3 and median score of 2. Based on the original article by Charlson et al,11 

increasing patient comorbidity scores are associated with stepwise increases in the 

cumulative mortality attributable to comorbid disease (CCI score “0,” 12%; CCI score “1–

2,” 26%; CCI score “3–4,” 52%; and CCI score “≥5,” 85%.) Therefore, for this analysis, 

CCI scores were dichotomized in to <3 and ≥3 to differentiate patients with mild or no 

comorbidity (scores 0–2) from those with moderate or severe comorbidity (scores ≥3). Other 

relevant comorbid conditions that were evaluated in this study include peripheral vascular 

disease, critical limb ischemia, gangrene, and osteomyelitis. Endovascular revascularization 

included percutaneous transluminal angioplasty and/or stent procedures. Open 

revascularization included inflow bypasses, infrainguinal bypasses, and multilevel bypasses. 

Major amputation was defined as below-knee amputation, knee disarticulation, or above-

knee amputation. Minor amputation was defined as toe or foot amputations.

The main outcomes analyzed in this study were inpatient charges and cost. To obtain 

hospital costs, NIS provides a cost-to-charge ratio (CCR) file that can be merged with the 

core database. Each hospital in the database has one CCR value assigned to it. For the 
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purposes of this study, every patient from a particular hospital was assigned that same CCR. 

By multiplying this ratio with total hospital charges incurred for each patient, cost per 

patient was able to be calculated.

Statistical analysis

Because the NIS is a 20% stratified sample of all short-term, nonfederal, community 

hospitals in the United States,12 applying sampling weights to the analysis allows U.S. 

population estimates to be estimated. Sampling weights calculated and provided by the 

Healthcare Cost and Utilization Project were applied at the beginning of the analysis. The 

study population was stratified in to six groups based on year of admission: 2005, 2006, 

2007, 2008, 2009, and 2010. Patient demographic characteristics, visit, and hospital 

characteristics were analyzed for each year and described using weighted counts and 

proportions for categorical data, and means and standard errors for continuous data. The χ2 

test was used to assess proportional differences in patient demographic characteristics, visit, 

and hospital characteristics across the years, and analysis of variance was conducted for 

comparison of means over the years. An a priori significance level of P < .05 was used. γ 
Distribution was specified in a generalized linear model to adjust for age group, sex, race, 

income quartile, insurance status, hospital teaching status, hospital bed size, hospital region, 

hospital location (urban/rural), critical limb ischemia, gangrene, osteomyelitis, CCI, 

nonelective admission, X ray, magnetic resonance imaging, computed tomography scan, 

antibiotic infusion, any endovascular revascularization, any open revascularization, minor 

amputation, major amputation, log-transformed hospital length of stay, and death, to obtain 

the estimated adjusted mean cost for the treatment of diabetic foot ulcers for each year 

between 2005 and 2010. γ Distribution was used in the adjusted analysis because costs and 

charges were highly skewed, and thus, this enabled the calculation of costs and charges in 

real-world monetary values so that meaningful estimates could be reported.13,14 Year 2005 

was used as the reference year, to which the estimated adjusted mean cost for every 

subsequent year thereafter was compared.

All costs were adjusted for inflation and analyzed in 2010 U.S. dollars.15 Stata version 12.0 

(StataCorp, College Station, Tex) was used for all analyses.

RESULTS

Patient demographic characteristics and admissions

Overall, 336,641 patients were admitted with a primary diagnosis of diabetic foot ulceration 

over the 6-year study period (mean age, 62.9 ± 0.1 years, 59% male, 61% white race). The 

median adjusted total hospital charges changed significantly over time for all patients 

regardless of demographic information, comorbidities, and insurance status (all, P < .001; 

Table I).

Compared with 2005, patients admitted with diabetic foot ulcers in 2010 were sicker (CCI 

≥3, 7.7% vs 22.2%; P < .001) and more frequently presented with osteomyelitis (29.3% vs 

40.4%; P < .001). There were no differences in the proportion of patients presenting with 

critical limb ischemia (20.8% vs 19.1%; P = .15) or gangrene (12.5% vs 13.1%; P = .44). 
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Hospital charges associated with having multiple comorbidities (CCI ≥3) increased from 

$23,082 per patient in 2005 to $30,278 per patient in 2010 (net increase of $7196 per 

patient; P < .001). Per-patient hospital charges similarly increased for osteomyelitis ($28,020 

vs $36,920 per patient), critical limb ischemia ($34,695 vs $47,049 per patient), and 

gangrene ($31,978 vs $42,919 per patient) (all, P < .001; Table I). Hospital charges also 

significantly increased over time (2005 vs 2010) in patients with mild or no comorbidities 

(CCI <3; $21,534 vs $28,531 per patient), and in those without osteomyelitis ($18,711 vs 

$23,525 per patient), critical limb ischemia ($18,795 vs $25,486 per patient), or gangrene 

($20,263 vs $27,045 per patient) (all, P < .001). The proportion of nonelective admissions 

remained stable (25.4% vs 23.2%; P = .32), and there were no differences in mean hospital 

length of stay over time (7.0 ± 0.1 days vs 6.8 ± 0.1 days; P = .22).

