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IMPORTANCE Claudication is associated with walking impairment, but amputation risk is
generally low unless symptoms progress to chronic limb-threatening ischemia (CLTI).
Disparities in amputation risk have been described previously, but population-specific rates of
revascularization for claudication, postrevascularization progression from claudication to
CLTI, and rates of guideline-based risk-reduction pharmacotherapy are unknown.

OBJECTIVE To explore the impact of intersectional identity among a cohort of patients with
claudication on progression to CLTI, amputation, and mortality following revascularization.

DESIGN, SETTING, AND PARTICIPANTS This national cohort study was conducted using the
Vascular Quality Initiative (VQI) procedural registry, which was linked to the Medicare dataset
of patients who underwent index revascularization for claudication from January 1, 2016, to
December 31, 2019. Patients with claudication undergoing an index lower-extremity
revascularization procedure (aortoiliac and infrainguinal arterial occlusive disease) at
VQI-participating centers were eligible for inclusion. Data analysis was conducted from
December 2024 to February 2025.

EXPOSURE The primary exposure was an intersectional variable combining race, ethnicity,
and sex.

MAIN OUTCOMES AND MEASURES The primary outcome was development of CLTI within 180
days after index revascularization (defined by a validated CLTI-specific International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision [ICD-10]
code). Secondary outcomes included major amputation and mortality. Survival analyses were
used to examine outcomes.

RESULTS Among 10 012 patients undergoing revascularization for claudication (median [IQR]
age, 71 [66-76] years; 3850 female patients [38.5%]), self-identified intersectional identity
distribution was 151 (1.5%) Hispanic men, 92 (0.9%) Hispanic women, 502 (5.0%)
non-Hispanic Black men, 422 (4.2%) non-Hispanic Black women, 5509 (55.0%) non-Hispanic
White men, and 3336 (33.3%) non-Hispanic White women. Black and Hispanic patients with
claudication were more likely to have diabetes and be undergoing dialysis. Black men had the
highest prevalence of active smokers (38.6%) while Hispanic women were more often never
smokers (30.4%). A higher proportion of White men (80.9%) were receiving preoperative
statin therapy compared to all other groups. The highest rates of postrevascularization
progression to CLTI within 180 days were observed among Black women (11.8%; Hispanic:
3.8%; White: 5.9%), followed by Hispanic men (8.8%; Black: 7.2%; White: 5.2%). Major
amputation rates were also highest among Black patients (180 days: Black women, 0.8%;
Black men, 0.7%).

CONCLUSIONS AND RELEVANCE According to the results of this cohort study, Black women
had the highest rate of postrevascularization progression from claudication to CLTI.
Development of practice- and policy-level standards incentivizing evidence-based
claudication management may support equitable outcomes and reduce disparities.
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C laudication is prevalent among 7% of adults over age
50 years and is the mildest form of symptomatic periph-
eral artery disease (PAD).1,2 Most patients with claudica-

tion do not experience disease progression to chronic limb-
threatening ischemia (CLTI), which increases the risk for
reintervention, major amputation, and mortality.3 Reported rates
of progression to CLTI are low over 5 years.4,5 Lower-extremity
revascularization (LER) for claudication, however, has also been
reported as a risk factor for progression to CLTI.6-8 Diabetes,
chronic kidney disease, and smoking are established risk
factors for progression to CLTI in patients with claudication.9-11

Increasing age, male sex, and early LER for claudication were also
implicated as risk factors for disease progression.7,8

Race- and sex-based disparities in CLTI outcomes have been
widely reported; however, outcomes among structurally
vulnerablepopulationswithclaudicationremainunderstudied.12

Whilesociodemographicfactors,suchasethnoracial identityand
self-reported gender, have been previously reported as strong
risk factors for inferior clinical outcomes in patients with CLTI,
it is unclear how these social constructs influence outcomes in
patients with claudication. Health care disparities approaches
based on intersectionality, a framework in which one’s experi-
ences and outcomes are shaped by the complex interplay of mul-
tiple social identities, allow for more nuanced understanding of
how health care access and delivery differentially affect treat-
ment outcomes for various populations.

The objectives of this study are 2-fold—first, to examine
disease progression to CLTI among patients undergoing an in-
dex LER for claudication, and second, to determine if disease
progression varies between groups based on their self-
reported ethnoracial and sex identities.

