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ABSTRACT

Objective: Amputation is a devastating but preventable complication of diabetes and peripheral arterial disease (PAD).
Multiple studies have focused on disparities in amputation rates based on race and socioeconomic status, but few focus
on amputation trends in rural populations. The objective of this study was to identify the prevalence of major and minor
amputation among patients admitted with diabetes and/or PAD in a rural, Appalachian state, and to identify geographic
areas with higher than expected major and minor amputations using advanced spatial analysis while controlling for
comorbidities and rurality.

Methods: Patient hospital admissions of West Virginia residents with diagnoses of diabetes and/or PAD and with or
without an amputation procedure were identified from the West Virginia Health Care Authority State Inpatient Database
from 2011 to 2016 using relevant International Classification of Diseases, 9th edition and 10the edition codes. Bayesian
spatial hierarchical modeling was conducted to identify areas of high risk, while controlling for important confounders for
amputation.

Results: Overall, there were 5557 amputations among 459,452 hospital admissions with diabetes and/or PAD from 2011 to
2016. The majority of the amputations were minor (61.7%; n = 3430), with a prevalence of 7.5 per 1000 and 40.4% (n =
2248) were major, with a prevalence of 4.9 per 1000. Geographic analysis found significant variation in risk for both major
and minor amputation across the state, even after adjusting for the prevalence of risk factors. Analyses indicated an
increased risk of amputation in the central and northeastern regions of West Virginia at the county level, although zip
code-level patterns of amputation varied, with high-risk areas identified primarily in the northeastern and south central
regions of the state.

Conclusions: There is significant geographic variation in risk of amputation across West Virginia, even after adjusting for
disease-related risk factors, suggesting priority areas for further investigation. The level of granularity obtained using
advanced spatial analyses rather than traditional methods demonstrate the value of this approach, particularly when risk

estimates are used to inform policy or public health intervention. (J Vasc Surg 2020;71:1708-17.)
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Amputation is a devastating but preventable complica-
tion of diabetes and peripheral arterial disease (PAD). The
financial, physical and societal costs of amputation are
high, with financial costs estimated at 8.7 billion dollars
in 2013 alone.! Amputation is also a marker for severe

end-stage cardiovascular disease. Diabetic patients un-
dergoing a PAD-related amputation have a 50% to
74% 5-year mortality primarily owing to associated car-
diac and cerebrovascular complications, a prognosis
worse than most forms of cancer.
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Diabetes- and PAD-related amputations are largely pre-
ventable, a foot ulcer precedes 85% of diabetes-related
amputations,? and high-quality primary care with timely
podiatric and vascular intervention can substantially
decrease the risk of amputation.?“ As a result, amputa-
tions have become an increasingly important measure
to study disparities in the quality of diabetes and cardio-
vascular disease care in the United States.>°® Previous
studies have documented significant racial and eco-
nomic disparities in amputation rates®>”’; however, there
are few data on rural disparities. This is of particular
concern because rural populations tend to have multiple
risk factors for amputation: they are older, economically
depressed, with higher levels of chronic disease, riskier
health behaviors, and greater barriers to accessing health
care than their nonrural counterparts.® These issues are
further amplified in Appalachia, a highly rural region
with higher overall cardiovascular disease deaths, dia-
betes prevalence rates and tobacco use compared to
the rest of the United States.®'?

West Virginia is an ideal location to study rural and Ap-
palachian health disparities, because 97% of its land
mass is regarded as rural”® and it is the only state consid-
ered to be 100% Appalachian. West Virginia also has sig-
nificant state-wide disparities in the prevalence of
cardiovascular disease, diabetes, and other amputation
risk factors.!® This makes location of patient residence
(ie, spatial epidemiology) an important factor to consider
in the identification of amputation disparities in the
state. The objective of this study was to use advanced
spatial epidemiology methods to identify areas with
higher than expected major and minor amputation
among patients with a diagnosis of diabetes and/or
PAD in West Virginia, while controlling for relevant co-
morbid conditions and rurality.

METHODS

Data collection and management. This study used 2011
to 2016 West Virginia Health Care Authority data, which is
a part of the Healthcare Cost and Utilization Project of
the Agency for Healthcare Research and Quality. The
target population for the West Virginia Health Care
Authority data includes inpatient discharges from com-
munity hospitals (excluding rehabilitation and long-
term acute care hospitals) in West Virginia. The target
population for this study was limited to adult (=18 years
of age) admissions for residents of West Virginia with
diagnoses of diabetes and/or PAD. Cases were defined as
admissions with amputations performed. Major ampu-
tation was defined as any below-the-knee or above-the-
knee amputation, and minor amputation was defined as
toe or partial foot amputation. Patients with trauma-
related amputations, patients who did not have zip
code/county data available, and patients who were resi-
dents of other states who underwent amputation in
West Virginia were excluded from the analysis. All
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ARTICLE HIGHLIGHTS

- Type of Research: Retrospective analysis of the West
Virginia Healthcare Authority State Inpatient Data-
base (2011-2016)

- Key Findings: The prevalence of amputation in West
Virginia was 12.35 per 1000 (2011-2016). Advanced
geographic analyses indicated increased risk of
amputation in the central and northeastern regions
of West Virginia at the county level. Zip code-level
patterns of amputation varied, with high-risk areas
identified primarily in the northeastern and south
central regions of the state.