Hospital characteristics

Median hospital charges per diabetic foot ulcer admission increased significantly from 2005 

to 2010 for all hospitals regardless of teaching status (teaching hospitals, $22,876 vs $29,639 

per patient; nonteaching hospitals, $20,919 vs $28,131 per patient), or bed size (small, 

$18,229 vs $28,604 per patient; medium $18,407 vs $28,061 per patient; large $23,317 vs 

$29,169 per patient) (all, P < .001). Charges increased for hospitals in urban ($23,318 vs 

$30,662 per patient) and rural ($12,691 vs $18,112 per patient) settings in all geographic 

regions across the country (all, P < .001; Supplementary Table II, online only).

Cumulative hospital costs

The total cumulative hospital cost for inpatient treatment of diabetic foot ulcers between 

2005 and 2010 was $4,152,130,094. The annual cumulative hospital costs for diabetic foot 

ulcers increased significantly from 2005 to 2010 ($578,364,261 vs $790,017,704; P < .001; 

Fig 1). More patients with diabetic foot ulcers were hospitalized over time (50,367 vs 59,588 

patients; P < .001), accounting for a larger proportion of inpatient admissions overall (128.6 

vs 152.8 per 100,000 hospitalizations; P < .001). The mean adjusted cost per patient 

hospitalization increased significantly ($11,483 vs $13,258; P < .001) (Table II).

Trends in diagnostic testing and interventions

The per-patient cost of diagnostic testing and interventions for diabetic foot ulcers increased 

significantly over time (Table III; Supplementary Table III, online only). The cost of 

antibiotic infusion therapy ($30,074 vs $37,860 per patient), open ($45,451 vs $56,117 per 

patient) and endovascular ($42,685 vs $63,007 per patient) revascularization procedures, and 

major ($38,008 vs $53,779 per patient) and minor ($29,928 vs $37,598 per patient) 

amputations all increased over the years (all, P < .001; Table III). Of note, patients 

underwent significantly fewer open revascularizations (7.1% vs 4.7%; P < .001) but more 

endovascular revascularizations in 2010 compared with 2005 (7.1% vs 8.7%; P = .008). 

Minor (17.9% vs 20.6%; P < .001), but not major amputations (3.9% vs 4.2%; P = .27) 

increased over time.
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Factors contributing to relative increases in hospital costs over time

Based on multivariable analysis, the main factors contributing to the escalating cost per 

patient hospitalization for diabetic foot ulcers include increased patient comorbidities (CCI 

≥3), open revascularization, endovascular revascularization, and minor amputations (P < .

001; Fig 2). The relative effects of osteomyelitis, overall trends in diagnostic testing, and 

major amputations did not significantly change over time after risk adjustment (P = not 

significant; Table IV).

DISCUSSION

The cost of care for diabetic foot ulcers was estimated to be more than $1.5 billion annually 

based on 1995 to 1996 Medicare data.6 Because of the increasing prevalence of this disease,
3 the current economic burden of caring for affected patients is significant. Minimal data 

exist that describe recent trends in hospital costs associated with diabetic foot ulcers over 

time. In the current study, we demonstrated that hospital charges related to diabetic foot 

ulcers have increased significantly between 2005 and 2010; that the cost increases are not 

reflective of increases in hospital stay or emergent admissions, and that the cost of treating 

sicker patients increased significantly. We also demonstrated that the overall incidence of 

major amputations has remained stable over time, despite an increased proportion of 

endovascular revascularization and minor amputation procedures.

Based on data from the Centers for Disease Control, hospital discharge rates related to 

diabetes have decreased by more than half from 1988 to 2009.3 In contrast, we report a 

nearly 20% increase in admissions for patients with a primary diagnosis of diabetic foot 

ulceration between 2005 and 2010 alone. These paradoxical findings might be reflective of 

an increasing understanding of the morbidity of foot ulcers, or the increased availability of 

limb salvage techniques including revascularization procedures with local wound care and/or 

minor amputations. There has been an increasing movement to improve patient and provider 

education on the diagnosis and management of diabetic foot ulcers, including a push for 

integrated limb salvage teams in a number of large academic centers.8,16–24 

Multidisciplinary approaches to prevention, surveillance, and management of diabetic 