Methods
Data Sources
The Vascular Quality Initiative (VQI) is a procedural registry
that collects sociodemographic, procedural, and outcomes data
from more than 980 participating centers.13 The Vascular Im-
plant Surveillance and Interventional Outcomes Network (VQI-
VISION) database links the VQI to patient-level Medicare claims
data, providing a more complete longitudinal record of health
care utilization for patients after vascular surgery.14 We imple-
mented the 2019 VQI-VISION Medicare claims linkage data,
which encompasses all VQI procedures among Medicare ben-
eficiaries between 2003 and 2019. Due to known crosswalk
challenges between International Classification of Diseases,
Ninth Revision (ICD-9) and Tenth Revision (ICD-10) coding sys-
tems, the analysis dataset was restricted to years 2016 to 2019.
This study was approved by the institutional review boards of
Emory University and Weill Cornell Medicine with a waiver of
consent, as data were deidentified, and adheres to the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) reporting guidelines for cohort studies.15

Study Population
Using VQI-VISION, we identified the index peripheral vascular
intervention (PVI), supra-inguinal bypass (SUPRA), and/or infra-

inguinalbypass(INFRA)performedonadultsatVQI-participating
centers for claudication between January 1, 2016, and Decem-
ber 31, 2019. These procedures are coded under each module
(PVI, SUPRA, and INFRA) as structured variables within VQI. We
excluded individuals with a prior diagnosis of CLTI, including
index LER for CLTI; those with a procedural indication of aneu-
rysm, acute limb ischemia, or emergent LER; any patient not
enrolled in fee-for-service Medicare at the time of their index VQI
procedure; and patients with a new CLTI diagnosis code within
30 days of the index LER (Figure 1).

Outcome Measures
The primary outcome was the development of CLTI, defined
by a new ICD-10 code for CLTI within 180 days after the index
LER.16 The secondary outcome was reintervention, major am-
putation, and the development of CLTI within 1 year after the
index LER. Reintervention was defined using Current
Procedural Terminology (CPT) codes for any subsequent en-
dovascular, open surgical, or hybrid vascular procedure after
the index LER (eTable 1 in Supplement 1). Reinterventions, mi-
nor (below the ankle) amputations, and major (above the ankle)
amputations were identified using Medicare claims. Vital
status was obtained from the Medicare Master Beneficiary
Summary File.

Exposure Variable
The primary exposure variable of interest was a combined de-
scriptive demographic variable of self-identified gender and
ethnoracial identity. Gender was drawn from Medicare data,
and race was drawn from Medicare and VQI data. This in-
cludes Hispanic men, Hispanic women, non-Hispanic Black
men, non-Hispanic Black women (hereafter referred to as
Black men and women), non-Hispanic White men, and non-
Hispanic White women (hereafter referred to as White men and
women). Race and ethnicity are distinct and separate social
constructs that are not mutually exclusive (eg, Hispanic pa-
tients can identify as Black, White, or another race). While we
created nonoverlapping categories for self-identified ethnora-
cial identity for the purposes of this analysis, we are aware that
individuals identify themselves both within and outside of

Key Points
Question What is the risk of disease progression after an index
lower-extremity revascularization for claudication, and does this
risk differ based on one’s ethnoracial and sex identification?

Findings In this cohort study within a large procedural registry
linked to Medicare claims data that included 10 012 adults with
claudication, the rate of symptom progression from claudication to
chronic limb-threatening ischemia was 5.85% at 180 days after
index revascularization. White men and women had progression
rates below the mean; Black women had a much higher rate of
progression at 180 days.

Meaning Revascularization for claudication, the mildest
symptomatic manifestation of peripheral artery disease, is
associated with increased risk for symptomatic disease
progression, particularly among Black women.
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these categorizations. Of note, Asian and Native American in-
dividuals made up less than 0.2% of the cohort and were ex-
cluded from analysis.

Risk Factors
Covariates at the time of the index LER were identified from
the VQI registry. These included smoking status (never, prior,
current), geographic residence (rural, urban), median na-
tional percentile rank of the area deprivation index (ADI), base-
line comorbidities (coronary artery disease, congestive heart
failure, chronic obstructive pulmonary disease, diabetes,
chronic kidney disease, end-stage kidney disease undergo-
ing dialysis, hypertension, obesity [body mass index (BMI), cal-
culated as weight in kilograms divided by height in meters
squared, of ≥30 or <30]), anatomic segment treated (aor-
toiliac only, femoropopliteal only, tibial only, femoropopli-
teal and tibial, aortoiliac, and any other segment), and preop-
erative as well as postoperative guideline-directed medical
therapy (GDMT) use. Age (<65, 65-79, or ≥80 years) was de-
termined using Medicare data.

Statistical Analysis
Baseline characteristics stratified by the combined demo-
graphicvariablewerecomparedusingχ2 andKruskal-Wallistests,
as appropriate. Risks of progression to CLTI, reintervention, and
amputation were evaluated with survival analysis. Estimated
180-day and 1-year risk of adverse events were compared using
Kaplan-Meier curves and log-rank tests. In the time-to-event
analysis, individuals were censored at death, when transition-
ing out of fee-for-service Medicare or into Medicare Advantage,
or at the end of follow-up, whichever occurred first.