- Take Home Message: West Virginians have a high
prevalence of amputation, and there is significant
geographic variation in amputation risk across the
state. Advanced hierarchical spatial modeling
methods are key for providing high-resolution spatial
data on health outcomes like amputation, particu-
larly in rural environments.

diagnoses and procedures were defined using Interna-
tional Classification of Diseases (ICD)-9 codes from
January 1, 2011, to September 30, 2015, and ICD-10 codes
from October 1, 2015, to December 31, 2016. A complete
list of ICD-9 and ICD-10 codes used for inclusion and
exclusion criteria is presented in Appendix (online only).
The study was approved by the West Virginia University
Institutional Review Board (protocol #1704554319) and a
waiver of consent was granted.

Descriptive characteristics were summarized using x*
tests and independent samples t-test for categorical
and continuous variables respectively. Rurality was
defined using Rural-Urban Commuting Area codes, a
validated classification system of 33 codes used to clas-
sify the national census tracts according to rural and ur-
ban status. We used both the categorization A and C
methods in our descriptive analysis.” We generated
descriptive statistics for the following outcomes: any
amputation, major amputation, and minor amputation.
All statistical analyses for this article were generated us-
ing SAS software, Version 9.4 (SAS Institute, Cary, NC).

For geographic analysis, data were aggregated to
county and zip code levels of patient residence (not the
facility where the amputation occurred). The relative
risk of major and minor amputations was assessed sepa-
rately as outcome variables in the model. Relative risk
was estimated by dividing the rate of amputation at an
individual location by the statewide rate. Relevant co-
morbid conditions included rate (per 1000 persons) of
chronic obstructive pulmonary disease, congestive heart
failure, coronary artery disease, renal failure, obesity, hy-
percholesterolemia, Medicaid status, diabetes, PAD, and
diabetes with PAD. In addition, spatial patterns of these
conditions were controlled in the model because of their
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association with major and minor amputation'® and
known geographic variations in their prevalence.!® We
calculated rates for the outcome and comorbid condi-
tions using the total number of diabetes and/or PAD ad-
missions in West Virginia as the denominator as opposed
to the census estimates to better represent the popula-
tion at risk.

Rurality was added as a covariate to the county- and zip
code-level analyses owing to its potential role as a barrier
to health care access. Rurality at the county level was
defined as the proportion of rural census tracts within
each county. Rurality was defined using Rural-Urban
Commuting Area codes.® County-level rurality was
calculated at the census tract level as opposed to using
the zip code level because of overlapping zip code
boundaries at county lines." Zip code-level rurality was
binary and a value of 1 was assigned to patients’ rural
zip code of residence.

Data analysis. Hierarchical Bayesian spatial models
were fit using the integrated nested lattice approxima-
tion package in R.7'® The relative risk of amputation
given the relevant comorbid conditions and risk factors
listed above was modeled using a Poisson gamma dis-
tribution, and as a function of (1) a random spatial effect
accounting for spatial dependence, and (2) a nonspatial
random effect accounting for residual variation that is
not spatially dependent.’® The value of this method for
quantitative health studies has been cited extensively
elsewhere.?°?' Posterior predicted mean for relative risk
of major and minor amputation as well as deviance in-
formation criteria (DIC) were exported from R, and visu-
alized in ArcMap 10.5 using thematic maps. The use of
DIC has been one of the most extensively cited measures
used in both spatial and nonspatial Bayesian
modeling.???* Generally, differences in DIC from 5 to 10
indicate potentially substantial change in model perfor-
mance; lower DIC indicates a better model fit.**>**