patients have been shown to effectively reduce major amputation rates by as much as 80%, 

particularly with the use of aggressive revascularization strategies.23,25,26 Because 

approximately 50% of the costs related to diabetic foot ulcerations are related to 

hospitalizations and amputations,27 such a multidisciplinary approach is now becoming the 

standard of care.28

Consistent with this notion, Goodney et al recently demonstrated that the rates of lower 

extremity endovascular interventions among Medicare beneficiaries increased significantly 

between 1996 and 2006, and open revascularization rates decreased by nearly half.29 We 

similarly found that among patients admitted with diabetic foot ulcers, endovascular 

revascularization procedures were performed more frequently in 2010 compared with 2005, 

but the proportion of open procedures decreased significantly. However, the incidence of 

major amputations appears to have remained stable over time within the diabetic population, 

compared with a 25% decrease in major amputations that has been reported in the overall 

Medicare population.29 This difference could be a reflection of the fact that the NIS includes 
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patients of all age ranges, including those younger than 65 years of age who would have 

been excluded from the Medicare analysis, and/or our focus on a diabetic population. 

Goldberg et al cited amputation rates ranging between 24.4 to 48.0 per 1000 high-risk (≥3 

comorbidities) diabetic patients within the Medicare population,30 which is similar to the 

4.2% incidence of major amputations that we report. In addition, Anderson et al previously 

reported a relatively stable amputation rate between 1980 and 2000 despite significant 

increases in endovascular interventions using NIS data,31 which is consistent with our 

findings. Whether the stable incidence of major amputations in the setting of increasing 

minor amputations, vascular interventions, and hospital care that we report is a reflection of 

a lack of effect of limb salvage attempts or a sicker patient population is difficult to 

determine. Although hospital charges increased for patients with high (≥3) and low (<3) CCI 

scores, increased patient comorbidities was found to be one of the main factors contributing 

to the escalating cost per patient hospitalization in multivariable analysis. Certainly patients 

had more comorbidities and presented more frequently with osteomyelitis in 2010 compared 

with 2005, but a cause-and-effect relationship cannot be determined based on the data that 

are available for analysis in the NIS. Further studies investigating longitudinal trends in 

diabetic foot ulcer presentations over time are warranted to better address this important 

question.

In addition to confirming that the use of endovascular interventions has been increasing, we 

also demonstrated that this increase is associated with a significant increase in cost per 

patient hospitalization. Whether this increase is a reflection of increasing device costs, 

increases in the number of devices used per procedure, or other factors cannot be determined 

from this database. Minimal data exist reporting on the economic effect of limb salvage.22 A 

number of studies have examined the theoretic cost savings of a limb salvage team using 

Markov modeling, but all of them focused on early ulcer prevention strategies such as 

patient education, routine foot care, and proper foot care in their estimates, rather than 

performance of limb-salvage procedures specifically.32–36 Lower extremity amputations 

account for a disproportionately high portion of inpatient hospital costs related to diabetic 

ulcers,8 which is the impetus behind the limb salvage team concept. Although 

revascularization procedures, advanced wound care, and multimodal surveillance is 

recognized as expensive, the avoidance of costly major amputations is proposed as a means 

of reducing long-term costs.22 The cost of curative ulcer care has been shown to be 

anywhere from five to 30 times greater than the cost of preventive care depending on the 

severity of disease.37 However, our data suggest that the major short-term factors 

contributing to increasing costs of ulcer care include a progressively sicker patient 

population and increasing charges associated with limb salvage, rather than the inpatient 

charges associated with major amputation. In fact, the adjusted relative increase in hospital 

costs associated with major amputation was actually lower than the unadjusted costs in our 

study, suggesting that the unadjusted increases in costs associated with major amputation are 

attributable to other patient-, hospital-, or treatment-level variables included in the 

multivariable model. Treatment costs for diabetic foot ulcers are high regardless of 

amputation, totaling more than $13,000 per patient hospitalization as of 2010.

Of note, although we report a steady increase in hospital charges and admissions related to 

diabetic foot ulcers over time, the proportion of emergency admissions and overall hospital 
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lengths of stay were stable. This was an unexpected finding based on previous reports 

suggesting that hospital length of stay is one of the most important factors affecting diabetic 

foot ulcer inpatient costs.17,36–39 Although one could argue that the trends we report reflect 

improvements in ulcer recognition, which would explain why hospital length of stay was 

largely unchanged, admitted patients had a progressively greater incidence of osteomyelitis 

over time. The reason for this trend is currently unclear, especially with the recent advocacy 

for improved diabetic care involving providers at all levels. Certain socioeconomic or 

insurance factors might play a role. In a study of nearly 700,000 patients with lower 

extremity ischemia, Eslami et al report a greater frequency of lower extremity amputation in 

nonwhite, low-income patients without commercial insurance.40 The authors attributed their 

findings to a lack of adequate primary care and/or vascular surgery access in disadvantaged 

populations. Consistent with this notion, we noted a significant association between hospital 

costs and patient health status; sicker patients had greater ulcer-related hospital costs, 

suggesting a possible association between poor access to primary care and more advanced 

disease. Increased hospital costs are likely reflective of an increased need for multimodal 

treatment in this group. There is an incremental increase in hospital utilization with 

increasing severity of ulcer disease,9,39 although the true effect of access to care on the 

epidemiology and costs of diabetic foot ulcers is unknown.