To identify factors associated with progression to CLTI for
Black and White patients, we created univariable and multi-
variable Cox proportional hazards models. Hispanic patients
were excluded from the multivariable analyses given the small
sample size. The multivariable model adjusted for age, diabe-
tes, congestive heart failure, chronic kidney disease and end-
stage kidney disease undergoing dialysis, smoking history, and
anatomic segment treated. Hazard ratios were reported with
95% confidence intervals. Multivariable models were per-
formed with the aforementioned adjustments for patients with
aortoiliac and infrainguinal revascularizations, separately. The
rate of reintervention, defined as the number of reinterven-
tions per 100 person-years, was calculated based on 3-year fol-
low-up. The rate of reintervention was compared using unad-
justed quasi–Poisson regression. Analyses were conducted
using SAS version 9.4 (SAS Institute). P < .05 was considered
significant via 2-tailed tests.

Results
Among the 10 012 patients in our cohort who underwent LER for
claudication at VQI-participating centers between 2016 and 2019,
median (IQR) age was 71 (66-76) years, and 3850 patients (38.5%)
were female. The intersectional identity composition included
502 (5.0%) Black men, 422 (4.2%) Black women, 151 (1.5%)
Hispanic men, 92 (0.9%) Hispanic women, 5509 (55.0%) White

men, and 3336 (33.3%) White women (Table 1). Black men (me-
dian [IQR] age, 68 [63-74] years) and Black women (median [IQR]
age, 68 [64-74] years) were younger at the time of index LER for
claudication compared to their counterparts (P < .001). Over one-
quarter of all Black men (145 [28.9%]) and women (114 [27.0%])
were younger than 65 years compared to 24 (15.9%) Hispanic
men, 17 (18.5%) Hispanic women, 731 (13.3%) White men, and
473 (14.2%) White women (P < .001). The median (IQR) length
of follow-up was 1.59 (0.75-2.53) years for men and 1.59 (0.76-
2.57) years for women.

Baseline differences among groups are summarized in
Table 1. More than half of the cohort (5493 patients [54.9%])
described themselves as former smokers. Black and Hispanic
women had the highest prevalence of never smoking (19.0%
and 30.4%, respectively). Individuals from racial and ethnic
minoritized groups had significantly higher rates of diabetes
(Black men: 47.6%; Black women: 50.5%; Hispanic men: 49%;
Hispanic women: 60.9%; White men: 39.4%; White women;
P < .001). Black men (7.8%) and Black women (8.4%) were more
likely to be undergoing dialysis at the time of the index pro-
cedure. There were no significant differences noted in the rate
of obesity. GDMT use prior to index LER was 76.9% for aspi-
rin use, 40.1% for P2Y12 receptor inhibitors, and 78.3% for statin
use. GDMT prescription improved postoperatively, with rates

Figure 1. Flowchart Depicting Inclusion and Exclusion Criteria

143 554 Patients included in the 2019 
VQI Medicare linkage
99 452 PVI module
34 618 INFRA module

9484 SUPRA module

104 360 Patients underwent their 
first procedure

58 363 Had first procedure between 
2016 and 2019 at ≥18 y

16 342 Black, Hispanic, or White 
patients with claudication

10 012 Included in the study cohort

42 021 Excluded
37 883 Had asymptomatic diseases, 

rest pain, tissue loss, or ALI
3169 Had pathology for aneurysm, 

aneurysm with occlusion, 
or none for the procedure

969 Were in race and ethnic groups 
other than Black, Hispanic, or White

6330 Excluded
3728 Had no Medicare FFS entitlement 

when undergoing the procedure or 
had coding errors 

2495 Had CLTI prescription in the index
Medicare claims within 30 d of 
the procedure

107 Received an emergency procedure

ALI indicates acute limb ischemia; CLTI, chronic limb-threatening ischemia; FFS,
fee-for-service Medicare; INFRA, infra-inguinal bypass; PVI, peripheral vascular
intervention; SUPRA, supra-inguinal bypass; VQI, Vascular Quality Initiative.

Progression to Chronic Limb-Threatening Ischemia After Index Revascularization for Claudication Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery February 2026 Volume 161, Number 2 163

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Prisma Health user on 04/03/2026

http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2025.5556


Table 1. Baseline Characteristics Among Medicare Patients Undergoing Index Lower-Extremity
Revascularization for Claudication at Vascular Quality Initiative–Participating Centers 2016-2019a

Characteristic

No. (%)

Total
(N = 10 012)

Non-Hispanic White Non-Hispanic Black Hispanic

P value
Male
(n = 5509)

Female
(n = 3336)

Male
(n = 502)

Female
(n = 422)

Male
(n = 151)

Female
(n = 92)

Age, median (IQR), y 71 (66-76) 71 (67-76) 72 (67-78) 68 (63-74) 68 (64-74) 71 (66-77) 72 (66.5-78) <.001b

