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Abstract

Background: Patients with peripheral artery disease face high amputation and mortality risk. 

When assessing vascular outcomes, consideration of mortality as a competing risk is not routine. 

We hypothesize standard time-to-event methods will overestimate major amputation risk in 

chronic limb-threatening ischemia (CLTI) and non-CLTI.

Methods: Patients undergoing peripheral vascular intervention from 2017 to 2018 were 

abstracted from the Vascular Quality Initiative registry and stratified by mean age (≥ 75 vs < 75 

years). Mortality and amputation data were obtained from Medicare claims. The 2-year cumulative 

incidence function (CIF) and risk of major amputation from standard time-to-event analysis (1 – 

Kaplan–Meier and Cox regression) were compared with competing risk analysis (Aalen–Johansen 

and Fine–Gray model) in CLTI and non-CLTI.

Results: A total of 7273 patients with CLTI and 5095 with non-CLTI were included. At 

2-year follow up, 13.1 % of patients underwent major amputation and 33.4% died without major 

amputation in the CLTI cohort; 1.3% and 10.7%, respectively, in the non-CLTI cohort. In CLTI, 

standard time-to-event analysis overestimated the 2-year CIF of major amputation by 20.5% and 

13.7%, respectively, in patients ≥ 75 and < 75 years old compared with competing risk analysis. 

The standard Cox regression overestimated adjusted 2-year major amputation risk in patients ≥ 75 

versus < 75 years old by 7.0%. In non-CLTI, the CIF was overestimated by 7.1% in patients ≥ 75 

years, and the adjusted risk was overestimated by 5.1% compared with competing risk analysis.

Conclusions: Standard time-to-event analysis overestimates the incidence and risk of major 

amputation, especially in CLTI. Competing risk analyses are alternative approaches to estimate 

accurately amputation risk in vascular outcomes research.
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Background

Peripheral artery disease (PAD) affects more than 220 million people worldwide and over 

8.5 million people in the United States.1 Among patients with PAD, more than 10% 

suffer from chronic limb-threatening ischemia (CLTI), the most severe form.2 Patients 

with PAD have a 13.9-fold increased risk of amputation3,4 and up to 40% of patients 

with CLTI will die in the 2 years following revascularization.5,6 Multispecialty efforts and 

surveillance programs, such as the American Heart Association PAD National Action Plan, 

aim to amplify early detection, raise awareness, and develop prevention approaches and 

value-based clinical programs.7 As part of these efforts, accurate estimates of incidence 

and risks are needed to inform high-quality programs and obtain accurate effect sizes of 

PAD-related interventions. The major amputation outcome is frequently used as a surrogate 

marker for the efficacy of interventions in the vascular field, but it can be influenced by the 

presence of the competing mortality risk.

Time-to-event statistical methods enable the evaluation of the outcomes (such as death, 

disease progression, or amputation) over time within patients at risk of experiencing the 

event of interest. The standard time-to-event methods (Kaplan–Meier, Cox proportional 

hazards regression model) were originally developed in the oncology field to estimate 

the probability of death over time, hence the name ‘survival analysis’. However, applying 

standard time-to-event methods for assessing a nonfatal clinical outcome (such as disease 

progression, or amputation) in patients with high mortality rates while ignoring competing 

events (i.e., an event that precludes the occurrence of the studied event), can be 

problematic.8–11 In the standard time-to-event analyses framework, patients who neither 

undergo amputation nor are followed until the end of the study are removed from the 

set of at-risk patients. In this context, the outcome estimates remain unbiased under two 

conditions: patients without amputation remain at risk of having an amputation if the follow 

up is continued (independent censoring); and the amputation event is not observed for 

reasons unrelated to their condition under study (noninformative censoring).10–13 These 

two assumptions are then not met when the occurrence of amputation is precluded by 

the patient’s death. Among patients without amputation, those who died during the follow 

up cease to be at risk of having an amputation after death. Then, by removing these 

patients from the set of at-risk patients, standard time-to-event methods may overestimate 

the amputation outcome. In this scenario, the competing mortality risk should be accounted 

for in the estimation of amputation outcome. In a population affected by diseases carrying 

a high mortality risk, such as PAD, the bias in the estimation of nonfatal clinical outcome 

increases as the frequency of the competing event (death prior to the occurrence of event of 

interest) increases.
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Recent efforts in cardio-oncology, atrial fibrillation, and cardiovascular risk estimation have 

advocated for the use of competing risk analysis in clinical trials and registries, as standard 

