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Abstract

Aims: Our primary objective was to determine whether all-cause rates of mortality and resource 

utilization were higher during periods of diabetic foot ulceration. In support of this objective, 

a secondary objective was to develop and validate an episode-of-care model for diabetic foot 

ulceration.

Methods: We evaluated data from the Medicare Limited Data Set between 2013 and 2019. We 

defined episodes-of-care by clustering diabetic foot ulcer related claims such that the longest time 

interval between consecutive claims in any cluster did not exceed a duration which was adjusted to 

match two aspects of foot ulcer episodes that are well-established in the literature: healing rate at 

12 weeks, and reulceration rate following healing. We compared rates of outcomes during periods 

of ulceration to rates immediately following healing to estimate incidence ratios.

Results: The episode-of-care model had a minimum mean relative error of 4.2% in the two 

validation criteria using a clustering duration of seven weeks. Compared to periods after healing, 

all-cause inpatient admissions were 2.8 times more likely during foot ulcer episodes and death was 

1.5 times more likely.
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Conclusions: A newly-validated episode-of-care model for diabetic foot ulcers suggests an 

underappreciated association between foot ulcer episodes and all-cause resource utilization and 

mortality.
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Prevention

1. Introduction

Defining episodes-of-care is an important and evolving part of modern healthcare 

economics. Traditionally, there have been two approaches for defining episodes-of-care. 

The first evaluates care included beyond an initial event or procedure to include associated 

aftercare within a predefined time window. The second approach collects care-related 

information over a period of time for a specific chronic condition identified by a set of 

administrative codes.

While these approaches are useful, they are inadequate for more complex chronic conditions 

where care extends beyond an initial event and may be associated, in part or whole, 

with a broad set of administrative codes. In such cases, a simple attribution of the 

resource utilization directly related to the chronic condition is incomplete, limiting the 

applicability of these approaches. Diabetic foot ulcers (DFU) are a condition for which a 

more comprehensive approach for estimating episodes-of-care is needed to properly assess 

and attribute economic burden.

While several methods have been validated to estimate prevalence of DFU from 

administrative data, we are unaware of any validated method for estimating DFU incidence 

or episodes-of-care.[1] Furthermore, several studies of DFU and its association with 

mortality suggest that foot ulceration may not be an innocent bystander of a multi-morbid 

disease process but instead an accomplice, complicating attribution of resource utilization 

and costs. A meta-analysis by Saluja and colleagues synthesized data from 11 studies 

that reported 84,000 all-cause deaths in approximately 450,000 participants with diabetes 

over 650,000 person-years. These authors found that foot ulcers were associated with a 

substantial increase in risk for all-cause mortality (pooled RR = 2.45).[2]

The purpose of the present investigation is two-fold: (1) to validate a claims-based episode-

of-care model for DFU; and (2) to apply this model to determine whether the rates of 

significant healthcare economic outcomes, such as all-cause mortality and all-cause inpatient 

admissions, are higher during DFU episodes-of-care.

2. Materials and methods

2.1. Study design, approval, and reporting

This was a cohort study of administrative data collected between 2013 and 2019. It was 

reviewed by the Biomedical Research Alliance of New York (BRANY) Independent Review 

Board (IRB) and determined to be exempt because the data were previously collected, are 
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deidentified, and are publicly-available. This research was also subject to the Medicare 

limited data set (LDS) data use agreement (DUA). BRANY IRB granted a waiver of 

informed consent because contact with beneficiaries is not permitted under the LDS DUA.

This study followed the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) reporting guideline.[3]

2.2. Data provenance and population

This was a population-based study. We used inpatient institutional, outpatient institutional, 

and provider fee-for-service (carrier) claims data from the Medicare LDS sample from 

2013 to 2019. The LDS consists of publicly-available and deidentified data on physician-

beneficiary and institution-beneficiary interactions within the United States. Our data 

contained claims spanning 11,638,371 beneficiary-years for 3,982,684 unique Medicare 

beneficiaries. We analyzed 379,731,127 medical claims, each of which had 2.9 associated 

diagnosis codes on average.

2.3. Episodes-of-care definition

We defined DFU episodes-of-care by grouping clusters of DFU-related claims such that 

the longest time interval between consecutive claims in any cluster did not exceed a 

predefined clustering duration. A claim was judged to be DFU-related if it contained any 

of the following diagnosis codes (see also eTable 1), irrespective of the order in which the 

diagnosis code was listed on the claim: ICD-9 (707.10, 707.14, 707.15, 707.19, 707.9), and 

ICD-10 (E08.621, E09.621, E10.621, E11.621, E13.621). These codes are consistent with 

those used by Harrington and colleagues,[4] whose method for estimating DFU prevalence 

was independently found to have 94% sensitivity and 91% specificity.[1] We only included 

patients with a history of diabetes mellitus, consistent with the Charlson Comorbidity 

definition. Only those episodes with more than one associated DFU-related claim were 

considered.