Smoking habit

Never 1112 (11.1) 418 (7.6) 514 (15.4) 47 (9.4) 80 (19.0) 25 (16.6) 28 (30.4)

<.001cPrior 5493 (54.9) 3252 (59.1) 1667 (50.0) 261 (52.0) 197 (46.7) 77 (51.0) 39 (42.4)

Current 3403 (34.0) 1837 (33.4) 1153 (34.6) 194 (38.6) 145 (34.4) 49 (32.5) 25 (27.2)

Diabetes 3890 (38.8) 2172 (39.4) 1136 (34.0) 239 (47.6) 213 (50.5) 74 (49.0) 56 (60.9 <.001c

HTN 8942 (89.6) 4919 (89.6) 2933 (88.2) 471 (93.8) 396 (94.1) 137 (90.7) 86 (94.5) <.001c

CAD 3736 (37.3) 2327 (42.3) 1011 (30.3) 163 (32.5) 136 (32.2) 66 (43.7) 33 (35.9) <.001c

COPD 3211 (32.1) 1727 (31.4) 1218 (36.5) 88 (17.5) 121 (28.7) 37 (24.5) 20 (21.7) <.001c

CHF 1357 (13.6) 773 (14.0) 386 (11.6) 83 (16.6) 78 (18.5) 24 (15.9) 13 (14.1) <.001b

CKD and ESKD

eGFR ≥60 mL/min/1.73 m2 6281 (63.1) 3614 (65.9) 1917 (57.9) 363 (72.6) 252 (60.3) 84 (56.4) 51 (55.4)

<.001c

eGFR 30-60 mL/min/1.73
m2

3232 (32.5) 1695 (30.9) 1237 (37.4) ≥11 119 (28.5) ≥11 ≥11

eGFR 15-30 mL/min/1.73
m2

202 (2.0) ≥11 ≥11 <11 12 (2.9) <11 <11

eGFR <15 mL/min/1.73 m2 20 (0.2) ≥11 <11 <11 0 0 0

Dialysis 213 (2.1) 87 (1.6) 41 (1.2) 39 (7.8) 35 (8.4) <11 <11

Obesity 3210 (32.1) 1820 (33.1) 1027 (30.9) 149 (29.7) 147 (35.0) 45 (29.8) 22 (23.9) .05c

Preop aspirin 7702 (76.9) 4321 (78.4) 2481 (74.4) 400 (79.7) 323 (76.5) 115 (76.2) 62 (67.4) <.001c

Preop P2Y12 inhibitor 4013 (40.1) 2264 (41.1) 1246 (37.4) 210 (41.8) 188 (44.5) 60 (39.7) 45 (48.9) .001c

Preop statin 7841 (78.3) 4456 (80.9) 2484 (74.5) 393 (78.3) 315 (74.6) 116 (76.8) 77 (83.7) <.001c

Preop anticoagulation 1284 (12.8) 762 (13.8) 387 (11.6) 53 (10.6) 40 (9.5) 27 (17.9) 15 (16.3) .001c

Postop aspirin 8414 (84.2) 4689 (85.3) 2753 (82.7) 433 (86.6) 351 (83.2) 120 (79.5) 68 (73.9) <.001c

Postop P2Y12 inhibitor 7356 (73.6) 4001 (72.8) 2465 (74.0) 371 (74.1) 340 (80.6) 107 (70.9) 72 (78.3) .01c

Postop statin 8237 (82.5) 4657 (84.7) 2629 (79.0) 421 (84.0) 331 (78.4) 121 (80.1) 78 (84.8) .001c

Postop anticoagulation 1500 (15.0) 900 (16.4) 451 (13.5) 60 (12.0) 45 (10.7) 27 (17.9) 17 (18.5) <.001c

Revascularization method

Endovascular 7689 (76.8) 4101 (74.4) 2630 (78.8) 397 (79.1) 360 (85.3) ≥11 ≥11

<.001cOpen surgical 1603 (16.0) 934 (17.0) 514 (15.4) 85 (16.9) 37 (8.8) 20 (13.2) 13 (14.1)

Hybrid 720 (7.2) 474 (8.6) 192 (5.8) 20 (4.0) 25 (5.9) <11 <11

Anatomic zone treated

Aortoiliac only 3547 (35.5) 1879 (34.2) 1389 (41.6) 100 (20.0) 106 (25.1) 47 (31.1) 26 (28.3)

<.001c

Femoropopliteal only 4777 (47.8) 2645 (48.1) 1496 (44.9) 280 (56.0) 236 (55.9) 74 (49.0) 46 (50.0)

Tibial only 316 (3.2) 200 (3.6) 51 (1.5) 34 (6.8) 18 (4.3) <11 <11

Femoropopliteal + tibial 520 (5.2) 258 (4.7) 161 (4.8) 54 (10.8) 26 (6.2) ≥11 <11

