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Race and Socioeconomic Status Independently Affect Risk of Major

Amputation in Peripheral Artery Disease
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MPH, PhD; Jason Hockenberry, PhD; Peter W. F. Wilson, MD

Background—Black race has been shown to be a risk factor for amputation in peripheral artery disease (PAD); however, race has
been argued to be a marker for socioeconomic status (SES) rather than true disparity. The aim of this study is to study the impact
of race and SES on amputation risk in PAD patients.

Methods and Results—Patients with incident PAD in the national Veterans Affairs Corporate Data Warehouse were identified from
2003 to 2014 (N=155 647). The exposures were race and SES (measured by median income in residential ZIP codes). The
outcome was incident major amputation. Black veterans were significantly more likely to live in low-SES neighborhoods and to
present with advanced PAD. Black patients had a higher amputation risk in each SES stratum compared with white patients. In Cox
models (adjusting for covariates), black race was associated with a 37% higher amputation risk compared with white race (hazard
ratio: 1.37; 95% confidence interval, 1.30—1.45), whereas low SES was independently predictive of increased risk of amputation
(hazard ratio: 1.12; 95% confidence interval, 1.06—1.17) and showed no evidence of interaction with race. In predicted amputation
risk analysis, black race and low SES continued to be significant risk factors for amputation regardless of PAD presentation.

Conclusions—Black race significantly increases the risk of amputation within the same SES stratum compared with white race and
has an independent effect on limb loss after controlling for comorbidities, severity of PAD at presentation, and use of medications.
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Peripheral artery disease (PAD) is a global pandemic
affecting 8 million to 10 million adults in the United
States and >200 million people worldwide." Black patients
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have a 2- to 3-fold higher prevalence of PAD than white
patients.? A number of studies have shown black race to be
a significant risk factor for amputation in PAD.*® Advanced
clinical stage, presence of comorbid diabetes mellitus (DM)
and chronic kidney disease (CKD), and higher anatomic
complexity of disease not amenable to revascularization
have been put forth as reasons for poor limb salvage in
black patients.” Poorer patency of lower extremity bypasses
and endovascular interventions in black patients suggest
biological pathways affecting higher risk of amputation.*®?
Racial differences in endothelial oxidative stress and inflam-
mation may be mechanisms for poorer outcomes in PAD
patients.'®

Some authors have argued that race could be a marker for
socioeconomic status (SES) and thus for healthcare access,
as the reason for racial disparity in vascular outcomes.'' '3
Lack of access to care and regional clustering have been
shown to affect black patients disproportionately.®” Low SES
has been clearly linked with higher prevalence of coronary
artery disease (CAD), DM, hypertension, smoking, and
physical inactivity as well as poor CAD outcomes such as
myocardial infarction and cardiovascular death.'*'™ Low
income has been shown to be associated with prevalence of
PAD, but no research has clearly addressed the impact of SES
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Clinical Perspective

What Is New?

* Black race and low socioeconomic status (SES) are
independently predictive of major amputations in patients
with peripheral artery disease.

* In the presence of diabetes mellitus and chronic kidney
disease or end-stage renal disease, the predicted major
amputation risk of black patients with claudication and low
SES approaches the risk of white patients with critical limb
ischemia living in high-SES neighborhoods.

What Are the Clinical Implications?

* Black race should be considered not as a surrogate for
access disparity and low SES in patients with peripheral
artery disease but rather as an independent risk factor for
major amputations.

Early diagnosis and medical management of peripheral
artery disease and associated risk factors should be
considered for black patients with claudication, especially
with low SES, given their higher predicted risk of major
amputations.

on PAD outcomes or the interaction of race and SES on the
risk of amputation for PAD patients.

The aim of this study is to examine the impact of racial
disparity (black versus white) and low SES on limb loss in
patients with PAD. We also aim to gain better understanding
of the interaction of race and SES in the presence of high-risk
comorbidities (DM and CKD) and of the severity of PAD at
presentation on the risk of amputation in veterans across the
United States.

Methods

This study was approved by the Emory University institutional
review board and the Atlanta VA (US Department of Veterans
Affairs) Medical Center research and development committee.
Informed consent was waived for a retrospective cohort study
design with no human subject contact and minimal privacy
risks. The data, analytic methods, and study materials will not
be made available to other researchers for purposes of
reproducing the results or replicating the procedure given the
identifiable nature of the data sources.

Sample and Database

We reviewed the national Veterans Health Administration
Corporate Data Warehouse to identify patients with incident
symptomatic PAD (N=155 647) from 2003 to 2014, using a
validated algorithm for the /International Classification of

Diseases, Ninth Revision (ICD-9) diagnosis code for PAD plus
any 1 of 3 criteria: (1) 2 ankle-brachial indexes in 14 months,
(2) 2 visits to a vascular surgeon or clinic in 14 months, or
(3) any PAD procedure code.'® A patient entered the PAD
cohort on the earliest date of a PAD diagnosis code during the
study time frame; this is referred to as the PAD diagnosis
date. We excluded anyone with a PAD diagnosis code in the
previous 3 years (2000-2002) to capture incident cases.

Study Exposures and Outcome

The following exposures were of interest. Race was
abstracted from the national VA Corporate Data Warehouse
and from VA Medical SAS administrative databases and
was split into 3 categories: white, black, and other. Other
race composed only 1.3% of the cohort; therefore, this
group was excluded from further analyses. SES was
operationalized as median household income of the
patient’s most recent residential ZIP code tabulation area
(ZCTA). We wused data from the American Community
Survey, accessed through American Fact Finder. Specifi-
cally, we used 5-year 2010-2014 estimates from the
“Selected Economic Characteristics” table, stratified by
ZCTA." We linked the income data to the ZCTAs we had
for our patients from the VA data. We investigated crude
associations between our SES measures and amputation
risk and elected to dichotomize this variable (~$40 000
per year), representing meaningful changes in risk. For
sensitivity analyses, we used 2 other measures of SES:
(1) neighborhood poverty, as defined by the percentage of
individuals living below the poverty line in residential ZCTAs
(dichotomized as <20% and >20%), and (2) area deprivation
index (ADI). The ADI uses 17 US Census poverty, education,
housing, and employment indicators to characterize neigh-
borhood socioeconomic disadvantage and has been corre-
lated with a number of health outcomes including mortality
and rehospitalizations.'®' We used the methodology
described by Kind et al by estimating ADI at a 5-digit
ZCTA level (Table S1) and then divided ADI into 4 “national
ADI” categories: ADI-O (least deprived) composed 85% of
the population, whereas ADI-1, -2, and -3 were equally
sized 5% groupings, with deprived neighborhoods in
ascending order (ADI-3 indicated most deprived).

