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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

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Petersen et al.

Page 3

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; Cl: 1.44-1.54), and all-cause inpatient
admission was nearly three times more likely (IR = 2.8; Cl: 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 (Cl: 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; Cl: 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 (Cl: 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,
Cl: 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

Funding

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.

Petersen, Salgado, and Bloom disclose partial funding from Podimetrics, Inc. for the analysis of data and
preparation of the manuscript.

Declaration of Competing Interest

Petersen, Salgado, and Bloom are employees and shareholders of Podimetrics Inc. Linde-Zwirble has previously
consulted for Podimetrics Inc. Rothenberg is a consulting medical director for Podimetrics Inc. Armstrong is on
the scientific advisory board of Podimetrics Inc. Armstrong and Tan disclose funding from the National Institutes
of Health, National Institute of Diabetes and Digestive Kidney Diseases (Armstrong under 1R01124789-01A1, and
Tan under 1K23DK122126-03).

Data availability

The data underlying this study belong to the Centers for Medicare and Medicaid Services
(CMS). Data are available to all researchers following a standard application process

and signing of a data use agreement. The authors paid a fee to access the CMS

data used in this study, with a fee schedule in accordance with CMS policies. Further
instructions for submitting an application to purchase access to the Medicare Limited Data
Set can be found at: https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-
Order/LimitedDataSets

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.


https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-Order/LimitedDataSets
https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-Order/LimitedDataSets

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Petersen et al.

Page 9

REFERENCES

[1]. Sohn M-W, Budiman-Mak E, Stuck RM, Siddiqui F, Lee TA. Diagnostic accuracy of existing
methods for identifying diabetic foot ulcers from inpatient and outpatient datasets. J Foot Ankle
Res 2010;3:27. [PubMed: 21106076]

[2]. Saluja S, Anderson SG, Hambleton I, Shoo H, Livingston M, Jude EB, et al. Foot ulceration and
its association with mortality in diabetes mellitus: a meta-analysis. Diabet Med 2020;37(2):211-
8. [PubMed: 31613404]

[3]. von EIm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP.

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
Statement: Guidelines for Reporting Observational Studies. Ann Intern Med 2007;147(8):573.
10.7326/0003-4819-147-8-200710160-00010. [PubMed: 17938396]

[4]. Harrington C, Zagari MJ, Corea J, Klitenic J. A cost analysis of diabetic lower-extremity ulcers.
Diabetes Care 2000;23 (9):1333-8. [PubMed: 10977028]

[5]. Fife CE, Eckert KA, Carter MJ. Publicly reported wound healing rates: the fantasy and the reality.
Adv Wound Care 2018;7 (3):77-94.

[6]. Ingelfinger JR, Armstrong DG, Boulton AJM, Bus SA. Diabetic Foot Ulcers and Their
Recurrence. N Engl J Med 2017;376 (24):2367-75. [PubMed: 28614678]

[7]. Apelgvist J, Larsson J, Agardh CD. Long-term prognosis for diabetic patients with foot ulcers. J
Intern Med 1993;233 (6):485-91. [PubMed: 8501419]

[8]. Plank J, Haas W, Rakovac I, Gorzer E, Sommer R, Siebenhofer A, et al. Evaluation of the impact
of chiropodist care in the secondary prevention of foot ulcerations in diabetic subjects. Diabetes
Care 2003;26(6):1691-5. [PubMed: 12766095]

[9]. Pound N, Chipchase S, Treece K, Game F, Jeffcoate W. Ulcer-free survival following management
of foot ulcers in diabetes. Diabet Med 2005;22(10):1306-9. [PubMed: 16176187]

[10]. Dubsky M, Jirkovska A, Bem R, Fejfarova V, Skibova J, Schaper NC, et al. Risk factors for
recurrence of diabetic foot ulcers: prospective follow-up analysis in the Eurodiale subgroup. Int
Wound J 2013;10(5):555-61. [PubMed: 22712631]