RESULTS

Overall, there were 5557 amputations among 459,452
hospital admissions with diabetes and/or PAD regis-
tered in the database from 2011 to 2016. The majority
of the amputations were minor (61.7%; n = 3430), with
a prevalence of 7.5 per 1000 and the remaining were
major 40.4% (n = 2248), with a prevalence of 4.9 per
1000. Amputation patients were on average younger
(61.83 years vs 66.45 years), more likely to be male
(64.98% vs 45.70%), have Medicaid insurance (20.87%
vs 13.12%), renal failure (11.55% vs 5.60%), chronic kidney
disease (CKD; 41.80% vs 29.47%), and have diabetes
with PAD (66.53% vs 14.64%; Table). Descriptive results
were similar for both major and minor amputations.
However, patients undergoing major amputation
were much more likely to have Medicaid insurance
(80.2%).
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The prevalence of any amputation (major or minor) was
2.6 per 1000 in patients with diabetes, 13.4 per 1000 in pa-
tients with PAD, and 52.7 per 1000 in patients with both
diabetes and PAD. The absolute values of amputation
prevalence between patients with diabetes, PAD, and
diabetes with PAD differed between the any amputa-
tion, minor amputation, and major amputation groups;
however, the overall pattern did not (ie, diabetes alone
had the lowest prevalence of amputation in each cate-
gory while PAD with diabetes had the highest).

The most common reason for admission were diseases
of the circulatory system, which made up approximately
27% of admissions. Further classification of this reveals
the most common diagnosis was diseases of the heart
with 84,155 admissions (18.3%). This was followed by dis-
eases of the respiratory system (13.9%), diseases of the
digestive system (8.6%), and injury and poisoning
(7.7%), with endocrine, nutritional, and metabolic dis-
eases and immunity disorders (6.9%) rounding out the
top five. The top Clinical Classification Software category
for the amputation rate was for endocrine; nutritional
and metabolic diseases and immunity disorders, which
had a 7.4% rate of amputation. The Clinical Classification
Software category with the second highest rate of ampu-
tation was diseases of the musculoskeletal system and
connective tissue with an amputation rate of 3.2%.

Geographic analysis revealed patterns of major and mi-
nor amputation differed at the county and zip code
levels (Fig 1). At the county level, the rate of major ampu-
tation was highest (6.95-9.81 per 1000) among three
counties in the north and northeast, and lowest (0.89-
1.61 per 1000) in southern parts of the state. Patterns for
minor amputations differed, with the highest risk
counties (10.13-13.02 per 1000) located sporadically
throughout the state, with potential clustering of high
risk in the southern counties. Zip code-level choropleth
maps displayed a higher degree of variation than county
level mapping, but had similar results. Rates of major
amputation remained highest (18.7-34.48 per 1000) in
the eastern and northeastern parts of the state, whereas
high-risk areas for minor amputation were found sporad-
ically throughout the state.

Model covariates were mapped by rate per 1000 for
comorbidities and percent rural census tracts at the
county level (Fig 2). Zip code-level maps are not included,
because the highly granular images made it difficult to
concisely assess. At the county level, the range of map-
ped classifications differed widely between the risk fac-
tors considered, and each map was given its own map
legend. Overall, rate per 1000 of obesity, chronic obstruc-
tive pulmonary disease, and CKD were highest in the
southern counties. Conditions such as congestive heart
failure, coronary artery disease, and renal failure, dia-
betes, PAD, and diabetes with PAD had high-risk
counties identified in multiple regions of the state. All
conditions had lowest risk counties in the eastern and
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Table. Patient characteristics by no amputation and any amputation groups

Urban 368,051 (81.21) 4506 (81.20)

Small rural town 36,325 (8.01) 463 (8.34)

Rurality (RUCA categorization C) .9955

Rural 85,176 (18.79) 1043 (18.80)

Sex <.0001

Female 246,447 (54.30) 1946 (35.02)

Medicaid 59,548 (13.12) 1160 (20.87) <.0001

Hypercholesterolemia 234,401 (51.64) 2493 (44.86) <.0001

CKD 133,773 (29.47) 2323 (41.80) <.0001

CHF 127,446 (28.08) 1297 (23.34) <.0001

Diabetes/PAD <.0001

PAD alone 76,650 (16.89) 1042 (18.75)

northeastern regions of West Virginia. Similarly, counties
with a high proportion of rural census tracts were identi-
fied throughout the state.

Separate amputation models at the county and zip
code levels are displayed in Fig 3. For county-level
models, the relative risk of amputation (major or minor)
was not significantly associated with any covariates. In-
clusion of the covariates and adjustment for average
rate for West Virginia decreased the number of high-
risk counties and increased the number of high-risk zip
codes for amputation. For zip code-level models, rate of
diabetes, PAD, and PAD with diabetes per 1000 were
associated with major and minor amputation. Addition-
ally, the CKD rate per 1000 was significantly associated
with minor amputations at the zip code level. Posterior
means and credible intervals for all independent vari-
ables considered in county and zip code-level models
for major and minor amputation respectively are high-
lighted in Supplementary Tables | and Il (online only).
The impact of spatial smoothing was less pronounced
in the zip code-level model owing to high variation at

more granular mapped displays. High-risk zip codes
were identified sporadically throughout the state in
both models, with a higher frequency of zip codes in
the highest risk category (relative risk, >1.5) around Poca-
hontas County for major amputation. DIC between
counties and zip codes ranged between 1.8 and 4.0 for
counties and between 0.40 and 13.7 for zip codes, indi-
cating significant differences in model performance for
zip code across the state.?*?° Significant differences in
model performance detected in DIC were identified for
zip codes in Pocahontas County for amputation (major
and minor).