The outcome of interest was incident major amputation
(below- and above-knee amputations) after PAD diagnosis
during follow-up. Specific amputation codes are defined in
Table S2. The follow-up continued through amputation
occurrence, death (treated as a competing risk), or December
31, 2015 (at which the subject was censored). Patients with
prior amputations were included in the analysis, but incident
amputation was defined as the first major amputation after
PAD diagnosis.
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Covariates

A comprehensive list of patient demographics (age at PAD
diagnosis, sex), body mass index (underweight, normal weight,
overweight, or obese), smoking (current, former, never
smoker, or unknown, classified using a validated method for
text-based health factors'’), PAD severity (claudication,
critical limb ischemia [CLI], or unspecified, using /CD-9 codes
and additional tissue loss codes for CLI*%; Table S2), patient
comorbidities (DM, hypertension, CAD, chronic obstructive
pulmonary disease, congestive heart failure, atrial fibrillation,
carotid disease, depression, CKD or end-stage renal disease
[ESRD]), medication use (antiplatelets, statins, cilostazol, and
antiglycemics), serum creatinine, and urban/rural status of
residence. All covariates were measured as closely as
possible to the PAD diagnosis date with a 6-month limit.
Data were abstracted from the national VA Corporate Data
Warehouse and VA Medical SAS administrative databases
using administrative codes (Table S2) and pharmacy data
tables.

Statistical Analyses

Demographic and clinical variables were assessed for the
entire cohort and stratified by race and SES. Continuous
variables were expressed as mean£SD or as median
(interquartile range [IQR]) if they were not normally dis-
tributed. These were compared using independent-sample
t tests or the Wilcoxon rank-sum test. Discrete variables were
compared using xz tests for proportions. Proportions of
missing data were also calculated, and participants with and
without missing data were compared (Table S3). Complete
case analysis was used (except for smoking, for which missing
category was included), given the large sample size and
comparable exposures of race and SES in the participants
included in the Cox model and those missing other covariates.
The Cox models included higher proportions of patients with
current smoking and prevalence of comorbidities, likely
biasing our Cox model estimates toward the null. A large
proportion of patients with PAD did not have granular
information on PAD severity (claudication versus CLI), which
is a known drawback of the /CD-9 coding system; therefore,
these patients were handled as their /CD-9 code category of
unspecified symptoms.

Cumulative incidence function curves of amputation-free
survival, which account for death as a competing risk, were
plotted by race and SES for up to 10 years of follow-up.?' We
then calculated crude 1-, 3-, 5-, and 10-year survival estimates
from these curves.

Cause-specific Cox proportional hazards regression mod-
els were then constructed to calculate adjusted hazard
ratios (HRs) and 95% confidence intervals (Cls) for amputa-
tion. We began with a crude model containing only race

(model 1), then adjusted sequentially for age and sex (model
2) and DM, CKD/ESRD, and PAD severity (model 3) as well-
known risk factors for amputation in PAD patients. We then
added SES, as defined by median household income by
ZCTA (model 4), to the previous model to examine
the change in HRs for race on amputation risk and to
assess the impact of SES. Model 5 was then constructed by
the addition of all other covariates in Table 1 to the Cox
model to obtain a fully adjusted model for amputation risk.
We considered separate Cox models with alternative mea-
sures of SES (neighborhood poverty and ADI). We also
tested interaction terms for race and SES, but all interaction
terms were nonsignificant, so we report only the results of
models without interaction. All variables were found to meet
the proportional hazards assumption via log—log survival
curves for amputation and mortality. Wald confidence limits
were constructed for all HRs, and an additional Wald test
was run to compare the within-group comparisons. Further-
more, we constructed predicted risk curves at 3 years
(1-amputation—specific survival) for each race—SES stratum
of patients with claudication and CLI and stratified these
curves by DM and CKD/ESRD, as these are major predictors
of amputation risk in this population.

The statistical analysis was done using SAS version 9.4
(SAS Institute). Two-sided P<0.05 was considered statistically
significant.

Results

Our cohort consisted of 155 647 veterans with clinical PAD
with a median follow-up of 5.9 years. The majority of the cohort
was male (97.9%), with a mean age of 66.71+9.8 years. There
were 9517 major amputations and 63 287 deaths identified
during follow-up. The cohort was 82.6% white and 16.1% black.
SES variable distributions and other demographics are listed in
Table 1. Black veterans were significantly more likely than
white veterans to live in ZCTAs with lower SES, represented by
lower median household income (<$40 000: 50.7% versus
27.1%), higher neighborhood poverty (>20% individuals below
the federal poverty level: 58.8% versus 28.4%), and higher mean
ADI (105.4 versus 102.8). More black patients presented with
CLI compared with white patients (26.3% versus 19.9%;
P<0.0001) and had higher prevalence of DM (51.6% versus
44.1%; P<0.0001) and CKD/ESRD (15.5% versus 5.6%;
P<0.0001). White PAD patients had higher prevalence of CAD
(48.1% versus 37.6%; P<0.0001) and atrial fibrillation (12.9%
versus 7.9%; P<0.0001). Black patients were less likely to be on
a statin (66.5% versus 73.4%; P<0.0001) or antiplatelet
medication (75.9% versus 80.6%; P<0.0001) but more likely
to be on DM medication (44.4% versus 38.6%; P<0.0001)
compared with white patients. However, after PAD diagnosis,
black patients had more ankle-brachial index measurements
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Table 1. Demographic and Baseline Information for the PAD Cohort Stratified by Race and SES