Aortoiliac + other 839 (8.4) 517 (9.4) 238 (7.1) 32 (6.4) 36 (8.5) ≥11 <11

Geographic residence

Rural 2328 (24.2) 1375 (26.1) 818 (25.5) 55 (11.5) 41 (9.9) ≥11 <11
<.001c

Urban 7282 (75.8) 3903 (73.9) 2393 (74.5) 425 (88.5) 372 (90.1) ≥11 ≥11

Median ADI

1-35 2187 (22.8) 1181 (22.4) 719 (22.4) 106 (22.1) 101 (24.5) 50 (34.7) 30 (36.1)

<.001c
36-56 2436 (25.4) 1376 (26.1) 813 (25.3) 98 (20.4) 86 (20.8) 35 (24.3) 28 (33.7)

57-75 2433 (25.3) 1380 (26.2) 817 (25.4) 109 (22.7) 86 (20.8) ≥11 <11

76-100 2551 (26.6) 1339 (25.4) 862 (26.8) 167 (34.8) 140 (33.9) ≥11 ≥11

Abbreviations: ADI, area deprivation index; CAD, coronary artery disease; CHF,
congestive heart failure; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; eGFR, estimated glomerular filtration rate;
ESKD, end-stage kidney disease; HTN, hypertension; preop, preoperative;
postop, postoperative.
a To ensure patients as well as facilities participating within the Vascular Quality

Initiative remain deidentified, reporting of small patient volumes is not
allowed. Race data were drawn from Medicare and the Vascular Quality
Initiative.

b Kruskal-Wallis P value.
c χ2 P value.
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of 84.2% for aspirin, 73.6% for P2Y12 receptor inhibitor, and
82.5% for statin use.

Anatomic segments treated during LER varied signifi-
cantly between groups. The femoropopliteal segment was the
most frequently treated anatomic segment for Black men (280
[56.0%]) and Black women (236 [55.9%]), as well as for Hispanic
men (74 [49.0%]) and women (46 [50.0%]). Black men had sig-
nificantly higher rates of femoropopliteal + tibial disease (54
[10.8%]) as well as tibial-only disease (34 [6.8%]). Only 51 White
women (1.5%) had isolated tibial disease treated. Revascular-
ization method varied by groups; while most patients (7689
[76.8%]) underwent endovascular treatment for their index LER
for claudication, 360 Black women (85.3%) underwent endo-
vascular treatment.

White men (26.1%) and White women (25.5%) were
more likely to live in rural areas, whereas approximately 1 in
10 Black individuals (94 [10.4%]) and Hispanic individuals
lived in rural areas (P < .001). When examining patients who
had ADI data available, a high proportion of Hispanic men
(34.7%) and women (36.1%) lived in the least-deprived

neighborhoods, whereas a high proportion of Black men
(34.8%) and women (33.9%) lived in the most deprived
areas (P < .001).

Progression to CLTI
There were significant differences noted throughout the
duration of follow-up between the groups in terms of
progression to CLTI after index LER for claudication (Figure 2).
Median (IQR) progression to CLTI within 180 days after index
LER for claudication was 5.4% (4.9%-6.0%) among men and
6.5% (5.8%-7.4%) among women (Table 2). There were
ethnoracial differences in median (IQR) percentage disease
progression among men, with 7.2% (5.1%-10.0%) of Black men,
8.8% (5.1%-15.0%) of Hispanic men, and 5.2% (4.6%-5.8%) of
White men progressing to CLTI within 180 days after their in-
dex LER for claudication (P = .05). Median (IQR) progression
to CLTI at 1 year after index LER was lowest among White men
(9.2% [8.4%-10.1%]) and White women (10.1% [9.0%-11.3%])
and highest among Black men (13.7% [10.6%-17.5%]; P = .01)
and Black women (18.7% [15.1%-23.2%]; P < .001).

Figure 2. Freedom From Progression to Chronic Limb-Threatening Ischemia (CLTI)
Among Patients Undergoing Index Revascularization for Claudication
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On univariate Cox regression analysis, the risk of progression
to CLTI within 180 days after index LER for claudication did not
significantly differ when comparing Black men to White men
(hazard ratio [HR], 1.40; 95% CI, 0.97-2.01; P = .07) or when com-
paring Hispanic men to White men (HR, 1.67; 95% CI, 0.93-2.97;
P = .08). There were no significant differences between Hispanic
women and White women in terms of progression to CLTI within
180 days after index LER. Black women, however, were twice as
likely to progress to CLTI within 180 days after index LER for clau-
dication (HR, 2.06; 95% CI, 1.49-2.84; P < .001) than White wom-
en. Patients with diabetes or congestive heart failure were less
likely to progress to CLTI within 180 days after index LER for clau-
dication, but those undergoing dialysis (compared to those with
an estimated glomerular filtration rate >60 mL/min/1.73 m2) were
more likely to progress to CLTI within 180 days after index LER
for claudication (eTable 2 in Supplement 1).