DISCUSSION

In this study, the prevalence of overall amputation in
West Virginia patients (2011-2016) with diabetes and/or
PAD, was 12.4 per 1000, with a 7.5 per 1000 prevalence
of minor amputation and a 4.9 per 1000 prevalence of
major amputation. Significant geographic variations in
risk for amputation across the state of West Virginia
were noted, with some zip codes experiencing rates of
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Fig 1. County and zip code-level choropleth maps displaying raw rate of major and minor amputation (each

separately).

major amputation as high as 34.5 per 1000. Advanced hi-
erarchical spatial modeling (Bayesian modeling) tech-
niques identified geographic variation at an
unprecedented level of granularity to produce stable es-
timates of risk for amputation at both the county and zip
code levels, despite the challenge of small number
counts, which is a common issue in rural areas.
Bayesian modeling has been used previously in relevant
health literature?'?®; however, this study is the first to
apply this method to investigate the risk of major and
minor amputation in a population of patients with dia-
betes and/or PAD in a primarily rural state. Furthermore,
it is the first study to apply hierarchical spatial modeling
approaches at varying geographic scales to produce
high-resolution estimates of amputation risk while con-
trolling for associated comorbidities. Our results showed
that the crude direct estimation of relative risk was com-
parable with model-fitted estimates in the county level
model but not at the zip code level. The zip code-level
model produced a much more granular illustration of
risk, demonstrating the practical use of these advanced
methods to identify high risk areas at small spatial scales
where risk estimation would otherwise be exaggerated.”'
Although our findings on amputation prevalence
cannot be compared directly with other studies, they

should be viewed in the context of the current national
data on amputation. The Dartmouth Atlas identified
the national prevalence of amputation (which included
through-foot, below-the-knee, and above-the-knee
amputations in the numerator) among Medicare pa-
tients with diabetes and/or PAD (from 2007 to 2011) to
be 2.4 per 1000.?” Healthy People 2020, the federal
framework that sets public health objectives for the
country, documented the baseline rate of lower extrem-
ity amputation (any level of amputation) for persons
diagnosed with diabetes from 2005 to 2007 to be 35
per 1000.> Although not directly comparable, the preva-
lence of amputation identified in this work suggests that
West Virginians may be undergoing amputation at
higher rates than the rest of the country. This finding
may be due to several factors; West Virginia is the third
most rural state in the nation, with 91% of West Virginia
counties qualifying as medically underserved with signif-
icant issues surrounding access to health care.?®?° West
Virginia also has the second oldest, least educated and
poorest population in the country, with high prevalence
rates of chronic diseases that are known risk factors for
amputation.'®"?73932 These comorbid conditions, de-
mographics, and socioeconomic factors serve to increase
the overall risk of amputation in West Virginia, and
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Fig 2. Choropleth maps of raw rate per 1000 of comorbid conditions and percent rural census tracts at the county
level. CAD, Coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic

obstructive pulmonary disease; PAD,

peripheral arterial disease.
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Fig 3. County- and zip code-level model-fitted relative risk estimates for major and minor amputation (each

separate model), adjusting for covariates.

variations in exposure to these risk factors across the
state may serve to explain the variation in risk of amputa-
tion found in this studly.

Significant geographic variation in the risk of amputa-
tion was identified in our spatial model despite adjusting
for potential amputation risk factors, and illustrates the
importance of considering geospatial risk factors in
assessing disease risk. The notion that where you live is
a key contributor to health outcomes is not a new
concept, and is well-described in the literature concern-
ing the social determinants of health.**** Our technique
allowed for the inclusion of geospatial analysis in assess-
ing the amputation risk of our population and confirmed
the importance of its inclusion in analysis. This higher
risk, even when adjusting for disease-related risk factors,
may be due to disparities in access to services, health
care providers, transportation, cost, and other barriers to
care. This study illustrates the importance of identifying
geographic variation in risk to better identify the etiology
behind amputation risk and to help us address it.