Race* SES'
All Black White Income <$40 000 Income >$40 000

Patients, n 155 647 23 204 118 762 46 893 105 117
Race, %

White 82.6 72.4 87.2

Black 16.1 26.4 11.5

Other 1.3 1.2 1.3
Median household income of residential ZCTA, %

<$40 000 30.9 50.7 271

>$40 000 69.2 49.3 72.9
Individuals below poverty line in residential ZCTA, %

<20.0% 66.5 41.2 716 18.3 88.1

>20.0% 33.5 58.8 28.4 81.7 1.9
ADI, mean (SD) 103.1 (12.3) 105.4 (11.2) 102.8 (12.3) 111.2 (4.6) 99.5 (12.9)
Urban vs rural ZCTA, %

Urban (population >50 000) 67.3 87.1 63.2 60.3 70.4

Urban cluster (population <50 000) 20.1 8.8 224 23.8 18.5

Rural 12.6 4.1 14.5 15.8 11.1
Age, y, mean (SD) 66.7 (9.9) 64.8 (10.3) 66.9 (9.7) 66.0 (9.8) 66.9 (9.8)
Male sex (%) 97.9 97.4 98.1 97.9 97.9
Smoking

Current 51.4 56.5 51.0 54.3 50.1

Former 19.0 15.4 19.7 17.3 19.8

Never 6.5 6.7 6.1 6.4 6.5

Missing 23.2 214 23.2 22.1 23.6
BMI categories, ka/m?

Underweight (<18.5) 2.3 34 2.1 2.8 2.0

Normal (18.5-25) 26.3 30.5 25.2 285 25.3

Overweight (25-30) 36.0 34.2 36.4 25.6 36.2

Obese (>30.0) 35.4 31.9 36.4 33.1 36.5
Comorbidities (reference: no)

DM 45.5 51.6 441 459 453

Hypertension 84.2 90.1 83.1 85.4 83.7

CAD 46.3 37.6 48.1 45.2 46.7

CHF 16.4 18.9 15.9 16.6 16.2

COPD 8.5 7.1 8.9 8.5 8.5

AF 12.0 79 12.9 10.9 12.5

Carotid disease 63.8 59.7 64.7 63.2 64.1

Depression 16.0 15.6 16.3 16.2 15.8

CKD or ESRD 7.4 15.6 5.6 8.1 7.0
Taking any medications (%)

Statins 721 66.5 73.4 70.7 72.8

Antiplatelets 79.4 75.9 80.6 79.4 79.5

Continued
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Race* SES'
Al Black White Income <$40 000 Income >$40 000

Antiglycemics 39.7 44.4 38.6 40.3 39.4

Cilostazol 8.0 8.0 8.0 8.3 7.9
PAD severity per /CD-9 codes (%)

Unspecified 60.1 56.1 60.8 59 60.6

Claudication 19 17.7 19.3 18.9 191

CLI (rest pain/ulcer) 20.9 26.3 19.9 22.1 20.3
Laboratory

Creatinine, mean (IQR) 1.1 (0.9-1.4) 1.2 (1.0-1.7) 1.1 (0.9-1.3) 1.1 (0.9-1.4) 1.1 (0.9-1.4)
Outcomes

Mortality, % 40.7 38.3 40.2 419 39.7

Amputation, % 6.1 10.7 53 7.2 5.6

Antiplatelets include prasugrel, ticagrelor, dipyridamole, clopidogrel, or aspirin. ADI indicates area deprivation index; AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery
disease; CHF, congestive heart failure; CKD, chronic kidney disease; CLI, critical limb ischemia; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; ESRD, end-stage renal
disease; /ICD-9, International Classification of Diseases, Ninth Revision; IOR, interquartile range; PAD, peripheral artery disease; SES, socioeconomic status; ZCTA, ZIP code tabulation area.
*P for comparisons across race categories <0.0001 for all variables except total cholesterol, depression, and cilostazol (P<0.05).

P for comparisons across 2-level income categories <0.0001 for all variables except DM, carotid disease, cilostazol, and antiglycemics (P<0.05) and CHD, COPD, depression, antiplatelets,

and sex (P>0.05).

(median: 1.7 [IQR: 0.8-3.3] versus 1.6 [IQR: 0.8-3.2]; Kruskal—
Wallis test, P<0.001) and vascular procedures (median: 0.8
[IQR: 0.5-1.8] versus 0.75 [IQR: 0.4—1.5]; Kruskal-Wallis test,
P<0.001) than white patients during follow-up.

Unadjusted Associations of Race and SES With
Amputation and Mortality

The cumulative incidence function curves (Figure 1) plot
amputation-free survival over time for patients of different
race and SES categories. They depict statistically significant
differences in amputation-free survival across race—SES
categories, with black patients at particularly high risk and
white patients at the lowest risk. White patients in the high-
SES category (median ZCTA income >$40 000) had the
lowest amputation risk. Within races, differences in SES
categories were statistically significant only for white patients.
Amputation risks at 1, 3, 5, and 10 years were highest for
black patients in the low-SES group (4.4%, 7.2%, 9.4%, and
13.0%, respectively) and lowest for whites in the high-SES
group (2.1%, 3.3%, 4.3%, and 6.0%, respectively), with the risk
in the highest group being roughly double that of the lowest
group at each time point (Table 2).