[11]. Armstrong DG, Fiorito JL, Leykum BJ, Mills JL. Clinical efficacy of the pan metatarsal head
resection as a curative procedure in patients with diabetes mellitus and neuropathic forefoot
wounds. Foot Ankle Spec 2012;5(4):235-40. [PubMed: 22715496]

[12]. Glasheen WP, Cordier T, Gumpina R, Haugh G, Davis J, Renda A. Charlson Comorbidity Index:
ICD-9 Update and ICD-10 Translation. Am Health Drug Benefits 2019;12 (4):188-97. [PubMed:
31428236]

[13]. Lee LJ, Yu AP, Cahill KE, Oglesby AK, Tang J, Qiu Y, et al. Direct and indirect costs among
employees with diabetic retinopathy in the United States. Curr Med Res Opin 2008;24 (5):1549-
59. [PubMed: 18416887]

[14]. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi J-C, et al. Coding algorithms
for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care 2005;43
(11):1130-9. [PubMed: 16224307]

[15]. World Health Organization. ICD-10 : International Statistical Classification of Diseases and
Related Health Problems : Tenth Revision \Vol. |, Vol. I,. WHO; 2004.

[16]. Medicode (Firm). ICD-9-CM : International Classification of Diseases, 9th Revision, Clinical
Modification. Medicode; 1996.

[17]. Efron B, Tibshirani R. Bootstrap Methods for Standard Errors, Confidence Intervals, and Other
Measures of Statistical Accuracy. SSO Schweiz Monatsschr Zahnheilkd 1986;1 (1):54-75.

[18]. Margolis DJ, Malay DS, Hoffstad OJ, et al. Prevalence of diabetes, diabetic foot ulcer, and lower
extremity amputation among Medicare beneficiaries, 2006 to 2008: Data Points #1. In: Data
Points Publication Series. Agency for Healthcare Research and Quality (US); 2011.

[19]. Mehta SS, Suzuki S, Glick HA, Schulman KA. Determining an episode of care using claims data.
Diabetic foot ulcer. Diabetes Care 1999;22(7):1110-5. [PubMed: 10388976]

[20]. Brownrigg JRW, Griffin M, Hughes CO, Jones KG, Patel N, Thompson MM, et al. Influence
of foot ulceration on cause-specific mortality in patients with diabetes mellitus. J Vasc Surg
2014,60(4):982-986.e3. [PubMed: 24865783]

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Petersen et al.

Page 10

[21]. Bus SA, Lavery LA, Monteiro-Soares M, Rasmussen A, Raspovic A, Sacco ICN, et al.
Guidelines on the prevention of foot ulcers in persons with diabetes (IWGDF 2019 update).
Diabetes Metab Res Rev 2020;36(S1). 10.1002/dmrr.v36.5110.1002/dmrr.3269.

[22]. Isaac AL, Swartz TD, Miller ML, Short DJ, Wilson EA, Chaffo JL, et al. Lower
resource utilization for patients with healed diabetic foot ulcers during participation in a
prevention program with foot temperature monitoring. BMJ Open Diabetes Research Care
2020;8(1):e001440. 10.1136/bmidrc-2020-001440.

[23]. Albright RH, Fleischer AE. Association of select preventative services and
hospitalization in people with diabetes. J Diabetes Complications 2021;35(5):107903. 10.1016/
i.idiacomp.2021.107903. [PubMed: 33691987]

[24]. Rice JB, Desai U, Cummings AKG, Birnbaum HG, Skornicki M, Parsons NB. Burden of diabetic
foot ulcers for medicare and private insurers. Diabetes Care 2014,;37(3):651-8. [PubMed:
24186882]

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Petersen et al.

Page 11

Medical Inpatient Admissions A

Surgical Inpatient Admissions 4

All-Cause Inpatient Admissions 4

Inpatient Admissions for the Respiratory System 4

Inpatient Admissions for the Circulatory System 4

Inpatient Admissions for the Endocrine, |
Nutritional and Metabolic Systems

Inpatient Admissions for the |
Kidney and Urinary Tract

Inpatient Admissions for Infectious |
and Parasitic Diseases and Disorders

Provider Encounters A
Podiatry Encounters 4

Death A

- 149

- 93

- 243

- 14

- 60

- 36

- 14

- 34

- 6758

- 1285

23

1

Fig. 1-.