time-to-event analysis frequently leads to overestimating incidences and risk of nonfatal 

outcomes.8–10,12,13 Previous work in the cardio-oncology field illustrated an overestimation 

by more than 60% in the 5-year cumulative incidence of major adverse cardiac events 

when not accounting for the mortality risk. This work is based on simulated data from 

patients with metastatic cancer with a prespecified mortality rate of 60% at 5 years, similar 

to patients with CLTI, with a cardiovascular event rate of 8% at 5 years. 8 Specifically 

in PAD, early efforts have focused on the differences in risk factors associated with and 

incidences of major amputation when using competing risk over standard time-to-event 

analysis in small databases and in-hospital admission databases in Europe.12,13 Quantifying 

the bias introduced by standard time-to-event analysis, and establishing a simple reasoning 

and roadmap for the use of competing risk analysis in vascular medicine, could lead to the 

routine consideration of the competing risk analysis in the field.

Based on the considerations above, we aimed to compare the standard versus competing risk 

time-to-event analyses for assessing the major amputation outcome following a peripheral 

vascular intervention (PVI) in a cohort of patients with CLTI (Rutherford 4–6) and in a 

cohort of patients without CLTI (Rutherford 1–3). We hypothesized standard time-to-event 

analysis will overestimate the cumulative incidence and risk of major amputation, and that 

the difference will be larger in patients with higher all-cause mortality risk (i.e., in older 

patients with CLTI as compared to younger patients with CLTI). We illustrate the level of 

overestimation using the largest national US database of cardiovascular procedures linked 

with Medicare claims outcomes data and stratified by symptom status and by age based on 

the mean of the distribution (age < 75 and ≥ 75 years).

Methods

Data source

From the Vascular Quality Initiative (VQI) registry linked with Medicare claims outcomes 

data, we included patients ≥ 65 years old with PAD undergoing index PVI between January 

l, 2017 and December 31, 2018. Only patients 65 years and older were included due to 

Medicare eligibility criteria. The cohort was stratified by CLTI and non-CLTI symptoms. 

The CLTI cohort included patients with rest pain (Rutherford 4) or tissue loss (Rutherford 

5–6); the non-CLTI cohort included those with claudication (Rutherford 1–3).

Approval for the study was granted by the Institutional Review Boards of Yale University 

and Weill Cornell Medicine.

Outcomes

The major amputation outcome was derived from Medicare claims files and the all-cause 

mortality was derived from the Centers for Medicare & Medicaid Services’ vital status files. 
14 The vital status of patients was available up to December 31, 2019. Patients were then 

followed until 2 years, or until the first major amputation event, until December 31, 2019, 

or until death after the index procedure, whichever occurred first. Patients were classified 
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according to their status observed at the end of the follow up: major amputation (i.e., event), 

death without major amputation (i.e., competing event), or alive without major amputation 

(i.e., event-free).

Statistical methods

We compared standard time-to-event analyses, ignoring the presence of competing risk of 

death, versus the competing risk analyses taking all-cause mortality into account for the 

2-year major amputation outcome in both CLTI and non-CLTI cohorts (Supplemental Table 

S1). In the cardiovascular field, cumulative incidence, risk ratio, and risk predictions are the 

main indicators used to evaluate outcomes, such as amputation following revascularization. 

Nonparametric methods are commonly employed to describe and compare cumulative 

incidence curves of amputation over follow-up time in stratified cohorts (e.g., in patients 

aged < 75 years and those aged ≥ 75 years). However, nonparametric methods do 

not allow for the incorporation of covariates, meaning they cannot be used to evaluate 

individual risk of amputation. To address this limitation, semi-parametric methods have been 

developed. Semi-parametric methods refer to regression models that allow for the derivation 

of risk ratios and prediction of individual risk while adjusting for covariates. Standard 

and competing risk time-to-event analyses were then compared using nonparametric and 

semiparametric methods, as described below.

Cumulative incidence using nonparametric time-to-event methods.—In both 

CLTI and non-CLTI cohorts, the 2-year cumulative incidences of major amputation and 

death without major amputation (i.e., competing event) were calculated by age groups (< 75 

and ≥ 75 years old).

In the context of standard time-to-event analysis, the 2-year cumulative incidence of both 

events, major amputation and death without major amputation, were calculated as I minus 

the Kaplan–Meier estimator, and compared in patients aged ≥ 75 versus < 75 years using the 

log-rank test. 15 The Kaplan–Meier estimator provides the cumulative incidence of event-

free (i.e., no amputation), with the inverse (1 – Kaplan–Meier) providing the cumulative 

incidence of an event while ignoring the presence of a competing risk.