Adjusted Associations of Race and SES With
Amputation and Mortality

In the crude model (model 1), black patients had roughly twice
the amputation risk of white patients (HR: 2.08; 95% Cl, 1.98—

2.19; Table 3). Adjusting for age and sex (model 2) only
slightly attenuated the HR for black patients (HR: 2.02; 95%
Cl, 1.93-2.12). Adjusting for DM, CKD, and PAD severity in
model 3 reduced the HR for black patients (HR: 1.56) versus
white patients (Table 3), suggesting substantial confounding
of the impact of race on amputation risk by these traditional
risk factors. In model 3, with the addition of PAD severity, the
HR for PAD with unspecified severity (versus claudication) was
0.88, suggesting a predominance of mild claudication,
asymptomatic PAD, or atypical forms of PAD in the unspec-
ified cohort, whereas CLI (resting pain, tissue loss) had an HR
of 7.8 for risk of amputations (versus claudication).

After adjusting for SES in model 4, the adjusted amputation
HR for black patients (HR: 1.53; 95% Cl, 1.45-1.60) did not
change substantially. Low SES in this model was associated
with a 12% greater risk of amputation versus high SES (HR: 1.12;
95% Cl, 1.07—1.17). The HR for SES did not change with
additional adjustments in model 5, although the HR for black
versus white patients was further attenuated (HR: 1.37; 95% ClI,
1.30—1.45) with the addition of other covariates. The additional
covariates with the largest impact on amputation risk were
female sex (HR: 0.5), congestive heart failure (HR: 1.34), current
smoking (HR: 1.26), use of insulin (HR: 1.5), and body mass
index (HR: underweight, 1.7; overweight, 0.7; and obese, 0.6;
Table S4, model 1). Prevalent use of medications including
statins (HR: 0.8), antiplatelet medications (HR: 0.9), and
cilostazol (HR: 0.8) was protective for amputation risk. When
we omitted medication use from the adjusted Cox model, we
found that the race—amputation risk association was stronger
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Figure 1. Cumulative incidence function curves of amputations in patients with incident peripheral artery
disease from 2003 to 2014 and data on race and socioeconomic status.

(HR: 1.41 versus 1.37 in model with medication use), whereas
the SES—amputation risk HRs remained the same (1.12),
suggesting that medication use was modifying or attenuating
the association between race and amputation risk (Table S4,
model 2). On replacing the CKD/ESRD variable (as defined by
ICD-9 diagnoses codes) by CKD stages (as defined by calcu-
lation of estimated glomerular filtration rate), we find a similar
association of race and SES with amputation risk (Table S4,
model 3). However, most of the elevated risk associated with
CKD is confined to CKD stage 4 (HR: 1.35; 95% Cl, 1.2—1.5) and
CKD stage5/ESRD (HR: 1.6; 95% Cl, 1.5—1.8). Neighborhood
poverty (HR: 1.16) and ADI (HR: 1.12 for ADI-2) had a similar
association with increased amputation risk when used as a
measure of SES in the adjusted Cox models (Table 4) instead of
median income by ZCTA. Black race remained an independent
predictor of worse amputation risk in each model (HR: 1.35,
Model 1 neighborhood poverty; and 1.40, Model 2 ADI,
respectively).

Predicted Amputation Risk by Race, SES, DM,
Kidney Disease, and PAD Severity
We then looked at predicted amputation risk at three years

stratified by presentation of claudication (Figure 2) and CLI
(Figure 3), based on the fully adjusted Cox model. The predicted

risk was further assessed by subgroups for race, SES, and
presence of comorbid DM or CKD/ESRD. As expected, our
analysis showed worse amputation risk for patients with CLI
across the board (7—26%) versus patients with claudication (1—
5%). In both claudication and CLI patients, those with both DM
and CKD/ESRD experienced the worst amputation risk regard-
less of SES category, followed by patients with one or the other
at roughly the same risk. Patients with neither DM nor CKD had
the best amputation-free survival in all race-SES categories.
Among patients with claudication (Figure 2), black patients had
higher amputation risks than white patients (with those of other
races falling in the middle) in both low- and high-SES categories.
For all races, higher SES was associated with fewer amputa-
tions (Figure 2). Similar patterns were observed among CLI
patients (Figure 3). Interestingly, black patients with claudica-
tion, low SES, and presence of DM and CKD/ESRD had a
predicted 3-year amputation risk of 5%, which is comparable to
white CLI patients with no DM or kidney disease (7%). In models
with interaction terms between race and SES, those terms were
not significant, and only noninteraction models are presented.

Discussion

Our study is one of the largest population-based studies
showing the independent impact of race and SES on lifetime
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Table 2. Crude Amputation Risk Estimates From Cumulative Incidence Function Curves at 1, 3, 5, and 10 Years

Major Amputation Risk, % (95% Cl)

RacexSES (Income) 1y 3y 5y 10y
Black

<$40 000 4.4 (41-4.8) 7.2 (6.8-7.7) 9.4 (8.8-9.9 13.0 (12.3-13.9)

>$40 000 4.3 (4.0-4.7) 6.8 (6.4-7.3) 8.9 (8.4-9.5) 12.9 (12.2-13.7)
White

<$40 000 2.4 (2.2-2.6) 3.9 (3.74.1) 5.0 (4.8-5.3) 6.9 (6.6-7.2)

>$40 000 2.1(2.0-2.2) 3.3(3.2-34) 4.3 (4.2-4.4) 6.0 (5.9-6.2)

Cl indicates confidence interval; SES, socioeconomic status.

risk of amputations in incident PAD patients. We confirmed
the negative impact of well-known risk factors such as DM,
kidney disease, and CLI at presentation on limb loss for PAD
patients and showed how black race is disproportionately
affected even after accounting for these comorbidities and
advanced presentation. Low SES increases the risk of
amputation for each race and risk subgroup. Traditionally,
claudication has been regarded as an early sign of PAD and of

having a low risk of amputation; however, we showed that
black patients with claudication, DM, and kidney disease have
a high risk of amputation comparable to that of white
healthier CLI patients. This finding suggests a role for early
diagnosis and aggressive management of PAD in black
patients.