On multivariable Cox regression analysis, Black men, com-
pared to White women, remained significantly more likely to
progress to CLTI within 180 days after index LER for claudi-
cation after controlling for age, comorbidities, anatomic seg-
ment of disease treated, and GDMT use (adjusted HR [aHR],
1.56; 95% CI, 1.11-2.19; P = .01) (Table 3). This remained true

for the outcome of progression to CLTI within 1 year as well
(aHR, 1.51; 95% CI, 1.14-1.99; P = .004) (Table 3). The risk for
progression to CLTI at 180 days and 1 year were both similar
between Black men and White men.

Among those who underwent aortoiliac revasculariza-
tion with or without more distal concomitant revasculariza-
tion, progression to CLTI was similar among Black men and
White men at 1 year, as well as among Black women and White
women at 1 year. For those who underwent infrainguinal re-
vascularization, Black women were significantly more likely
to progress to CLTI compared to White women at 1 year (aHR,
1.49; 95% CI, 1.07-2.08, P = .02) (eTable 3 in Supplement 1).

Reintervention
During follow-up, reintervention rates among Black men,
Hispanic men, and White men were 38.07, 38.34, and 29.98
reinterventions per 100 person-years, respectively (P = .007).
The reintervention rates among Black women, Hispanic
women, and White women were 42.72, 34.50, and 31.53 rein-
terventions per 100 person-years, respectively (P = .003). On
Kaplan-Meier analysis, there were no significant differences
noted in the risk of reintervention at 180 days after index LER

Table 2. Event Rates for Outcomes After Lower-Extremity Revascularization for Claudication
Within the Vascular Quality Initiative Vascular Implant Surveillance and Interventional Outcomes Network
(VQI-VISION), 2016-2019