2.4. Model adjustment and validation

We adjusted the episode-of-care clustering duration to match two aspects of DFU episodes 

that are well-established in the literature.

Fife and colleagues[5] reported 12 week DFU healing rates at 30.5% based on data from the 

U.S. Wound Registry (USWR), a source of real-world data for wound healing. The Centers 

for Medicare and Medicaid Services (CMS) has designated USWR to be a Qualified Clinical 

Data Registry (QCDR). We compared percentages of DFU episodes shorter than 12 weeks 

to this 30.5% benchmark.

We also compared the reulceration rates at one, two, and three years post-healing to rates 

reported in the literature for those receiving standard diabetic foot care. We referenced a 

survey by Armstrong and colleagues[6] to identify relevant studies and used data from those 

observational studies and from control groups of those experimental studies that reported 

on reulceration indexed from healing. We calculated an average of these rates over the 

studies[7–11] weighted by study cohort size. The one, two, and three year target reulceration 
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rates from the literature were found to be 36.1%, 46.8%, and 54.6% respectively. We 

estimated the reulceration rate from the DFU episode model by performing a Kaplan-Meier 

analysis on the duration between the healing date of the first DFU and the incident date of 

second DFU episode identified (or between the healing date of the first DFU and the date of 

the beneficiary’s last claim, if censored).

We evaluated the agreement between the estimates of these four values from our DFU 

episode-of-care model to these target values by varying the clustering duration from 2 weeks 

to 20 weeks in half week increments and evaluating the mean relative error, our secondary 

outcome of interest.

2.5. Cohort characteristics

We used established methods to identify comorbidities in beneficiaries using administrative 

data.[12–16] Relevant conditions included risk factors for DFU development such as 

diabetes, peripheral neuropathy, peripheral vascular disease, lower extremity amputation 

(LEA), vision impairments, and foot deformity. To summarize the healthcare burden and 

risk associated with the beneficiaries, we calculated and reported the Charlson Comorbidity 

Index.[12] Descriptive characteristics for race, ethnicity, and sex were reported consistent 

with the Medicare LDS definitions. We qualitatively compared descriptive characteristics for 

periods before the first diabetic foot ulcer episode-of-care to statistics for post-healing and 

to statistics for the end of followup. We reported the high-to-low amputation ratio, where 

high-level amputations were defined as more proximal than the ankle.

2.6. Association with resource utilization

We calculated rates of all-cause mortality, rates of inpatient admissions stratified by Major 

Diagnostic Categories (MDC) and Medicare Severity Diagnosis Related Group (MS-DRG), 

and rates of provider encounters for periods during DFU episodes-of-care, for periods 

after healing, and for other periods during the beneficiary followup. MDCs and MS-DRGs 

summarize inpatient stays by illness for purposes of billing, and each MS-DRG is defined 

by a particular set of beneficiary characteristics, including diagnosis codes, procedure codes, 

demographics, and discharge status.

We identified periods during DFU episode-of-care using the model previously described. 

We used periods after DFU healing as a comparator, with each comparator period having a 

target duration equal to the duration of the preceding DFU. For cases in which a recurrent 

DFU occurred before the target duration of the after period, we truncated the after period 

and considered only the DFU-free period as the comparator. We divided the outcome rate 

during DFU episodes by the rate after healing to calculate incidence ratios, our primary 

outcome of interest.

We estimated uncertainty about these point-estimates of incidence rates and incidence ratios 

by bootstrap sampling of the cohort-level data.[17] We sampled until the reported empirical 

95% confidence intervals converged to two significant digits to characterize the uncertainty 

in these estimates.
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3. Results

3.1. Model adjustment and validation

The best agreement between the episode-of-care model and the two validation criteria was 

found with a clustering duration of seven weeks (eTable 2). The mean relative difference 

among the four comparisons was 4.2%, and the largest relative difference among the four 

comparisons was 7.5% for the reulceration rate at 3 years (54.6% target vs 50.6% episode-

of-care estimate). The healing rate at 12 weeks from the episode-of-care model was found 

to be 29.2%, which agrees well with the target of 30.5% (relative difference of 4.2%). The 

mean duration from incident DFU to healing was 12.1 weeks (IQR: 7.1–12.9 weeks). The 

median duration from healing to reulceration in the Medicare cohort was approximately 

three years, and by six months 26.7% of DFU have recurred.

3.2. Cohort characteristics

Table 1 shows the descriptive cohort characteristics for the 78,716 beneficiaries we 

identified with at least one DFU episode, suggesting approximately 2% of all Medicare 

beneficiaries and 8.3% of those beneficiaries with diabetes mellitus have a history of DFU. 

Claims data for these 78,716 beneficiaries spanned 383,856 beneficiary-years.