Our findings are consistent with other studies showing that
racial disparity and low SES may contribute to the increased

Table 3. Cause-Specific Cox Proportional Hazards Models for Impact of Race and SES on Amputations

Model 1 Model 2 Model 3 Model 4 Model 5*
Race, Age, Sex, DM, Race, Age, Sex, DM,
Race, Age, Kidney Disease, and Kidney Disease, PAD
Variable Unadjusted and Sex PAD Severity Severity, and SES Fully Adjusted Model
Race

White Ref. Ref. Ref. Ref. Ref.

Black 2.08 (1.98-2.19) 2.02 (1.93-2.12) 1.56 (1.49-1.64) 1.53 (1.45-1.60) 1.37 (1.30-1.45)
Age’ 0.99 (0.98-0.99) 0.99 (0.99-0.99) 0.99 (0.98-0.99) 0.99-0.98-0.99)
Sex

Male Ref. Ref. Ref. Ref.

Female 0.39 (0.31-0.49) 0.46 (0.37-0.57) 0.46 (0.36-0.57) 0.46 (0.37-0.57)
DM 1.71 (1.63-1.79) 1.72 (1.64-1.80) 1.64 (1.49-1.82)
CKD or ESRD 2.02 (1.89-2.15) 2.03 (1.90-2.16) 1.59 (1.46-1.73)
PAD severity

Claudication Ref. Ref. Ref.

Unspecified* 0.88 (0.81-0.96 0.88 (0.81-0.96) 0.88 (0.80-0.96)

cL 7.76 (7.72-8.41) 7.74 (7.14-8.39) 6.43 (5.92-6.98)
SES: median income (household) of residential ZCTA

>$40 001 Ref. Ref.

<$40 000 112 (1.07-1.17) 1.12 (1.06-1.17)

Data are shown as hazard ratio (95% confidence interval). CKD indicates chronic kidney disease; CLI, critical limb ischemia; DM, diabetes mellitus; ESRD, end-stage renal disease; PAD,
peripheral artery disease; Ref., referent; SES, socioeconomic status; ZCTA, ZIP code tabulation area.
*Fully adjusted model also adjusted for comorbidities including hypertension, coronary artery disease, congestive heart failure, chronic obstructive pulmonary disease, atrial fibrillation,
carotid disease, depression, body mass index, urban/rural population mix, smoking, creatinine level, and medication use (statins, antiplatelet agents, cilostazol, and antiglycemics [insulin/

oral]).
TOne-year increase.
*Per International Classification of Diseases, Ninth Revision codes.
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Table 4. Cause-Specific Cox Proportional Hazards Models for
Impact of Race and SES on Amputations in PAD: Sensitivity
Analysis Using Alternative Measures of SES

Model 1* Model 2*
SES Measure:
Neighborhood
Variable Poverty SES Measure: ADI
Race
White Ref. Ref.
Black 1.35 (1.28-1.43) | 1.40 (1.33-1.47)
Individuals below poverty line in residential ZCTA (%)
<20% Ref.
>20% 1.16 (1.11-1.22)
ADI categories
ADI-0 (least disadvantaged) | --- Ref
ADI-1 0.99 (0.89-1.09)
ADI-2 1.12 (1.02-1.23)
ADI-3 (most disadvantaged) 1.05 (0.96-1.16)

Data are shown as hazard ratio (95% confidence interval). ADI indicates area deprivation
index; PAD indicates peripheral artery disease; Ref., referent; SES, socioeconomic status;
ZCTA, ZIP code tabulation area.

*Fully adjusted models also adjusted for age, sex, comorbidities (diabetes mellitus,
chronic kidney disease/end-stage renal disease, hypertension, coronary artery disease,
chronic obstructive pulmonary disease, atrial fibrillation, carotid disease), depression,
smoking, creatinine level, PAD severity, diagnosis year, urban/rural ZIP code area, body
mass index.

amputation rate of PAD patients.”?%?3 The biological mech-
anisms postulated for this disparity include a proinflammatory
state that tends to affect black patients'®?* and people with
low SES?® disproportionately, even after adjustment for
difference in cardiovascular risk. Black race, DM, and kidney
disease have all been associated with arterial stiffness, small-
vessel disease, and infrapopliteal occlusive disease.?%?”
These differences in comorbidities and inflammation may
alter the natural progression of PAD and the success of
medical or surgical interventions, supporting the independent
effects seen in our study for black patients and those in poor
socioeconomic strata. A recent analysis of lower extremity
bypasses in the National Surgical Quality Improvement Project
database found that black patients had a higher incidence of
femoral-tibial or popliteal-tibial bypasses compared with
white PAD patients.?® Involvement of distal tibial vessels in
PAD may preclude successful attempts at revascularization
and increase the need for primary amputation.”?%?3 Despite
revascularization, black race has been shown to affect patency
of open and endovascular procedures.*®??® The predilection
for more aggressive atherosclerotic disease burden is further
supported by our findings of the higher predicted 3-year
amputation risk (5%) seen in black patients with DM and
CKD/ESRD living in low-SES neighborhoods despite present-
ing early with claudication. In contrast, white patients with CLI

and without the other risk factors have only a 7% predicted risk
of limb loss over the same time.