Outcome

Median (IQR), %

P valueOverall Hispanic

Non-Hispanic

Black White
Progression to CLTI, male

180 d 5.4 (4.9-6.0) 8.8 (5.1-15.0) 7.2 (5.1-10.0) 5.2 (4.6-5.8) .05

1 y 9.7 (8.9-10.5) 13.1 (8.3-20.3) 13.7 (10.6-17.5) 9.2 (8.4-10.1) .01

Progression to CLTI, female

180 d 6.5 (5.8-7.4) 3.8 (1.2-11.2) 11.8 (9.0-15.4) 5.9 (5.1-6.8) <.001

1 y 11.1 (10.0-12.2) 11.4 (5.8-21.6) 18.7 (15.1-23.2) 10.1 (9.0-11.3) <.001

Major amputation, male

180 d 0.2 (0.1-0.3) 0 (0-0) 0.7 (0.2-2.2) 0.1 (0.1-0.3) .03

1 y 0.3 (0.2-0.5) 0 (0-0) 1.0 (0.4-2.7) 0.3 (0.2-0.5) .047

Major amputation, female

180 d 0.2 (0.1-0.4) 0 (0-0) 0.8 (0.3-2.4) 0.1 (0.1-0.4) .03

1 y 0.4 (0.3-0.8) 0 (0-0) 0.8 (0.3-2.4) 0.4 (0.2-0.7) .42

Any amputation, male

180 d 0.4 (0.2-0.6) 0 (0-0) 0.9 (0.3-2.4) 0.3 (0.2-0.5) .11

1 y 1.1 (0.8-1.4) 0 (0-0) 2.1 (1.0-4.1) 1.0 (0.8-1.4) .08

Any amputation, female

180 d 0.4 (0.2-0.6) 0 (0-0) 0.8 (0.2-2.4) 0.3 (0.2-0.6) .35

1 y 0.8 (0.5-1.2) 0 (0-0) 1.3 (0.6-3.2) 0.7 (0.5-1.1) .30

Reintervention, male

180 d 19.9 (18.9-20.9) 22.3 (16.2-30.2) 22.1 (18.6-26.2) 19.6 (18.6-20.7) .45

1 y 27.6 (26.4-28.9) 33.7 (26.2-42.7) 33.4 (29.0-38.2) 27.0 (25.7-28.3) .03

Reintervention, female

180 d 19.3 (18.0-20.6) 13.6 (7.7-23.4) 24.0 (20.1-28.6) 18.8 (17.5-20.3) .03

1 y 27.9 (26.4-29.4) 27.8 (18.8-40.1) 33.5 (28.9-38.6) 27.2 (25.6-28.8) .03

Mortality, male

180 d 2.6 (2.2-3.1) 0.7 (0.1-4.7) 2.4 (1.3-4.3) 2.7 (2.3-3.2) .35

1 y 5.1 (4.5-5.7) 2.5 (0.8-7.5) 5.4 (3.6-8.1) 5.1 (4.6-5.8) .38

Mortality, female

180 d 2.4 (1.9-2.9) 1.2 (0.2-8.3) 1.8 (0.9-3.7) 2.5 (2.0-3.1) .56

1 y 4.8 (4.2-5.6) 3.0 (0.7-11.5) 2.7 (1.5-5.0) 5.2 (4.4-6.1) .10 Abbreviation: CLTI, chronic
limb-threatening ischemia.
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among men (P = .45), but significant differences were noted
among women (Black women: 24.0%; Hispanic women: 13.6%;
White women: 18.8%; P = .03). Significant differences be-
tween the risk of reintervention at 1 year after index LER were
noted in male (P = .02) and female (P = .03) groups (Table 2).

Amputation
We examined minor and major amputations after index LER
for claudication, given that any amputation after an LER
for claudication would be unexpected (Table 2). On Kaplan-
Meier analysis, among men, the risk of 180-day major ampu-
tation ranged from 0.7% for Black men, 0% for Hispanic men,
and 0.1% for White men (P = .03) and 1.0%, 0%, and 0.3% at 1
year (P = .047), respectively. White women had a major am-
putation event risk of 0.1% at 180 days after LER for claudica-
tion compared to Black women (0.8%) and Hispanic women
(0%) (P = .03), but there were no significant differences noted
for 1-year risk of major amputation. For any amputation, there
were no significant differences noted among men or women
at 180 days (P = .11 vs P = .35) or 1 year (P = .08 vs P = .29).

Discussion
We used VQI-VISION data to examine outcomes in patients with
claudication and observed 3 important findings that may
prompt further study to better characterize intersectional iden-
tity–based disparities in PAD. First, for all comers, progres-
sion to CLTI was not an uncommon event. Second, nearly 1 in
5 Black women progressed to CLTI within 180 days after an in-
dex LER for claudication. Finally, 1 in 4 Black patients with clau-
dication was under the age of 65 years when they underwent
an index LER for claudication in the VQI-VISION dataset.

Historical data suggest that progression from claudica-
tion to CLTI is rare.17,18 Taylor and colleagues19 reported a low
rate of procedural complications and improved quality of life
in a single-center cohort of 1000 consecutively treated pa-
tients with claudication and therefore recommended that pro-
ceduralists be more aggressive with offering LER for claudi-
cation. Notably, 70% of their patient population had aortoiliac
disease treated, which, similar to our findings, has a rela-
tively low associated risk for progression to CLTI after LER for
claudication. In a more recent single-center study with 1051
patients, LER for claudication was associated with a higher rate
of CLTI progression compared to those who had nonoper-
ative claudication management.10 In fact, a meta-analysis ex-
amining 35 studies comparing LER vs nonoperative manage-
ment of claudication found that up to 21% progressed to CLTI
over the subsequent 5 years.8 Other established risk factors for
progression to CLTI after a diagnosis of claudication include
comorbidities (eg, diabetes, end-stage kidney disease receiv-
ing dialysis), patient behaviors (eg, tobacco abuse), and pro-
ceduralist practice patterns (eg, early intervention, tibial in-
tervention, multiple reinterventions).7,11,20

It is well established that race- and sex-based disparities
exist in PAD prevalence, treatment, and outcomes.12,21 For
example, PAD prevalence is highest among men and Black
patients,22 and Black and Hispanic patients with PAD have the
highest rates of major amputation compared to White
patients23-25; practice patterns vary for infrainguinal revascu-
larization, with women being more likely to receive angio-
plasty without stenting.26 In addition, women tend to have lower
amputation rates than men.27 In the current study, we ob-
served that women with claudication had higher rates of pro-
gression to CLTI and reintervention at 180 days and 1 year com-
pared to men with claudication. Our study took the examination

Table 3. Multivariable Cox Regression Model Examining Intersectional Identity
and Progression to Chronic Limb-Threatening Ischemia

Modela

Non-Hispanic Black

Male Female

180 d 1 y 180 d 1 y

Model 1b

aHR (95% CI) 1.29 (0.89-1.87) 1.38 (1.04-1.84) 1.97 (1.42-2.72) 1.90 (1.46-2.49)

P value .18 .03 <.001 <.001

Model 2c

aHR (95% CI) 1.25 (0.86-1.82) 1.31 (0.98-1.75) 1.76 (1.26-2.46) 1.68 (1.28-2.20)

P value .24 .07 .001 <.001

Model 3d

aHR (95% CI) 1.25 (0.86-1.80) 1.31 (0.99-1.75) 1.96 (1.42-2.71) 1.83 (1.40-2.39)

P value .25 .06 <.001 <.001

Model 4e

aHR (95% CI) 1.36 (0.94-1.97) 1.45 (1.09-1.93) 2.11 (1.53-2.91) 1.99 (1.53-2.59)