This study identifies different patterns for major and mi-
nor amputation risk across the state, which suggests dif-
ferences in the intensity and quality of foot care. Minor
amputations are often a marker for aggressive foot care

and our finding of different concentrations of risk for ma-
jor and minor amputations are consistent with other
studies.” This concept has been described in the high-
low amputation ratio model, which is the ratio of major
amputation to minor amputation in a given region, and
has been validated in the literature to be associated
with improved limb salvage in areas where the ratio is
less than 1,°° and has been used internationally to eval-
uate foot care program performance.®®

This study adds to the existing body of literature that
has examined the issue of geographic variation in ampu-
tation risk. Feinglass et al® identified significant racial dis-
parities in amputation rates in Northern lllinois based on
the proportion of white, African American, and Latinx
residents in zip codes aggregated by the North, South,
and West-side neighborhoods of the region, but did
not go on to perform spatial analysis for this data.
Stevens et al*” created choropleth maps of amputations
in aggregated zip codes in California and suggested a
linear association between poverty and amputation.
Choropleth maps (which we use in Fig 1 of this study),
or heat majps are commonly used to provide a visualiza-
tion of descriptive data, but should be approached with
caution because they do not allow the determination of
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significant differences between two areas, despite highly
suggestive color contrasts. The data from Stevens et al,*’
much like other descriptive data, highlight an area where
further spatial analysis with inferential statistical
methods, such as those used in our study (illustrated in
Fig 3) is warranted.

Other studies analyzing geographic disparities used the
Medicare database and focused on Hospital Referral Re-
gions, a geographic unit that represents regional health
care markets for tertiary medical care and have a mini-
mum population of 120,000,>” and found significant
regional variations in amputation rates*®**° even when
controlling for variations in risk factors.“® These studies
are useful for identifying that there are spatial issues at
play, and also identify risk factors for amputations and
consider issues surrounding practice patterns and access
to care. However, these studies are limited to the Medi-
care population and only provide data on significantly
larger geographic regions than zip code-level data. Our
study addressed these limitations by incorporating
advanced spatial epidemiologic modeling techniques
developed for small area estimation to map the risk of
amputation down to the zip code level. This approach
is consistent with findings from Min et al.?® who demon-
strated efficacy of these methods to identify spatial auto-
correlation in risk of amputation. Our study built on Min
et al's work by applying a clinical perspective to the
approach, using analytic epidemiologic methods to inte-
grate spatial data with relevant covariates to identify
high-risk areas for amputation while controlling for po-
tential confounders.

Limitations to our study are those inherent to database
research. The data are retrospective and cross-sectional
in nature, and the patients do not have unigque identi-
fiers. Therefore, single patients may have had multiple
admissions for amputations, which could skew the
data because certain risk factors could result in more ad-
missions for those individuals. Our results may also be
impacted by inconsistencies in coding during patient
hospitalizations. It should be noted, however, that the
majority of studies on this subject are subject to these
same limitations. Other limitations include
under-reporting of commonly undiagnosed conditions
incorporated in our spatial model (such as hypercholes-
terolemia), and the complexity of using zip code-level
data. For example, although zip code-level data are often
the highest level of granularity possible in health studies,
patient post office (PO) box information is sometimes re-
ported in place of residential address, which may be
located in a different county or zip code. In our study,
only 0.14% (n = 8) of cases were PO box associated and
these PO box cases were allocated to the standard zip
code containing the PO box zip code centroid. Finally,
our study is limited by the potential for a geographic
edge effect caused by patient leakage from border
counties or zip codes to other states for amputation
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procedures. This issue is common for West Virginia pa-
tients owing to close proximity to major hospitals in Ken-
tucky, Ohio, Virginia, Maryland, and Pennsylvania, and
may lead to an underestimation of risk along our border
counties.

Future directions for this research require a deeper
analysis of the high-risk counties and zip codes identi-
fied in our study. This includes a thorough analysis of
health care access and use, which requires evaluation
of physical barriers (roads, transportation) to care,
health care provider availability (presence of primary
providers, specialists and clinics/hospitals), and cultural
barriers to the access and use of care (which can be
achieved using qualitative methods). In addition,
patient-level database analysis using traditional biosta-
tistical analyses such as multivariate logistic regression
will help to identify independent risk factors for ampu-
tation in this population and should be performed to
complement the geospatial findings. Gaining a better
understanding of these issues will help to inform effec-
tive, evidence-based, community-level interventions
and policy reform to decrease the risk of amputation
in our state, and provide a model that can be used in
other rural areas in the country.

CONCLUSIONS

Our study provides important information on the
geographic patterns of amputation in West Virginia,
and identifies highly specific areas for amputation risk,
even after adjusting for covariates. These findings allow
for the targeting of more detailed studies to optimize
the allocation of resources for amputation prevention ef-
forts and also directs further research for a greater under-
standing of the etiology of this issue. In particular, it gives
direction for recruitment for qualitative analyses and al-
lows for more rigorous quantitative analysis in these
high-risk areas.
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APPENDIX (online only).