Most studies, including our analysis, find that black
patients present late in the course of their disease and more
frequently ~ with  gangrene  compared with  white
patients.”?>?*?° Recent publications have attempted to
evaluate whether the well-described occurrence of primary
amputation rather than attempt at revascularization for black
patients is due to provider bias or lack of access to quality
care compared with clinical presentation. We saw a higher
number of post diagnosis ankle-brachial indexes and revas-
cularizations at follow-up for black patients, suggesting a lack
of bias in the VA system. Conversely, Regenbogen et al found
that black Medicare beneficiaries undergoing lower extremity
amputations were less likely to be treated by vascular
specialists and less likely to be treated at high-volume
hospitals. Racial gaps persisted even among high-performing
physicians, suggesting differences in provider clinical deci-
sion-making and management.?’ Holman et al also found that
black Medicare beneficiaries were less likely to undergo limb-
salvage procedures than their white counterparts leading up
to amputation and that differences in rates of care were due
to differences in how black and white patients were treated
within hospital referral regions and not to regional differences
in where they received care.?® Durazzo et al found worsening
of the racial gap in hospitals with the greatest capacity to
perform revascularizations. Contrary to our findings, they saw
increased disparity in limb loss for black patients living in
wealthier areas even though there was an overall increase in
the likelihood of receiving revascularization for all patients
residing in wealthier ZIP codes.” Provider bias, influenced by
race, in the management of cardiovascular disease has been
described in the literature.>*3" We found that black patients
had lower rates of prescriptions for statins and antiplatelet
agents in our cohort compared with white patients. Low SES
was associated with lower use of statins but not of
antiplatelet agents, which are largely available as generic
products, suggesting a role for medication affordability and
copayments. Nevertheless, our findings in adjusted models of
independent association of black race and low SES with
increased amputations accounted for the medical manage-
ment of PAD.

Studies have also shown that black patients tend to reside
in residential ZIP codes with low income.”*? Although
insurance status has been shown to increase the likelihood
of amputation in PAD in the United States,??%*
nomic deprivation is associated with lower extremity ampu-
tations in a nationalized health system like the United
Kingdom.3* Studies from the VA system have shown better
health outcomes for minorities with CAD, heart failure, and
hospitalizations.>*> " Our study shows that efforts may be
needed in the VA system to decrease the disparity for black

socioeco-
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Figure 2. Three-year predicted risk of amputation in each race-socioeconomic status (SES) stratum of
patients with claudication, stratified by diabetes mellitus and chronic kidney disease/end stage renal

disease (CKD/ESRD) status.

and low-SES patients regarding PAD amputations. A striking
finding from our analysis is the high predicted risk of ~5% for
3-year amputation risk in black patients with DM and kidney
disease despite early presentation as patients with claudica-
tion. This emphasizes the need for strategies to identify PAD
early in especially vulnerable populations and to target
aggressive risk factor control and optimal medical manage-
ment. Supervised exercise therapy, which is now covered by
Medicare for first-line treatment of claudication, may help
prevent progression of PAD to CLI and amputation. Contem-
porary studies have shown a decline in amputation rates for
Medicare beneficiaries with PAD in general and across racial
subgroups, although disparities still exist.>*® Multidisciplinary
preventative measures such as diabetic control and wound
care, along with patient and community engagement, seem to
decrease racial disparity in limb loss among diabetic patients
and may hold promise in PAD care.'>%®% Increased aware-
ness and education of providers in reducing implicit bias in
the treatment of PAD is also needed.*® Future research
directions include implementation and dissemination of
quality-driven metrics and evaluation of longitudinal manage-
ment programs of PAD patients to improve limb salvage
whether using medical or surgical treatment options.

Our study has several limitations. First, the observational
nature of this study using administrative data and clinical care

records makes it susceptible to bias due to data collection
and missingness, although we have described in detail our
analytical methods for covariate identification and handling of
missing data. Complete case analysis may introduce bias due
to unmeasured differences in missing data; however, we
performed a detailed comparison of our missing and included
cohorts in Table S3. Our main source of missingness was the
exposure of interest (ie, race and SES), thus we chose
complete case analysis over imputation techniques. Another
limitation is a high number of patients with unspecified
disease severity (59%); this may reflect weaknesses of the
ICD-9 coding scheme in chronic disease*' or underrecognition
of disease severity as a prognostic factor in PAD.***
However, the amputation risk estimates for the unspecified
category are <1 (HR: 0.88), suggesting mostly less severe
disease, including asymptomatic PAD or minor symptoms. For
the purposes of adjusted or predicted amputation risk, we
used model estimates that were clearly classified as claudi-
cation or CLI to obtain accurate risk prediction for racial
subgroups and to show disparity in amputation risk. The
occurrence of amputation was captured by a combination of
procedure codes and diagnostic codes. Those happening
outside the VA would be captured as diagnoses codes if they
were seen by a VA provider following that surgery or if the VA
paid for that care. We could miss the occurrence of
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Figure 3. Three-year predicted risk of amputation in each race-socioeconomic status (SES) stratum of
patients with critical limb ischemia (CLI), stratified by diabetes mellitus and chronic kidney disease/end

stage renal disease (CKD/ESRD) status.

amputations in a small percentage of patients who sought all
care outside the VA system and did not use VA coverage (fee
basis). We made comprehensive efforts to show the etiolog-
ical nature of the racial and SES disparity using multiple
models with additional covariates based on known risk factors
for PAD amputations, but the analysis may be susceptible to
residual confounding. The analysis focuses on risk factors at
baseline, and we did not account for time-varying covariates
in terms of progression of DM or CKD and suspect that it may
further highlight the disparity faced by black patients in terms
of biological risk. Our study is based on Veterans Health
Administration data, and it is overwhelmingly composed of
male patients. Results may differ in a non-VA population.
Given the nature of administrative data, we cannot determine
the role of patient preference and choices in the outcome of
amputation, and its relationship to race or SES is unknown.
In conclusion, our study is a large population-based study
using national veteran health administrative data and shows
the importance of black race and low SES in independently
affecting amputation risk of incident PAD patients, despite
controlling for multiple risk factors and medical management
of PAD. Furthermore, we showed the variation in predicted
risk of amputation for claudication and CLI patients by race,
low SES, and presence of DM and kidney disease. Black

patients seem to be continually disadvantaged in terms of
high occurrence of comorbid conditions, residence in low-SES
areas, and increased risk of limb loss despite early presen-
tation as patients with claudication compared with white
patients, even after adjusting for multiple risk factors.
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SUPPLEMENTAL MATERIAL



Table S1. Components of Area Deprivation index.

The ADI is a validated, weighted factor-based index which uses 17 markers of socioeconomic
status including poverty, education, housing and employment indicators drawn from US Census
data to create a measure of socioeconomic context for a particular census-based unit (data

derived from Singh et al, American journal of public health. 2003;93:1137-1143).