The limitations of our study include its retrospective design, use of a national database, and 

cost analysis based on administrative data. As is true for any study that depends on the 

accurate collection of data from a wide range of institutions, missing and inaccurately 

recorded information or variations in recognition and coding of certain diagnoses over time 

are possible. In addition, the deidentified nature of a national database precludes us from 

tracking patients who had multiple diabetic foot ulcer admissions over the study period. The 

NIS is the largest record of inpatient health care data in the United States and uses extremely 

strict data entry requirements,12 and our cohort size of >330,000 patients helps minimize 

potential errors that could result from missing data. Furthermore, diabetic foot ulceration is 

not strictly a disease of the elderly. Diabetic patients between 45 and 54 years of age have 

previously been identified as a high-risk population with an increased risk of amputation.41 

Although other administrative databases, such as the Medicare database, might have more 

longitudinal data, the NIS captures national cost data for patients of all ages. Another 

limitation is that our cost analysis is based on hospital costs and charges that cannot capture 

specific procedure-level data, leaving us to make certain assumptions about the effect of 

diabetic foot ulcer treatment based on multivariable modeling and other techniques. 

Furthermore, we were unable to capture costs associated with outpatient and posthospital 

subacute and rehabilitation care using NIS data. However, the results of our analyses that 

focus on the costs of inpatient diabetic foot ulcer care are useful for formulating future 

studies that can more directly assess patient- and hospital-level costs using institutional data 

that allow for a more detailed cost breakdown.

CONCLUSIONS

Hospital costs associated with diabetic foot ulcers are extremely high and increasing over 

time despite stable hospital length of stay and proportion of emergency admissions. Risk-

adjusted analyses suggest that this change might be reflective of increasing charges 
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associated with a progressively sicker patient population and revascularization aimed at limb 

salvage. Despite this, the overall incidence of major amputations remained stable. Limb 

salvage approaches that focus on ulcer prevention and early diagnosis might be more cost 

effective than aggressive treatment and revascularization of patients with advanced disease, 

because the latter approach poses a significant economic cost burden. Further studies 

assessing the association between inpatient diabetic foot ulcer costs and outcomes are 

needed to formally address the efficacy of this approach.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Risk-adjusted annual cumulative costs for inpatient treatment of diabetic foot ulcers in the 

United States increased significantly from 2005 to 2010 (P < .001).
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Fig 2. 
Multivariable risk-adjusted analysis demonstrated that the main factors contributing to the 

escalating cost per patient hospitalization for diabetic foot ulcers included increased patient 

comorbidities, open revascularization, endovascular revascularization, and minor 

amputations (P < .001). Osteomyelitis, diagnostic testing, and major amputations did not 

significantly affect cost increases after risk-adjustment (P = not significant).
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Table IV

Multivariable analysis of factors contributing to relative increases in per-patient hospital costs from 2005 vs 

2010

Mean cost difference 2005 vs 2010 Relative increase in cost 2005 vs 2010

Unadjusted Adjusted Unadjusted Adjusted

CCI ≥3 $3303 $15,220 1.08 1.35a

Osteomyelitis $11,244 $13,852 1.28 1.3

Any diagnostic test $16,775 $22,876 1.31 1.34

Open revascularization $15,145 $30,759 1.25 1.37a

Endovascular revascularization $17,662 $28.937 1.29 1.38a

Minor amputation $9918 $18,084 1.24 1.33a

Major amputation $23,794 $24,996 1.45 1.35

CCI, Charlson Comorbidity Index.

Adjusted models control for age group, sex, race, income quartile, insurance status, hospital teaching status, hospital bed size, hospital region, 
hospital location (urban/rural), critical limb ischemia, gangrene, osteomyelitis, CCI ≥3, nonelective admission, X ray, magnetic resonance imaging, 
computed tomography scan, antibiotic infusion, any endovascular revascularization, any open revascularization, minor amputation, major 
amputation, log-transformed hospital length of stay, and death.

a
P < .001 for adjusted vs unadjusted relative increase in cost.
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