International Classification of Diseases (ICD) 9 and 10
codes

Diabetes definition

ICD-9 codes = 249.x, 250.x, 250.0x, 357.2, 362.0, 362.0x,
366.41, 648.0x

ICD-10 codes

E08.9, E09.9, E13.9, E08.65, E09.65, EO8.10, E09.10, E13.10,
EO08.01, EO09.01, E13.00, EO8.11, E08.641, EO9.11, E09.64]1,
E13.11, E13.64, EO08.21, E09.21, E08.311, E08.319, E08.36,
E08.37X1, E08.37X2, E08.37X3, E08.37X9, E08.39, E09.39,
E09.311, E09.319, E08.40, EO8.41, E08.42, E08.43, E08.44,
E08.49, E08.610, E09.40, E09.41, E09.42, E09.43, EO8.5I,
EO951, E1359, EO08.618, E08.620, E08.621, E08.622,
EO08.628, E08.630, E08.638, E08.65 E08.69, E09.618,
E09.620, E09.621, E09.622, E09.628, E09.69, E09.630,
E09.638, E08.649, E09.65 E09.69, EI13.620, E13.630,
E09.638, EO09.649, E13.620, EI13.621, EI13.622, E13.628,
E13.638, E13.649, E13.65, E13.69, E08.8, E09.8, E13.8, E09.9,
ET1.9, E10.9, EN.65, E10.65, ET1.10, E11.69, E13.10, EI10.10,
E13.10, E11.00, ET11.01, E10.69, E11.11, E11.641, E10.11, E10.641,
E11.29, E10.29, EN1.21, E10.21, E11.311, E11.319, E11.36, E11.39,
E10.311, E10.319, E10.36, E10.37X1, E10.37X2, E10.37X3,
E10.37X9, E10.39, E11.40, E10.40, EI1.51, EI0.51, EI1.618,
E11.620, ET11.621, E11.622, E11.628, E11.630, E11.638, E11.649,
E10.618, E10.620, E10.621, E10.622, E10.628, E10.630,
E10.638, E10.649, E11.69, E10.69, E10.8, E11.8, E10.42, E11.42,
E13.42, EI319, EN.3591, EN.3592, EI.3593, EI1.3599,
EN.3291, ET1.3292, EI11.3293, EI11.3299, EI11.3391, EI1.3392,
E11.3393, ET1.3399, EIT1.3491, ET1.3492, EI11.9493, EI11.3499,
ET1.311, E08.36, E09.36, E10.36, E11.36, E13.36, O319, 024.32,
024911, 024.912, O24.913, 0O24.92, O24.93

Peripheral arterial disease definition

ICD-9 codes = 429.2, 440.xX, 443.xX, 443.0, 4431, 4432,
44322, 44329, 4438, 44381, 44382, 443.89, 4439, 444 XX,
4450, 44502, 4458, 44589, 719.7, 730.0, 730.1, 730.2,
730.3, 730.8, 730.9, 731.8, 736.7, 736.8, 736.9

ICD-10 codes

12510, 170.0, 170.1, 170.209, 170.219, 170.25, 170.269,
170.299, 170.339, 170.499, 170.599, 170.92, 170.8, 170.90,
170.91, 173.00, 1731, 177.72, 177.75, 177.76, 177.77, 177.79,
1798, 173.81, 173.89, 173.9, 174.01, 174.09, 1741, 174.2, 1743,
1745, 174.8, 174.9, 175.029, 175.89, R26.2, M86.10, M86.20,
M86.119, M86.219, M86.129, M86.229, M86.139, M86.239,
M86.149, M86.249, M86.259, M86.159, M86.169, M86.269,
M86.179, M86.279, M86.18, M86.28, M86.19, M86.29,
M86.60, M86.619, M86.629, M86.639, M86.642, M86.659,
M86.669, M86.679, M86.68, M86.69, M86.9, M90.80,
M90.819, M90.829, M90.839, M90.849, M90.859,
M90.869, M90.879, M90.88, M90.89, M21.969, M21.549,
M21.6X9, M21.539, M21.80, M21.759, M21.769, M21.90
Obesity

ICD-9 codes =278.00, 278.01, 278.03, v85.4x, v85.3x
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ICD-10 codes

E66.9, E66.01, E66.2, Z68.41, Z68.42, Z68.43, Z68.44,
Z68.45, 76831, Z68.32, 76833, 726834, Z68.35, Z68.36,
Z68.37, 268.38, Z68.39

Hypercholesterolemia

ICD-9 codes = 272.x

ICD-10 codes

E78.00, E78.01, E78.1, E78.2, E783, E78.4, E785, E78.6,
E88.1, E75.21, E75.22, E75.249, E77.0, E77.1, E78.81, E78.89,
E88.89, E78.9