Percent of population aged >= 25 years with < 9 years of education

Percent of population aged >= 25 years with < a high school diploma

Percent of employed persons >=16 years of age in white-collar occupations

Median family income

Income disparity (Defined by Singh as the log of 100 * the ratio of the number of
households with <$10,000 in income to the number of households with $50,000
or more in income.)

Median home value

Median gross rent

Median monthly mortgage

Percent owner-occupied housing units (home ownership rate)

Percent of civilian labor force population >= 16 years of age unemployed
(unemployment rate)

Percent of families below the poverty level

Percent of population below 150% of the poverty threshold

Percent of single-parent households with children < 18 years of age

Percent of households without a motor vehicle

Percent of households without a telephone

Percent of occupied housing units without complete plumbing

Percent of households with more than one person per room (crowding).

We estimated ADI at a 5 digit ZCTA by averaging the 9 digit ADI estimations for each zip code.
We used the methodology described by Kind et al (Annals of internal medicine. 2014;161:765-
774) and using datasets from the Health Innovation Program. Area Deprivation Index. UW

Health Innovation Program; 2014. Available at: http://www.hipxchange.org/ADI.



Table S2. ICD-9 diagnosis and CPT codes used to define comorbidities and amputations.

Comorbid Codes used
condition
Depression ICD9 diagnosis codes: 293.83, 296.0, 296.21, 296.22, 296.23, 296.24, 296.25,
296.26, 296.30, 296.31, 296.32, 296.33, 296.34, 296.35, 296.36, 300.4, 311
Hypertension | ICD9 diagnosis codes: 401.0 - 406
Coronary ICD9 diagnosis codes: 410.0 or 414.9
Artery Disease | ICD9 ProcedureCode:36.xx
(CAD)
Atrial ICD9 diagnosis codes: 427.31 or 427.32
Fibrillation
Carotid artery | ICD9 diagnosis codes: 433.00 - 433.91,433.1, 433.10, 433.3, 433.30, 433.11,
stenosis 433.31, 433.9,433.90, 433.91, 435.8 ,435.9, 784.94, 368.12, 434.91 ,436,342,
368.11, 368.44, 362.84, 435 ,437, 443.21, 900.01, 781.4, V12.54, 784.5
,780.4, 780.2 ,368.9, 781.3, 447.1, 447.9,V72.81,v72.83, v72.84, 362.xx
ICD9 Procedure Code: 00.63,38.12
CPT Code: 37215,37216,37217,0075T,35301
Congestive ICD9 diagnosis codes: 428.0-428.9
Heart Failure
(CHF)
Chronic ICD9 diagnosis codes: 490,491.0, 491.1, 491.2, 491.20, 491.21, 491.22, 491.8,
Obstructive 491.9, 492.0, 492.8, 494, 494.0, 494.1, 496, 493.00, 493.01, 493.02,
Pulmonary 493.10, 493.11, 493.12, 493.20, 493.21, 493.22,
Disease 493.81, 493.82, 494.90, 493.90, 493.92
(CoPD)
Chronic ICD9 diagnosis codes: 403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.12,
Kidney 404.13, 404.92, 404.93,585.5,585.6, V45.11, V45.12, V56.0, V56.1, V56.2,
Disease/End V56.32, V56.9,996.73
Stage Renal
Disease ICD9 Procedure Code: 38.95
(CKD/ESRD)
Amputation ICD9 Procedure Code: 84.10, 84.14, 84.15,84.16, 84.17, 84.18, 84.19
CPT Code: 27290, 27295, 27590, 27591,27592,27598, 27880, 27881,27882
Critical limb ICD9 diagnosis codes: 040.0, 785.4, 730.07, 730.17, 730.27, 730.97, 707.14,
ischemia 707.15, 707.1, 680.7, 682.7, 681.10, 681.11
(additional CPT codes: 11044, 10060, 10061, 20000, 20005
codes besides
PAD coding)




Table S3. Comparison of missing and non-missing demographics. Stratified by no vs. any
missing data, and observations included in and excluded from each Cox proportional hazards

models due to missing data.

Excluded
. from Cox
Variable All % models
- (missing
covariates)*
N 155,647 129,157 26,490
Race [Missing= 11,872 (7.6%)]
White 82.6 82.53 83.21
Black 16.14 16.24 15.25
Other 1.26 1.23 1.55
Median Household Income of Residential ZCTA
[Missing= 3637 (2.3%)]
<=$40,000 30.85 30.99 30.06
> $40,000 69.15 69.01 69.93
Urban vs. Rural ZCTA, %[(Missing= 3208
(2.1%)]
Urban Area (pop. > 50K) 67.27 67.66 65.12
Urban Cluster (pop. <=50K) 20.1 19.9 21.18
Rural 12.63 12.44 13.7
67.89
Age (y) [Missing=11(0.01% )] 66.66 (9.85) | 66.41(9.74) (10.27)
Sex (% Male) [Missing= 11(0.01% )] 97.92 97.93 97.88
Smoking
Current 51.38 52.48 46.01
Former 19.01 19.21 18.08
Never 6.46 6.36 6.95
Missing 23.15 21.96 28.96
BMI, kg/m2 [Missing= 9514 (6.1% )]
Underweight (<18.5) 2.29 2.29 2.25
Normal Weight, 18.5-24.9 26.25 26.08 27.52
Overweight (25.0-29.9) 36.02 35.93 36.74
Obese (30.0+) 35.44 35.7 33.49
1.10 (0.90- 1.10 (0.90- 1.10 (0.90-
Serum Creatinine [Missing= 3613 (2.3% )] 1.40) 1.40) 1.40)
Comorbidities [Missing= 0 (0% )]
Diabetes 45.52 46.1 42.68
Hypertension 84.22 85.02 80.28




CAD 46.25 47.1 42.13
CHF 16.4 16.87 14.12
COPD 8.53 8.82 7.09
AF 12.01 12.26 10.8
Carotid Disease 63.79 65.07 57.55
Depression 15.99 16.52 13.41
CKD or ESRD 7.37 7.6 6.25
PAD severity, % [Missing=0 (0% )]
Unspecified (per ICD-9 codes) 68.54 68.39 69.25
Claudication 20.2 20.1 20.66
Critical Limb Ischemia 11.26 11.51 10.08

Abbreviations: PAD, Peripheral Artery Disease; VHA, Veterans Health Administration; SD,
standard deviation; IQR, interquartile range; BMI, body mass index; CAD, coronary artery
disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; AF, atrial
fibrillation; CKD, chronic kidney disease; ESRD, end stage renal disease; mg, milligram; dL,
deciliter.