The Aalen–Johansen estimator was used as the counterpart to the 1 – Kaplan–Meier 

estimator in the context of competing risk analysis, and calculated the cumulative incidence 

function for major amputation accounting for the presence of the competing risk of 

mortality.16 The cumulative incidence function of major amputation conveys the probability 

of experiencing a major amputation event before the end of the follow up and before the 

occurrence of death.

The 2-year cumulative incidence of major amputation derived from the two different 

methods were compared by evaluating their relative difference.

Risk estimation and prediction using semiparametric time-to-event regression 
models.—In both CLTI and non-CLTI cohorts, the 2-year risk ratios of major amputation 

associated with age ≥ 75 versus < 75 years were estimated, as well as the prediction of the 

corresponding mean 2-year probability of major amputation, using standard time-to-event 
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analysis through the Cox proportional hazards regression model versus competing risk 

analysis through the Fine–Gray regression model, respectively.

Hazard ratios (HRS) with 95% CI were derived from the unadjusted and adjusted Cox 

regression models, with covariates denoted in Table 1 as a. The assumption of proportional 

hazards was assessed by a visual assessment of cumulative incidence curves and by the 

scaled Schoenfeld residuals test.

The Fine–Gray regression model allows for the assessment of major amputation risk in 

patients alive without major amputation as well as in those previously deceased, and 

was used to derive the sub-hazard ratio (sHR) with 95% CI of the 2-year risk of major 

amputation in patients ≥ 75 versus < 75 years old.8,17 Adjusted sHRs were derived using 

the same covariates as were used for the Cox regression models. The Fine–Gray model was 

chosen to estimate amputation risk in the setting of the competing mortality risk because 

it is the most appropriate model to assess the prognostic effect of the intervention and 

the individual risk, compared with other competing risk models such as the cause-specific 

Cox regression model, which is most appropriate for etiology studies.18 The assumption of 

proportional sHR was assessed by adding an interaction term between age group and time in 

the model.

The risk ratios derived from both methods (HR for standard time-to-event analysis and SHR 

for the competing risk analysis) were then compared by evaluating their relative difference.

Besides evaluating the association between risk factors and major amputation from 

estimated risk ratio, regression models allow for predicting the risk of major amputation over 

2 years, which is essential for personalized healthcare plans and surveillance efforts in PAD. 

Thus, we predicted the mean 2-year probability of major amputation in CLTI and non-CLTI 

cohorts for patients < 75 and ≥ 75 years old using standard time-to-event regression models 

and the competing risk regression models described above. We then compared the 2-year 

risk predictions of major amputation using standard time-to-event versus competing risk 

regression models by evaluating the relative difference.

Sensitivity analysis.—All analyses were performed on a complete case cohort including 

the variables denoted with a in Table 1. As a sensitivity analysis, missing data were handled 

using multiple imputations by chained equations generating five imputed datasets.19,20 All 

analyses were then replicated in each imputed dataset and results were pooled using the 

Rubin’s rule.21

All relative differences were calculated before rounding the estimates to two decimal places. 

For the HRS, relative differences were also compared on the logarithmic scale and added to 

the supplementary material. Analyses were performed with STATA, version 17 (StataCorp 

LLC, College Station, TX, USA).

Data source, outcomes, and descriptive statistical method are provided in Appendix A of the 

supplemental material. The STATA code for calculating the cumulative incidence function 

of major amputation using nonparametric time-to-event methods, for estimating the risk 
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ratios and the corresponding mean 2-year probability of major amputation is described in 

Appendix B.

Results

A total of 7273 patients in the CLTI cohort and 5095 patients in the non-CLTI cohort were 

included (Figure 1). The mean age in the CLTI cohort was 76.6 ± 706 years (4064 patients 

[55.9%] ≥ 75 years old), 41.2% were women, and 77.5% of procedures were elective 

(Supplemental Table 2). The mean age in the non-CLTI cohort was 74.1 ± 6.3 years (2206 

patients [43.3%] ≥ 75 years old), 38.0% were women, 87.5% were White, and 96.3% of 

procedures were elective (Supplemental Table 2).

In the CLTI cohort, 13.1% of patients had a major amputation and 33.4% died without a 

major amputation. The lost-to-follow up was 5.2% with a median time to follow up of 16.3 

[7.5–23.7] months. For patients ≥ 75 versus < 75 years old in the CLTI cohort, 10.9% versus 

15.9% had a major amputation and 39.8% versus 25.2% died without a major amputation at 

2 years.