P value .10 .01 <.001 <.001

Model 5f

aHR (95% CI) 1.10 (0.75-1.60) 1.14 (0.85-1.53) 1.56 (1.11-2.19) 1.51 (1.14-1.99)

P value .64 .37 .01 .004

Abbreviation: aHR, adjusted hazards
ratio.
a Adjustments made within each

model. Non-Hispanic White was
referent for all models.

b Model 1: age (<65 years, 65-79
years, >80 years).

c Model 2: diabetes, congestive heart
failure, chronic kidney disease and
dialysis dependence, smoking
status (prior/current vs never).

d Model 3: anatomic segment treated
during index lower-extremity
revascularization (aortoiliac only,
aortoiliac with any other segment,
femoropopliteal only,
femoropopliteal and tibial, and/or
tibial only).

e Model 4: guideline-directed medical
therapy (preoperative
antiplatelet/statin, postoperative
antiplatelet/statin, other
medications including
antihypertensives, cilostazol,
anticoagulation).

f Model 5: models 1-4 combined.
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of progression to CLTI among patients with claudication a step
further to better understand intersectional ethnoracial and gen-
der identity and its association with progression to CLTI. We
found that Black women with claudication had the highest risk
for CLTI progression at both 180 days and at 1 year. Vascular cli-
nicians’ awareness of intersectional disparities in claudication
outcomes will augment their ability to appropriately counsel
patients regarding their individualized risks for adverse
outcomes.

Our work also encourages future investigators to delin-
eate which populations are at highest risk for specific adverse
outcomes, determine causative factors, and develop more pre-
cise interventions relevant for that population. For example,
in our study of VQI-VISION data, 1 in 4 Black patients with clau-
dication were under the age of 65 years. Patients with prema-
ture PAD have a more aggressive disease course, with worse
limb outcomes and higher rates of cardiovascular events.28

In our study, women under the age of 65 years had higher risk
of disease progression compared to women over age 65 years,
and, as mentioned, Black women had the highest risk. This may
suggest that premature PAD is a major driver of disease pro-
gression, particularly in Black women, and future investiga-
tions should study potential interactions there, as well the
population-level distribution of inflammatory and prothrom-
botic biomarkers that have been implicated in premature PAD.

While studies investigating genetic, biologic, and social
causes for disease progression in claudication are warranted,
there is also a need to further examine practice patterns and cli-
nician behavior. Several studies documented wide variation in
claudication care practices that can lead to poor outcomes in-
cluding, but not limited to, early PVI (LER performed within
6 months of a new claudication diagnosis), tibial interventions,
and overutilization of LER in particular sites of service or cer-
tain communities.29-32 Other work demonstrates that early LER
as well as multiple reinterventions for claudication are drivers
of progression to CLTI.7,11 While some sites of service may pro-
vide greater access to care, particularly to individuals from ra-
cial and ethnic minoritized communities, there is evidence that
this care is more likely to be considered inappropriate (ie, risk
outweighs benefit) per the key principles outlined in the Soci-

ety for Vascular Surgery appropriate use criteria for manage-
ment of intermittent claudication.33-35

Limitations
There are several limitations to consider when interpreting our
results. A new diagnosis code for CLTI after LER for claudica-
tionisasurrogatemethodfordefiningpatientprogressiontoCLTI
during the study period; however, this method may not
capture every patient who develops ischemic rest pain, non-
healing wounds, or gangrene after LER for claudication, nor does
it elucidate the mechanism driving CLTI development. This vali-
dated approach, however, has been widely implemented and is
the best surrogate method available to conduct this analysis with
a large administrative dataset. We examined patients who re-
ceived LER at VQI-participating centers with linkage to Medicare
claims data in order to reduce loss to follow-up and improve iden-
tification of adverse outcomes therein. It is very possible this
study is not generalizable to non-VQI patients who do not re-
ceive Medicare coverage. However, there is currently no better
available dataset that captures the granular details present in the
VQI that would allow us to examine this question in patients with
claudication receiving their care at non–VQI-participating cen-
ters. Neither VQI nor Medicare claims data indicate if reinter-
ventions are planned or staged or unplanned secondary to re-
stenosis or loss of patency.

Conclusions
Per the results of this national cohort study, Black women with
claudication had the highest rate of progression to CLTI after
LER. Lack of adherence to established appropriate use crite-
ria, overutilization, and/or early LER among those with clau-
dication may perpetuate disparate care. Given the preponder-
ance of evidence and societal guidelines describing the value
of exercise therapy as first-line treatment for claudication and
established poor equitable application of GDMT, there is a criti-
cal need to develop evaluative metrics at the payor and policy
level that ensure that all patients with claudication receive the
equitable care they deserve.
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