“p for comparisons across Cox inclusion/exclusion <0.0001 for all variables except income, and

poverty (p<0.05); and creatinine and sex (p>0.05)



Table S4. Cause specific Cox proportional hazard models for impact of race and
socioeconomic status on amputations: (1) Fully adjusted primary model, (2) Fully adjusted
model without medications and (3) Fully adjusted model using CKD as defined by eGFR

Model 1 Model 2 Model 3
Variable Fully adjusted Fully adjusted Fully adjusted
model model without model using CKD
medications by eGFR
Race

White Ref. Ref Ref.

Black 1.37 (1.30,1.45) | 1.41(1.34,1.49) 1.38 (1.30, 1.45)
Median Income (Household) of
Residential ZCTA

$40,001+ Ref. Ref Ref

<=$40,000 1.12(1.06,1.17) |1.12(1.07,1.17) |1.12(1.06,1.17)
Age (1-year increase) 0.99,0.98,0.99) | 0.99(0.98,0.99) | 0.99(0.99, 0.99)
Sex

Male Ref. Ref Ref.

Female 0.46 (0.37,0.57) | 0.46 (0.36,0.57) | 0.46 (0.37,0.57)
Diabetes 1.64(1.49,1.82) |1.90(1.10,1.28) |1.65(1.50,1.82)
CKD or ESRD 1.59(1.46,1.73) | 1.67(1.54,1.83) |-

PAD Severity
Claudication Ref. Ref Ref

Unspecified (per ICD-9 codes)

0.88 (0.80, 0.96)

0.90 (0.83 - 0.98)

0.88 (0.80, 0.96)

Critical Limb Ischemia

6.43 (5.92, 6.98)

6.99 (6.45, 7.59)

6.41 (5.91, 6.96)

Urban

Urban Area, pop. > 50k

Ref.

Ref

Ref.

Urban Cluster, pop. 2.5k-50k

0.99 (0.93, 1.05)

0.98 (0.93, 1.04)

0.93 (0.86, 1.00)

Rural

0.93 (0.87, 1.01)

0.93 (0.86, 1.00)

0.99 (0.93, 1.05)

Comorbidities (ref: no)

Hypertension

1.22 (1.14,1.32)

1.19 (1.10, 1.28)

1.23 (1.14,1.32)

Coronary Artery Disease

1.09 (1.04, 1.14)

1.04 (0.99, 1.09)

1.09 (1.04, 1.15)

Congestive Heart failure

1.34 (1.26, 1.42)

1.37 (1.29, 1.45)

1.33 (1.26, 1.41)

COPD

0.90 (0.83, 0.99)

0.90 (0.83, 0.98)

0.90 (0.83, 0.98)

Atrial Fibrillation

1.22 (1.14, 1.30)

1.23 (1.15, 1.31)

1.22 (1.14,1.31)

Carotid Disease

1.14 (1.09, 1.20)

1.16 (1.10, 1.22)

1.14 (1.09, 1.20)

Depression

1.07 (1.01, 1.13)

1.09 (1.03, 1.16)

1.07 (1.01, 1.13)




BMI (kg/m2)

Normal Weight (18.5-24.9)

Ref.

Ref

Ref

Underweight (<18.5)

1.67 (1.49, 1.87)

1.72 (1.54, 1.92)

1.67 (1.49, 1.86)

Overweight (25.0-29.9)

0.70 (0.66, 0.74)

0.70 (0.66, 0.74)

0.70 (0.67 , 0.75)

Obese (30.0+) 0.60 (0.57,0.64) | 0.61(0.58,0.65) | 0.60 (0.57,0.64)
Smoking

Current 1.26 (1.15,1.38) |1.22(1.11,1.33) | 1.25(1.15,1.37)

Former 1.01(0.91,1.11) |0.98(0.89,1.09) | 1.00(0.91,1.11)

Never Ref. Ref Ref.

Unknown 1.05 (0.95,1.12) | 1.03 (0.94,1.14) | 1.04 (0.94,1.15)

Creatinine (1 mg/dL increase)

1.02 (1.00, 1.04)

1.03 (1.01, 1.04)

1.01 (0.99, 1.03)

Medications

Statin (Ref. = None)

0.81 (0.77, 0.85)

0.81(0.77, 0.85)

Antiplatelets (Ref. = None)

0.91 (0.86, 0.96)

0.91 (0.86, 0.96)

Antiglycemics (Ref. = None)

Oral

0.91 (0.82, 1.00)

0.90 (0.82, 1.00)

Insulin 1.46 (1.33,1.61) |- 1.46 (1.33, 1.61)
Cilostazol (Ref. = No) 0.81(0.74,0.90) |- 0.81 (0.73, 0.90)
CKD stage by eGFR
None/Stage 1-2 - - Ref.
Stage 3 - - 0.91 (0.86,0.97)
Stage 4 - - 1.35(1.19, 1.52)
Stage 5/ESRD - - 1.60 (1.46, 1.76)

Abbreviations: HR, hazard ratio; Cl, confidence interval; ZCTA, zip code tabulation area; BMI,

body mass index; CKD, chronic kidney disease; ESRD, end stage renal disease, COPD: Chronic

obstructive pulmonary disease.