Renal failure

ICD-9 codes = 403.01, 40311, 40391, 404.02, 404.03,
40412, 40413, 40492, 404,93, 5855, 585.6, 586, 593.81,
V4511, V56x

ICD-10 codes

112.0, N3.11, N3.2, N18.5, N18.6, N19, N28.0, Z99.2, Z49.3],
Z49.01, Z49.02, Z49.32

Chronic kidney disease

ICD-9 codes = 249.4x, 250.4x, 403.x, 403.00, 40310,
403.90, 404X, 40400, 404.01, 40410, 40411, 404.90,
40491, 581.x, 581.8x, 582.x, 583.x, 585.1-585.4, 585.9

ICD-10 codes

EO08.21, EO09.21, EO08.65, E11.22, E11.29, E10.29, E10.22, E11.21,
EN.65, E10.21, E10.65, 112.9, 112.0, 113.0, 11311, 113.2, 113.10,
NO4.4, NO2.2, NO4.3, NO4.O, NO8, NO4.8, NO4.9, NO3.2,
NO3.3, NO34, N0O3.8, NO8, NO039, NO59, NO5.2, NO55,
N17.1, N17.2, NO5.8, 112.9, 113.10, 113.0, N18.1, N18.2, N18.3,
N18.4, N18.9

COPD

ICD-9 codes = 491.xx, 492.xx, 494.xx, 496, 519.8

ICD-10 codes

J41.0, I411, 341.8, 342, J44.1, J44.0, J44.9, J43.0, 3431, J43.2,
J43.8, 343.9, 347, 3471, 3479, J98.8

Congestive heart failure

ICD-9 codes = 40201, 40211, 40291, 404.01, 4041,
40491, 404.03, 404.13, 404.93, 425.4, 428.xX

ICD-10 codes

1.0, N3.0, 13.2, 142.5, 142.8, 150.814, 150.9, 150.1, 150.20,
150.21, 150.22, 150.30, 150.31, 150.32, 150.33, 150.40, 150.41,
150.42, 150.43, 150.810, 150.811, 150.812, 150.813, 150.82,
150.83, 150.84, 150.89

Coronary artery disease

ICD-9 codes = 410.xx, 411.xx, 412.xX, 414.X, 414.0x, 429.0,
4291, 4292, 4293, 4294, 4295, 4296, 4297, 42971,
429.79, 429.8, 429.81, 429.82, 429.89, 429.9, v45.81, V45.82

ICD-10 codes

121.09, 12119, 121.11, 121.29, 121.4, 121.3, 121.9, 121.Al, 121.A9,
1241, 120.0, 124.0, 124.8, 1252, 12510, 125.810, 125.811,
125.812, 1253, 125.41, 12542, 125.82, 125.84, 1255, 125.89,
125.9, I51.4, 1515, 151.7, 197.0, 197.110, 197.130, 197.190, I51.1,
I51.2, 151.0, 123.0, 151.89, I51.3, I51.9, Z95.1, Z95.5, Z98.61

Amputation

Major amputation. ICD-9 codes: 84.10, 84.13, 84.14, 84.15,
8416, 84.17
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ICD-10 codes:

8410= 0Y6C0Z1, 0Y6C0Z2,
0YeD0Zz2, 0YeDO0OZ3, 0Y6HOZI,
0Y6J0Z1, 0Y6J0Z2, OY6J0Z3

84.13= 0Y6MOZO0, 0Y6NOZO

84.14= OY6HOZ3, 0Y6J0Z3

84.15= 0Y6HOZ1, O0Y6HO0Z2,
0Y6J0Z2, 0Y6J0Z3

84.16= OY6FO0ZZ, 0Y6C0ZZ

8417= 0Y6COZ1, 0Y6CO0Z2,
0Y6D0Z2, 0Y6D0Z3

Minor amputation. ICD-9 codes: 84.11 (toe amp), 84.12
(TMA)

0Y6C0Z3,
0OY6HOZ2,

oyeD0Z1,
OY6HOZ3,

0OY6HOZ3, 0Y6J0ZI,

0YeC0OZ3, 0OYeDOZ1,

Minc et al 1717.e2

ICD-10 codes:

8411= 0Y6P0ZO, 0Y6P0OZI, 0Y6P0OZ2, O0Y6P0Z3,
0YeQO0Z0O, 0YeQO0ZI, 0YeQO0Z2, 0YeQO0Z3, 0Y6R0OZO,
0OYBR0OZ1, 0Y6R0Z2, O0YBR0OZ3, 0Y6S0zO, 0Y6SO0zI,
0Y6S0z2, 0Y6S0z3, O0Y6TOZO, O0Y6T0Z1, 0Y6eT0Z2,
0Y6T0Z3, 0YBUOZO, 0YeUOZI, 0YeUOZ2, 0YeUOZ3,
0YeVv0Zl, 0YeV0Z2, 0YeV0Z3, 0YewO0Zl, 0YewO0Z2,
0YBWO0Z3, 0Y6X0Z0O, 0Y6X0ZI, 0Y6X0Z2, 0Y6X0Z3,
0Y6YO0ZO, 0Y6YO0ZI1, 0Y6eY0Z2, OY6Y0Z3

84.12= 0Y6MOZ4, OY6MOZ5, 0Y6MOZ6, 0Y6MOZ7, OY6MOZS,
0Y6M0Z9, 0YeMOZB, 0Y6MOZC, 0Y6MOZD, OY6MOZF,
OY6NOZ4, O0OYBNOZ5, 0Y6NOzZe6, O0OYBNOZ7, 0OY6NOZS8,
0OYG6NO0Z9, OYENOZB, OYENOZC, OYENOZD, OY6NOZF
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Supplementary Table | (online only). County-level models using rate per 1000 of amputation as outcome

Obesity rate per 1000 0.0022 (—0.0026 to 0.0068)

Renal failure rate per 1000 0.0044 (—0.0086 to 0.0174)

COPD rate per 1000 —0.0026 (—0.0076 to 0.0023)

CAD rate per 1000 0.0011 (—0.0042 to 0.0065)

PAD rate per 1000 —0.0067 (—0.0753 to 0.0623)

Medicaid rate per 1000 0.0008 (—0.0062 to 0.0078)

Minor amputation county-level model (DIC = 187.47)

Hypercholesterolemia per 1000 —0.0012 (—0.0049 to 0.0025)

CKD rate per 1000 0.0012 (—0.0042 to 0.0067)

CHF rate per 1000 —0.0040 (—-0.0102 to 0.0023)

Log (diabetes rate per 1000) 41831 (—38.2288 to 47.0341)

Diabetes with PAD rate per 1000 0.0124 (—0.0509 to 0.0762)

Rurality —0.0165 (—0.5042 to 0.4721)

Obesity rate per 1000 0.0005 (—0.0020 to 0.0029)

Renal failure rate per 1000 0.0017 (—0.0019 to 0.0052)

COPD rate per 1000 —0.0015 (—0.0033 to 0.0004)

CAD rate per 1000 0.0011 (—0.0010 to 0.0032)

PAD rate per 1000 0.0546 (0.0329-0.0772)"

Medicaid rate per 1000 0.0005 (—0.0016 to 0.0027)

Minor amputation zip code-level model (DIC = 1884.68)

Hypercholesterolemia per 1000 —0.0011 (—0.0028 to 0.0006)

CKD rate per 1000 0.0025 (0.0002-0.0047)"

CHF rate per 1000 —0.0019 (—0.0040 to 0.0001)

Log (diabetes rate per 1000) 27.8627 (15.0319-41.2191)%
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Supplementary Table I (online only). Continued.

Diabetes with PAD rate per 1000 0.0514 (0.0317-0.0720)

Rurality 0.0725 (—0.2231 to 0.3698)

Supplementary Table Il (online only). County-level models using relative risk of amputation as outcome

Obesity rate per 1000 0.0022 (—0.0066 to 0.0104)

Renal failure rate per 1000 0.0047 (—0.0196 to 0.0288)

COPD rate per 1000 —0.0025 (—0.0119 to 0.0066)

CAD rate per 1000 0.0011 (—0.0087 to 0.0111)

PAD rate per 1000 —0.0022 (—0.0876 to 0.0838)

Medicaid rate per 1000 0.0009 (—0.0123 to 0.0138)

Minor amputation county-level model (DIC = 143.34)

Hypercholesterolemia per 1000 —0.0011 (—0.0091 to 0.0068)

CKD rate per 1000 0.0013 (—0.0106 to 0.0133)

CHF rate per 1000 —0.0047 (—0.0184 to 0.0089)

Log (diabetes rate per 1000) 23282 (—53.2750 to 58.5460)

Diabetes with PAD rate per 1000 0.0099 (—0.0766 to 0.0970)

Rurality —0.0200 (—1.0701 to 1.0473)

Obesity rate per 1000 0.0003 (—0.0015 to 0.0018)

Renal failure rate per 1000 0.0014 (—0.0012 to 0.0039)

COPD rate per 1000 —0.0010 (—0.0022 to 0.0002)

CAD rate per 1000 0.0002 (—0.0013 to 0.0018)

(Continued on next page)
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Supplementary Table Il (online only). Continued.
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