According to the Medicare LDS definitions, approximately 77.5% of the cohort with at 

least one DFU was White, 14.7% was Black, and 3.3% identified as Hispanic. A majority 

(56.2%) of the cohort was male, according to the Medicare LDS definition.

The Charlson Comorbidity Index for this cohort increased by 23.6% during the first 

DFU episode-of-care, with large relative increases in the rates of diagnosis codes for 

myocardial infarction (24.7%), congestive heart failure (19.4%), and peripheral vascular 

disease (35.5%). Similarly, rates of LEA more than doubled in the cohort over the first DFU 

episode-of-care. Approximately 21% of those with DFU history had some level amputation 

by the end of followup, and the high-to-low amputation ratio was 64%.

3.3. Episode characteristics

A total of 206,203 episodes were identified in the 78,716 beneficiaries with at least one DFU 

episode, (54 DFU per 100 beneficiary-years), implying an average of 2.6 DFU/beneficiary 

over followup. Among those beneficiaries with diabetes, the incidence was 4.6 DFU per 100 

beneficiary-years. Approximately 50% of the 78,716 beneficiaries in the data with at least 

one DFU experienced one or more recurrence in the period from 2013 to 2019. Among those 

beneficiaries with at least one DFU, there were 47,843 DFU-years, implying approximately 

12.5% of these beneficiaries’ followup were marked by treatment for a DFU.

During DFU episodes, 10,997 beneficiaries died (5.3%). Approximately 34.8% of DFU 

episodes (71,834) included at least one inpatient admission, with a total of 120,245 

admissions occurring during episodes (2.5 admissions/DFU-year). LEAs were also common 

during foot ulcer episodes, with 19,358 of DFU episodes (9.4%) having at least one LEA.
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3.4. Association with resource utilization

Fig. 1 summarizes the incidence ratios for select resource utilization. During DFU episodes, 

all-cause mortality was 50% more likely (IR = 1.5; CI: 1.44–1.54), and all-cause inpatient 

admission was nearly three times more likely (IR = 2.8; CI: 2.77–2.87) compared to periods 

after healing. Provider (IR = 2.2) and podiatry (IR = 5.2) ambulatory encounters were more 

common during DFU episodes-of-care. To allow comparison against the case-controlled 

association between DFU and mortality reported by Saluja and colleagues,[2] we calculated 

the incidence ratio of the rate of mortality following incidence of the first DFU to the rate of 

mortality all-time in those with at least one DFU and found it to be 2.2 (CI: 2.15–2.24).

Fig. 2 summarizes the incidence ratios for select MS-DRGs. Compared to periods after 

healing, we observed higher rates during DFU episodes for admissions commonly associated 

with DFU (eg, amputation of lower limb for endocrine, nutritional, and metabolic disorders 

with complication of comorbidity, IR = 30.0, or cellulitis with major complication or 

comorbidity, IR = 4.1) and for conditions less commonly thought to be associated with 

DFU (eg, for heart failure and shock with complication or comorbidity, IR = 2.0, and for 

renal failure with complication or comorbidity, IR = 1.9).

Table 2 shows the incidence and incidence ratios for each of the thirty most common 

MS-DRGs in these 78,716 beneficiaries. All but one of the top thirty admission MS-DRGs 

had higher rates during DFU episodes than after episodes. The exception was hip and knee 

joint replacement, which may have had lower incidence during DFU episodes because it is 

an elective procedure that may be delayed until post-healing. For many of these MS-DRG, 

such as for heart failure and shock with complication or comorbidity (IR = 2.0; CI: 1.8–2.2), 

rates are only elevated only during DFU episodes-of-care (3.4 per 100 beneficiary-years) 

and are nearly equivalent in the period after healing (1.69 per 100 beneficiary-years) and 

during other periods of followup (1.64 per 100 beneficiary-years).

4. Discussion

This study is the first of its kind to identify incident episodes-of-care for DFU from 

administrative data and use these to estimate associations between ulceration and all-cause 

rates of mortality and resource utilization. Beneficiaries with history of at least one DFU 

experienced high incidence (54 DFU per 100 beneficiary-years) and recurrence (median 

duration to recurrence of approximately three years, with 35.7% recidivism in the first 

year after healing). During foot ulcer episodes-of-care, all-cause inpatient admission was 

2.8 times more likely and death was 1.5 times more likely compared to periods following 

healing in the same beneficiaries.

In many ways, our results are consistent with previous literature characterizing DFU. The 

most comparable mortality incidence ratio we reported (IR = 2.2) is well within the 95% 

confidence interval reported by Saljua and colleagues (CI: 1.85–2.85).[2] Margolis and 

colleagues[18] reported an annual prevalence of DFU among Medicare beneficiaries with 

diabetes of approximately 8%, consistent with our estimate of 8.3%. Unsurprisingly, our 

results also agree well with data on DFU healing rates and recurrence after healing because 

we tuned our episode-of-care model to match these parameters. Our work also extends that 
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of Mehta and colleagues,[19] who presented an unvalidated episode-of-care model for DFU 

and used this model to estimate attributable costs for several DFU-related codes.