In the non-CLTI cohort, 1.3% had a major amputation and 10.7% died without a major 

amputation. The lost-to-follow up was 7.0% with a median time to follow up of 20.7 [15.2–

27.8] months. For patients ≥ 75 versus < 75 years old in the non-CLTI cohort, 1.4% versus 

1.2% had a major amputation and 14.3% versus 8.0% died without a major amputation at 2 

years.

Nonparametric time-to-event methods

In the CLTI cohort, for patients < 75 years old, the 2-year cumulative incidence of major 

amputation was 19.1% (95% CI 17.6–20.7%) when calculated using standard time-to-event 

analysis versus 16.8% (95% CI 15.5–18.2%) when calculated using the competing risk 

analysis counterpart, resulting in a relative difference of 13.7%, highlighting overestimation 

of the major amputation in the standard time-to-event analysis (Figure 2A and Supplemental 

Figure 1A).

Respectively for patients ≥ 75 years old, the cumulative incidence of major amputation 

calculated using standard time-to-event analysis versus competing risk analysis were 

13.5% (95% Cl 12.3–14.8%) versus 11.2% (95% Cl 10.2–12.2%). This resulted in an 

overestimation by 20.5% of the 2-year cumulative incidence of major amputation when 

using standard time-to-event analysis compared to competing risk analysis (Figure 2B and 

Supplemental Figure 1B).

In the non-CLTI cohort, for patients < 75 years old, standard and competing risk analyses 

provided similar 2-year cumulative incidences of major amputation (respectively, 1.4%, 1.0–

1.9% and 1.4%, 95% Cl 1.0–2.0%) (Figure 3A and Supplemental Figure 2A).

Respectively, for patients ≥ 75 years old, the cumulative incidence of major amputation 

calculated using standard versus competing risk analyses were (95% CI 1.1–2.2%) versus 

1.4% (95% CI 1.0–2.0%) This led to an overestimation of the 2-year cumulative incidence 
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of major amputation by 7.1% when using the standard time-to-event analysis (Figure 3B and 

Supplemental Figure 2B).

Semiparametric time-to-event regression models

When assessing the risk ratios in patients ≥ 75 versus < 75 years old in the CLTI cohort, 

the unadjusted HR for 2-year amputation risk, derived from the standard time-to-event Cox 

regression model, was 0.71 (95% CI 0.62–0.81), indicating a 29% lower relative amputation 

risk for patients ≥ 75 versus < 75 years old. The unadjusted SHR, derived from the Fine–

Gray competing risk regression model, was 0.66 (95% CI 0.58–0.75), indicating a 34% 

lower risk of amputation for the older cohort. These findings show an overestimation of 

the risk ratio estimated using unadjusted standard time-to-event analysis compared to the 

competing risk analysis by 7.1%. Similarly, the relative difference between adjusted HR 

versus SHR was 7.0% (0.85 vs 0.79) (Supplemental Table 3).

When assessing the 2-year risk of major amputation in patients ≥ 75 versus < 75 years 

old in the non-CLTI cohort, the HR derived from the unadjusted Cox regression model 

was 1.14 (95% CI 0.70–1.85), indicating a 14% higher relative amputation risk for subjects 

≥ 75 versus < 75 years old. The unadjusted sHR derived from the unadjusted Fine–Gray 

competing risk regression model was 1.11 (95% CI 0.68–1.81), indicating an 11% higher 

relative amputation risk for the older cohort. These findings show an overestimation of the 

estimated risk ratio by 2.4% using unadjusted standard time-to-event analysis compared to 

the competing risk analysis. A relative difference was also seen between the HR and sHR 

derived from the adjusted regression model, with a relative difference of 5.1% (0.90 vs 0.86) 

(Supplemental Table 4).

When predicting the probability of major amputation over 2 years, either unadjusted and 

adjusted standard time-to-event models overestimated the predicted probability of major 

amputation over 2 years in both CLTI and non-CLTI cohorts (respectively, Figure 4 and 

Supplemental Figure 3), compared with respective competing risk models.

A complete overview of the differences in the estimators by age group in both CLTI and 

non-CLTI cohorts can be found in Supplementary Table 5. Similar results were obtained 

using imputed cohorts.