Incidence During Foot Ulcer Episodes
Incidence After Healing

Increased Rates of Mortality and Healthcare Resource Utilization during Diabetic Foot

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

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.

sieak-Alepyauaq oot Jad
saposidg 422N 1004 Buling 23uapIdu|



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Petersen et al.

Page 12

Amputation of Lower Limb for Endocrine, |
Nutritional and Metabolic Disorders with CC

Diabetes with CC A

Peripheral Vascular Disorders with CC -

Infectious and Parasitic Diseases |
with O.R. Procedure with MCC

Cellulitis with MCC A
Diabetes with MCC A

Rehabilitation with CC/MCC A

Septicemia or Severe Sepsis |
without MV =96 Hours with MCC

Acute Myocardial Infarction, |
Discharged Alive with MCC

Heart Failure and Shock with CC 1

Renal Failure with MCC

Pulmonary Edema with Respiratory Failure
Chronic Obstructive Pulmonary Disease with MCC

Simple Pneumonia and Pleurisy with CC A

by

=

- 8.3

- 9.7

P

- 8.3

2.8

F3

FiBT

- 14.8

k1.9

- 3.4

52

- 2.1

Pl 2

1.3

1

Fig. 2 -.

N-|||i||'

3

4 5

10 20 30 4050
Incidence During Foot Ulcer Episodes

Incidence After Healing

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

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.

sieak-Aiepauaq Qo1 42d
saposidg 122N 3004 Buling aJuapidu|



Page 13

%.'8 %L'E %Y snBjeA xnjjeH
SanIwlioya 1004
%8'€ %9'T %9°0 93U an0qY
%E'Y %6'T %S0 93U Mojeg
%09 %G'E %E'T (n61p-uou) joo4
%89 %9'v %V’ ubia
uoneindwy Alwalix3 Jemo [ewixold 1SON
%€'0 %€0 %€°0 uondajul AlH
%V'S %' %0°'¢ Jowing pros JneiselsiN
%6'LT %V'E€T %T'ZT KoueuBiey Auy
%9°EY %C'1E %T1'LC 95essIQ Je|ndsen0lqalad
%v'ET %E'6 %28 aseasiq onewnayy
%Y'9€ %9°0C %L'9T eliusweg
%6°€T %8'L %Y'9 eibs|desed Jo eibsjdiwaH
%Yy %I'2 0/'T  9Seasiq JAAIT 219ASS 0 S1eIspolN
%9'61 %S'CT %80T aseasi@ JeAIT PITA
%/.'89 %6°TY %C'9€ aseasiq Areuowind o1uoiyd
%8'¢E %8'1¢ %C'8T 85essIQ [eudy 31sNsS
%V vE %6°LC %G'€C 3seasIq [euay 81eJapoiN 10 PIIA
%S°G8 %82 %%'9S suonealdwo) yum saxegelq
%SV %1°CT %80T suopeal|dwod noyum seiagelq
%11 %6°S %8 aseasiq 490]N ondad
%¥'08 %179 %E Ly aseasI JejnaseA [esaydiiad
%619 %9°SY %¢C'8E ainjre4 1eaH aAnsabuoy
%E"9g %2'2T %8'LT uonoseju| [eIpeoAN
SaNIPIGIOWO)D UoS|eyD
¢CSF0TT 067 FvE'L Y6’V F ¥6'S Xapu| AlpigiowoD uos|ieyd
ECTFVEL GCIFTTL GCIF60L (s1eak) aby

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.

dnmojjo4 Jo pug 8yl 1y  8posid3 480]N 1004 9133RI 38414 JO PUF YL IY  3posid3 480]N 1004 dnegelq sAid Jo Buluuibag syl 1y sonsLIsloRIRyD

Petersen et al.

"(9T.'8/) a4e2-J0-8posida J80|Nn 100§ J11SCERIP BUO 1SL3| 18 YL SaLIRIOBUS] 84edIpajA o) sonstialorieyd aAnduosag

—T93lgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 14

Petersen et al.