We observed that DFU episodes-of-care had a broad association with all-cause mortality and 

inpatient admissions, including for conditions not commonly thought to be associated with 

DFU such as heart failure (IR = 2.0), renal failure (IR = 1.9), myocardial infarction (IR = 

2.1), and pulmonary edema (IR = 1.8). Brownrigg and colleagues,[20] who reported similar 

findings for diabetic foot ulceration and its independent association with all-cause mortality, 

hypothesized several possible physiological mechanisms for such findings, including near-

term consequences of DFU such as severe sepsis (IR = 2.2) and its sequelae, such as 

multiorgan failure, and long-term consequences to the cardiovascular and renal systems from 

chronic inflammation associated with DFU.

Our results suggest that provision of comprehensive preventive care to arrest development 

of DFU in high-risk populations may impact healthcare outcomes beyond those traditionally 

associated with diabetic foot syndrome. Evidence-based and recommended preventive care 

includes [21] routine foot exam by a specialist provider, use of appropriate therapeutic 

footwear to be worn by the patient at all times, structured education for the patient 

on self-care, daily self-exams by the patient, aggressive and prompt treatment of pre-

ulcerative lesions such as callus and blister, and once-daily foot temperature monitoring to 

identify inflammation preceding DFU. Many of these recommended practices were recently 

incorporated into a study of real-world practice conducted by Isaac and colleagues, who 

reported large reductions in all-cause inpatient admissions (RRR = 52%).[22] Another study 

found that patients with a preventative foot exam in the last year had lower odds (OR = 0.67, 

CI: 0.46–0.96) of being hospitalized for any cause within that year.[23]

One strength of our study is that we estimated attributable resource utilization without 

identifying a matched cohort. While a case-control approach is most commonly used 

to quantify association between risk factors and outcomes, we used our episode-of-care 

model to compare intervals during and after DFU healing for each beneficiary, implicitly 

accounting for overall trends in resource utilization and mortality rates that may exist 

with aging and disease progression. We adopted this approach for two reasons. First, 

other researchers[24] have reported challenges identifying propensity-matched controls for 

patients at-risk for DFU. Second, our approach allows us to better isolate the impact of DFU 

temporally on specific outcomes of interest because we are comparing periods with and 

without DFU in the same cases instead of comparing cases with DFU to cases without DFU, 

which is less temporally-specific to the episode-of-care.

5. Limitations

Several aspects of our work warrant additional consideration. First, we validated our 

episode-of-care model against aggregate results from the literature. Another approach would 

be to prospectively validate the episodes-of-care model against clinical data in the medical 

records. For a suitably large and representative cohort, such an approach would represent the 

gold-standard for validating our model.
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Second, a major limitation of our episodes-of-care model is that we are unable to distinguish 

between multiple concurrent DFU. While ICD-10 diagnosis codes partially address this 

limitation by allowing coders to specify laterality and location, our seven-year data set spans 

usage of both ICD-9 and ICD-10 codes. Furthermore, use of laterality in ICD-10 codes can 

be inconsistent, limiting utility of these indicators.

Finally, we inherited all limitations traditionally associated with use of Medicare LDS data. 

These include under-diagnosis of chronic conditions in real-world practice, the disparity 

between care received and care needed, lack of clinical context related to diagnosis and 

procedure codes reported on claims, inaccuracies related to financial incentives because 

claims are tied to potential reimbursement, and limited generalizability because the LDS 

cohort is comprised predominantly of white Americans older than 65 years of age.

6. Conclusions

A newly-validated episode-of-care model for diabetic foot ulceration suggests an 

underappreciated association between diabetic foot ulcer prevalence, all-cause mortality (IR 

= 1.5), and all-cause inpatient admissions (IR = 2.8). Diabetic foot ulceration increases the 

likelihood of inpatient admission for cardiovascular, renal, and pulmonary complications, 

with DFU potentially triggering a sinister cascade of excess acute-on-chronic complications. 

Our results suggest that a renewed focus on prevention of diabetic foot complications may 

be warranted and that such efforts may have broader than anticipated impact on health 

outcomes.
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Fig. 1 –. 
Increased Rates of Mortality and Healthcare Resource Utilization during Diabetic Foot 

Ulcer Episodes-of-Care Compared to Periods After Healing.
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Fig. 2 –. 
Increased Rates of Admission for Select Medicare-Severity Diagnosis Related Codes during 

Diabetic Foot Ulcer Episodes-of-Care Compared to Periods After Healing.
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