Discussion

The occurrence of the competing event (i.e., death without a major amputation), was more 

frequent in patients with CLTI and ≥ 75 years old, with a crude proportion of 39.8%. The 

crude proportion of patients who died without major amputation progressively decreased 

in younger patients with CLTI (25.2%), followed by those with non-CLTI who were ≥ 

75 years old (14.3%) and < 75 years old (8.0%). Consequently, standard time-to-event 

analysis overestimates the incidences and risk of 2-year major amputation by not taking 

into account the competing mortality risk. Using the largest vascular national quality 

registry including patients with PAD undergoing PVI, we demonstrated the magnitude of 

the effect of the competing mortality risk on the evaluation of major amputation outcomes 

across various patient settings of mortality risk. Standard time-to-event analysis with 
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nonparametric method, based on the Kaplan–Meier estimator, led to an overestimation 

of the 2-year cumulative incidence of major amputation in patients with and without 

CLTI, irrespective of age. The overestimation in the 2-year cumulative incidence of major 

amputation was greater than 20% for patients ≥ 75 years old with CLTI, as the competing 

risk of death without major amputation was higher. Standard time-to-event analysis with 

the semiparametric method, based on the Cox proportional hazards regression model, also 

resulted in overestimation of the major amputation risk at 2 years associated with age (≥ 

75 vs < 75 years old) as compared with the Fine–Gray competing risk regression model. 

Accounting for patient characteristics did not reduce this bias, with an overestimation 

greater than 7% and 5% for the risk ratios in CLTI and non-CLTI, respectively. Similar 

to the evaluation of nonparametric methods, the predicted mean probability of major 

amputation at 2 years was overestimated when using unadjusted or adjusted standard time-

to-event Cox regression compared with the Fine–Gray competing risk analysis, with an 

overestimation of approximately 30% for patients at the highest competing risk of death 

(i.e., patients ≥ 75 years old with CLTI).

This study provides a measure of the degree of bias introduced by not considering the 

competing risk of mortality when assessing major amputation endpoints and provides a more 

accurate evaluation of major amputation outcomes for patients with PAD in a real-world 

cohort. Early efforts in PAD highlighted the differences when assessing risk factors 22 and 

possibly lower incidences of major amputation 13 when considering the competing mortality 

events. Our study builds upon those efforts to accurately quantify the degree of bias 

introduced across the spectrum of PAD using high-quality outcomes assessing incidences, 

risk estimators, factors associated with major amputation, and amputation risk prediction 

when using competing risk analysis. These factors stress the need for consideration of 

competing risk of death in the study of PAD populations.

The overestimation of the risk of major amputation using standard time-to-event analysis 

seen in this study increased with advancing age and more severe disease (CLTI vs non-

CLTI), which both carry a higher risk of mortality. This overestimation is directly tied to the 

growing number of competing events (patients who died without having a major amputation, 

11% of the population in the non-CLTI cohort and 33% in the CLTI cohort). Austin et 

al. suggested that competing risk should be taken into account when the incidence of the 

competing risk is greater than 10%,11 which is frequently the case for patients with CLTI or 

elderly populations, and both frequently coexist in the clinical setting.

Our study demonstrates that the probability of undergoing major amputation within the 

2 years after PVI was overestimated by up to 30% when not considering the competing 

mortality risk. In other words, the standard time-to-event analysis may misclassify as one-

third of patients having major amputation within the 2 years post-PVI. Failing to account for 

the competing mortality risk by using standard time-to-event analysis results in inaccurate 

estimation of major amputation, which may have a profound impact on clinical care and 

practices.23 Not accounting for competing risks has been shown to possibly lead to medical 

overtreatment of 10% of patients with high cardiovascular risk, inaccurately estimate benefit 

of anticoagulation in atrial fibrillation, and, in PAD, it has led to misidentified risk factors 

for major amputation.8–10,12,13 In addition, patients were stratified by age groups as ≥ 75 
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versus < 75 years in our study, which may also reflect groups of patients with high versus 

low mortality risk, and our findings showed the adjusted hazard ratio of age was also 

overestimated by up to 7% when using standard regression models. Then, this bias may 

also affect conclusions drawn from the comparison of medical and procedural treatment 

effects, especially if the mortality risk of prior amputation is higher in one of the treatment 

arms. Additionally, not considering the competing risk of death may also lead to increased 

disparities, which are already strongly prevalent in PAD.24 Previous work has shown that 