%.'v6
%.°¢S
%¥'0S
%E'€9

%E'6
%.'G¢
%S°LE

%9°6
%c'Le
%C'TL

%.L°0
%T'€
%E'E
%89

%9°€6
%ETE
%9°€E
%9°Ly

%C'S
%581
%8¢

%89
%¥'0C
%<’ LS

%E0
%L'T
%L'T
%9°€C

%C'L8
%E'SC
%6°L2
%9°¢y

%Cy
%891
%9°¢e

%¢C'9
%9°LT
%807

%¢'0
%C'1T
%C'T
%0°C

Ansaqo

douspuada aunodIN
uoissaidaq

Juswiredw| UOISIA Auy
ssaupullg

BWOdNE|

sjoesere)

Bwap3 Jenae\ dnagelq
Ayredounay onagelq
AyredoinaN [essyduiad

103084 XsIyd N4d 48Y1I0

SnJeA xXnjjeH
snp1Bry xnjfeH
snue|d sad

Ayredolypeolnap 1094840

dnmojjo Jo pug ey 1y 8posid3 189|n 1004 d13aqeIQ 1811 0 PUT BUI 1Y

aposid3 180]N 1004 2118qRIq 3S414 J0 Butuuibeg ayy 1y

sonsLIvloRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.



Page 15

QT ¥r'T W1-€T1)6E'T (eT-TT)8T'T (8T1T-9T)0L'T GIv'S DOIA INOYIIM SuORdR4U J0IL Areuin pue Asupiyl 069
(Le-62) Lz (Tr-TnITT (cT-0merT (6'e-6€) 99°€ 0€S's DOIN/DO UM uoleH|iqeysy  G6
(L1-€T1) 08T (91-€T) 87T (z1-6'0)€0°T (LT-¥T1) 95T 6LL'S sasoyohsd 588
(Tz-L7) 187 GT-r1)IrT (8T-5T)69°T (ee-0¢)are T€V'9 OO yum ainjieq jeusy 289
DDA Inoym
(ze-92)v8'C W1-€T1) 1€T (LT-¥T1) €8T (Ov-Tv) v 6€9'9 SINOH 96 < AIN INOYNM sIsdas a1anas o elwaondss 2.8
(T-LT)¥6'T (9T1-ST) 15T (8T-57)€9°T (ee-0¢)are 0zL'9 DD yum ainjieq [eusy €89
(z'9-19) 65'S (76'0-98'0) 06'0 (9T1-€T)8Y'T (98-0'8) 62'8 9TT'L UMM 3INPadold "y'O Yl sasessiq dlIsesed pue mgo_mw__,\_,“ €58
(zz-8T1)20C 191 v9'T (6'T-ST)69°T (9e-ze) 1re 182'L 00 UM 30ysS pue ainjled esH 262
(96-6°2) 9v'8 (0'T-16°0) 260 (€T-0T)¥T'T (0'01-€'6) 896 998'L DO yumsslegeld  8e9