Black or African Americans face higher major adverse limb events regardless of the PAD 

severity,25 and are also 54% more likely to die from cardiovascular disease.26 Higher 

mortality rates are also seen in Asian American subgroups.27 Finally, not accounting for the 

competing risks of death might result in inappropriate government resource allocation not 

aimed at the highest risk subgroups, especially among those with CLTI who face the highest 

competing risk of mortality and disparities in care.24

Overestimation of the risk of major amputation due to competing mortality risk can also 

have an impact at a population health level for patients with PAD, skewing our assessment 

of the burden of disease. Assessing the true burden of PAD, especially CLTI, has proven 

to be challenging due to underdiagnosis and evolving high-risk patient populations,28,29 yet 

accurate assessment and surveillance of disease to offset national and global amputation 

rates is necessary for appropriate allocation of resources. This requires high-fidelity 

estimates of the risk of amputation. Composite endpoints have been used frequently in 

clinical trials and outcomes research to account for competing risk; however, these can 

be misleading when assessing outcomes for patients with PAD and discussing preference-

sensitive risks and benefits in real-world practice. These results argue for the use of 

competing risk analysis in outcomes research for amputation in PAD. Given the complexity 

of managing PAD and the evolving means of assessing amputation rates, as outlined 

above, there is a need for a multidisciplinary approach to surveillance and interpretation 

of amputation rates that incorporates competing risk analysis.

Limitations

This study should be interpreted with the following limitations in mind. First, we used 

the VQI database, which is not used by all centers in the country and practices outside 

the participating centers might differ. However, we used over 200 centers across the 

multinational database, which should improve the generalizability of the results. Second, 

the use of administrative outcomes data may introduce biased estimates due to missing data. 

However, the results were consistent when using imputed datasets for handling missing data 

as described in our methods section. Lastly, the methods used in this paper are limited to 

evaluating outcomes with a single competing event and cannot be applied to other outcomes, 

such as .reintervention, that have more than one competing event.

Conclusion

Standard time-to-event analysis overestimates the risk of major amputation at 2 years 

after a PVI in non-CLTI and CLTI when compared with competing risk analysis, 

overestimating the incidence by more than 20% in those with CLTI and advanced age. 
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Major amputation risk estimators were also overestimated by more than 5% and 7% in 

non-CLTI and CLTI, respectively. Accurate accounting of the risk of major amputation, 

using competing risk analysis, is crucial for assessing patients’ risk in clinical practice, 

directing preference-sensitive discussions, and ensuring high-fidelity data for ongoing and 

developing national surveillance programs designed to improve the quality of PAD and CLTI 

care. A multidisciplinary approach to surveillance and interpretation of amputation rates 

involving clinicians as well as public health professionals and data scientists is necessary to 

ensure this accurate estimation of risk.
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Figure 1. 
Inclusion and exclusion criteria for the cohort derived from the VQI registry linked with 

Medicare claims outcome data.

*Only patients 65 years and older were included due to Medicare eligibility criteria.

CLTI, chronic limb-threatening ischemia; PVI, peripheral vascular intervention; VQI, 

Vascular Quality Initiative.
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Figure 2. 
The 2-year cumulative incidence function of major amputation using standard time-to-event 

analysis(1 – Kaplan–Meier) and competing risk analysis (Aalen–Johansen) in patients aged 

< 75 (A) and ≥ 75 years (B) in the CLTI cohort.

*All relative differences were calculated before rounding the estimators.

CLTI, chronic limb-threatening ischemia; PVI, peripheral vascular intervention.
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Figure 3. 
The 2-year cumulative incidence function of major amputation using standard time-to-event 

analysis(1 – Kaplan–Meier) and competing risk analysis (Aalen–Johansen) in patients aged 

< 75 (A) and ≥ 75 years (B) in the non-CLTI cohort.

*All relative differences were calculated before rounding the estimators.

CLTI, chronic limb-threatening ischemia; PVI, peripheral vascular intervention.
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Figure 4. 
The unadjusted and adjusted prediction of the 2-year risk of major amputation in patients 

aged < 75 years (A and B) versus those aged ≥ 75 years (C and D) from the standard 

time-to-event Cox proportional hazards regression model and from the competing risk Fine–

Gray regression model in the CLTI cohort.

*Regression model adjusted for age, sex, race, ethnicity. site, insurance, living at home, 

smoking guideline-directed medical therapy, hypertension, congestive heart failure, coronary 

artery disease, percutaneous intervention, coronary artery bypass grafting, diabetes. chronic 

kidney disease, endarterectomy or carotid stenting, major or minor amputation, bypass, 

endarterectomy or peripheral vascular intervention. and urgency of the procedure.

**All relative differences were calculated before rounding the estimators.

CLTI, chronic limb-threatening ischemia; PVI, peripheral vascular intervention.
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