(Sv-L€) L0Y (6'1-8T)€8'T (T2-LT)06'T (08-vL)vLL G26'6 DO oYUM SIIINIIBD €09
(0OWD3) uoireuabAxQ aueiquia|A |easodiodenxy
(0z-2T1)€8°T (Le-ve)sse (9v-0v) Lev (ce-g2)e8L evT'oT [esaydLiad 0 DN UM >00US pue ainjied LesH 162
(et vee (T'5-6'7) 667 (6'9-€9) 659 (zsT-€vT) 891 6T9'vC UMM SINOH 96 < AIA INOYNM SISTBS 819A8S 10 m_Ewuwwm._\m 1.8
(9T°€-26°2) ¥0'€E (Sv'8-91'8) T€'8 (LTT-6°0T) €'TT (0'se-9€€) €€ T€9'GY $13pI0SIQ pUE $3sEaSI dMIsered PUe SNoNddu|
(62'1-29T) 0L'T (L9'2-181) 25 (58-€L2) 118 (¢ v1-veT) g€t €29'2€ 10611 Areuin pue Asupiy| ay} Jo s1aplosiq pue saseasiq
Ewum>m JljogeIsIN
(29'2-8L'9) LT'L (eTv-68€) 0% (92'5-297) 167 (7'9e-6'7€) 9'G€ 809'0€ pue [eUONLINN ‘BULI20PUT Y} JO SJ3PIOSIC Pue sasessiq
1sealg
(8€'v—¥8'€) 60’7 (vr'e-Lz€) se'€ (T'v-19'¢) 68'€ (z'91-€'9T) 8'GT 6S0'6T  PUE aNSIL SNOBUEINIGNS ‘UINS 8U} JO S19pI0SIQ pue sesessiQ
aNSSI| dAI108UU0D
(72'2-052) 292 (ss1-eL)evL (Tz'6-2v'8) 18'8 (9ez-522) 1€ €08'9€  Pue WalSAS [E13]HSOINISNIA| 83U} JO SI9PIOSIQ Uk sasessiq
(cze-goe) e (0'81-5LT) 8°LT (2'61-9'8T) ¢'6T (8'09-8'85) 8'65 68'68 wasAS A103eIN211D U} JO SI13PIOSIC Pue saseasiq
(€27-95T) ¥9'T (¥9'8-82'8) 9v'8 (62'8-€0'8) Tv'8 (€¥T-+€T) 8€T v¥8'se wajsAs Alojesrdsay ayi Jo s1epIosIqQ pue sesessia
(6L'7-25'7) S9'7 (6'91-5'9T) 29T (9°02-¥'6T) 0'02 (zv6-6'16) T'€6 ¥S8'T0T suoissiwpy [ealBing
(oe'zzze)9ze (7'29-2'19) 8'19 (0'29-¥'9) 2'59 (0§T-L¥T) 6YT G69'v82 SUOISSIUPY [B91P3IN
(182-LL2) 28 (6'6.-7'8L) T6L (L28-Lv8) 298 (Svz-ove) eve G68'68¢ SUOISSILPY dSNeD-|IVY

Diabetes Res Clin Pract. Author manuscript; available in PMC 2022 March 18.

spoliad 48yl0  s8posid3 N4@ 48yy  seposid3 N4 Buring
oney suolIssIwpy
89UapIdU| JaY-03-Bulung sresA-AJeidlyauaqg 0T 49d ‘e uoISSIWpY J0 JaquinN

uonduosed  9dd

Petersen et al.

'sdnolo pare|ay sisoubeiq A111aAaS-a1ed1pal
pue saliohise) ansoubeiq Jolel\ uowwo) 1SOIA 3yl 10} a1ed-J0-saposidl 1ad|N 1004 J11aqeIq Jayy pue Buuing suolssiwpy uanedu| Jo sajey

— ¢ 9lgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 16

Petersen et al.

“UOITR[1IUBA [BO1URYIBW AIA ‘A1IPIGIOWOD 10 Uonedldwod Jofew ;DDA ‘ANPIGIOWOD J0 Uo1RdIdWOD 02 ‘S[EAIBIUI 30USPIILIOD 04G6 SAN[RA Pazisayluaied

(66-69) ¢T'8 (Tr'0-2£0) 60 (15'0-9€°0) €70 (Le-e€) sre €96 00 UNM SI13pI0sIQ JeIndseA [esayditad  00€
(zz9T1) 06T (72'0-99'0) 0L°0 (0'1-6L'0) 16'0 (6T1T-9T)2LT z6e'e DOIN ynm sesoubieiq waishs Alojeinoid Jsylo vIe
(9v-5€) 10V (T9'0-55'0) 850 (8'0-19'0) 02°0 (0e-92) 082 6ve'e DO yum sinied 209
(8T-¥T) 65T (¥8'0-+2°0) 6L°0 (T'7-68°0) 260 LTy ¥ST e16'e DO ynm sasouBerq 1oesL Areutin pue Asupiy JByIO0 869
(€2-LT)96'T (88'0-8'0) 80 (18'0-19°0) T2°0 (ST-€T1)8€T Tes'e 00 ynm abeyuowsH 19 8¢
L1177 (68'0-18'0) 58'0 (T'1-98'0) L6'0 (ST-€T) VT 6€9'c DOIN UM suonadju oelL Areunn pue Asupryt 689
DDA INOYHM S18pI0SIa
(02-¥T1) 59T (96'0-88'0) 26'0 (8'0-9'0) 020 (eT-0T)GTT 7¥9'e an1sab1Q snoaue|[3dsIN puke siLisIusosed ‘sifeydoss  z6e
(ry-c€) e8'e (89'0-65°0) ¥9'0 (€6'0-L'0) 18'0 (ee-62)0T€ G89'e OO yumsalegeld /€9
(0z¥1)1LT (66'0-68'0) ¥6°0 (62'0-65°0) 69°0 (eT-TT)8TT 8zL'e DO YHM saseasi@ Areuownd sAIONASGO JIU0IYD 06T
(8T-¥'17) 85T (56'0-88'0) 16'0 (¢6'0-TL'0) 18°0 (r'1-271) 82T TEL'E 00 ynm Asiinajd pue eluownaud ajdwis 6T
(0'eT-¢'6) 60T (ev'0-8€°0) 0V'0 (85'0-21'0) 050 (L'5-29) v¥'s 826'¢ 00 UNM S3INPadoid Je[noseA JoYO €52
(rz-81)80¢C (€6'0-G8'0) 060 (0'7-620) 060 (0z-Lr1) 887 TL6'€  DOWN YNM anl|Y pafieydsiq ‘uonoseju] [eIpJed0AIN 8INdY 08
D0 yum mm;_obom_m_ pue
(6'T-¥'1) 29T (66'0-68'0) ¥6'0 (€T1T-0T)9T'T (Tz-21)68°T T6T'Y SpIN|4 ‘WSI|OgeIs|A ‘UOIINN JO SI9pJOSIQ SNOoaue|8dsIN-+ 079
2D UM S1aplosiq d1jogeIsiN
(T'8e-5'v2) 00 (TT°'0-G80°0) 960°0 (v€'0-22'0) 82°0 (98-1'8) ¥£'8 TEC'Y  PUE [EUONLINN ‘SULIOPUZ 40} GUIIT JaMOT Jo uoleIndwy /19
DDA INOYUM ANwanx3 JamoT
(T'7-80) ¥6°0 (eT1-zT) 82T (06'0-02°0) 080 (€8'0-290) 520 TGSy 4O jualyoepeay J0 Judwade|day Julor saud pue diH Jofen oL
(95-¢€v) 8y (72'0-29'0) 0L°0 (T'1-28'0) €6'0 (Lv-ev)esy 78Sy OJIN YIIM S2INpadold JBINISBA JBUl0 252
(0z91)8L7T (1T 11T (ET-TT)6TT (02 ere 616'7 ainjreq Aiojesrdsay pue ewap3 Areuowind 68T
(8T-¥1) 19T (121 6TT r1-z10eT (cz-02)60C ovT's OO ynm AsLind|d pue eluownaud a|duns €61
spolad 18yl0  ssposid3 N4@ 4eyy  saposid3 N4a buing
oney SuoISSIWPY
89UapIdU| JaY-03-Bulung sresA-AJeidlyauaq 00T 49d ‘e uoISSIWpY 10 JaquinN uonduossg  9©dA

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2022 March 18.

i

Diabetes Res Clin Pract. Author manuscript



	Abstract
	Introduction
	Materials and methods
	Study design, approval, and reporting
	Data provenance and population
	Episodes-of-care definition
	Model adjustment and validation
	Cohort characteristics
	Association with resource utilization

	Results
	Model adjustment and validation
	Cohort characteristics
	Episode characteristics
	Association with resource utilization

	Discussion
	Limitations
	Conclusions
	References
	Fig. 1 –
	Fig. 2 –
	Table 1 –
	Table 2 –

