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Purpose: To analyze the independent risk factors affecting quality of life (QoL) in chronic limb threatening ischemia (CLTI) patients, 
with a particular focus on the role of the Wound, Ischemia, and foot Infection (WIfI) classification. Understanding these relationships 
could provide insights into optimizing patient management and improving their overall QoL.
Patients and Methods: This study was conducted at our center from January 2021 to January 2024. Hospitalized patients diagnosed 
with CLTI (Rutherford categories 4–6) were enrolled for QoL assessment using the Vascular Quality of Life Questionnaire 
(VascuQoL). We analyzed the differences in the scores of vascuQoL and its five dimensions among patients grouped by different 
WIfI stages. A linear regression model was used to identify independent risk factors of overall VascuQoL scores and its different 
dimensions.
Results: This study included 309 patients with an average age of 70.11 years; 30.1% were female. The mean baseline VascuQoL score 
was 2.02 ± 0.83. According to the WIfI classification, patients were distributed as follows: 15.53% stage 4, 39.16% stage 3, 27.83% 
stage 2, and 17.48% stage 1. WIfI classification emerged as a key independent predictor, significantly affecting overall VascuQoL 
scores (β=−0.15, 95% CI −0.24 to −0.06, P=0.002) and four out of five QoL dimensions (activity, symptoms, emotional well-being, 
and social interactions). Female sex, smoking history, cerebral infarction history, and previous limb revascularization also affect the 
quality of life from different dimensions or as a whole.
Conclusion: CLTI markedly worsens patients’ QoL, with WIfI stage playing a crucial role in determining outcomes.
Keywords: chronic limb threatening ischemia, peripheral arterial disease, quality of life, WIfI classification system

Introduction
Chronic Limb Threatening Ischemia (CLTI), the advanced stage of peripheral arterial disease (PAD), is characterized by 
rest pain, ulcers, or gangrene, significantly impairing patients’ quality of life (QoL).1 Persistent ischemic pain severely 
limits mobility, while chronic wounds and infections necessitate frequent hospital visits, disrupt daily activities, and often 
lead to social isolation.2 Studies using generic QoL tools, such as the SF-36, have demonstrated that CLTI patients score 
significantly lower in physical functioning, mental health, and social roles compared to both healthy populations and 
those with earlier-stage PAD. Furthermore, emotional distress such as anxiety, depression, and stigmatization associated 
with limb-threatening conditions worsens QoL.3,4 Given the profound and multifaceted impact of CLTI on patients’ QoL, 
identifying the factors influencing QoL is crucial for developing effective treatment and care strategies tailored to this 
vulnerable population.

The Vascular Quality of Life Questionnaire (VascuQoL), a tool specifically used to assess quality of life in patients 
with PAD, is commonly used to evaluate multiple domains, including symptoms, activity limitations, pain, emotional 
well-being, and social interactions.2 VascuQoL addresses the limitations of generic Questionnaire tools by providing 
a disease-specific assessment that captures the unique challenges faced by patients with vascular conditions. Among the 
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various factors influencing VascuQoL scores, the Wound, Ischemia, and foot Infection (WIfI) classification system stands 
out as a widely adopted tool for stratifying the risk of major amputation. While WIfI classification system has become 
a cornerstone for predicting amputation risk and guiding treatment decisions,5 its relationship with multidimensional QoL 
outcomes remains underexplored.

To address this gap, this single-center study aims to analyze the independent risk factors affecting QoL in CLTI 
patients, with a particular focus on the role of WIfI classification. Understanding these relationships could provide 
insights into optimizing patient management and improving their overall QoL.

Materials and Methods
Study Design and Population
This study was conducted at our center from January 2021 to January 2024. Hospitalized patients diagnosed with CLTI 
were enrolled for quality-of-life assessment using the Vascular Quality of Life Questionnaire (VascuQoL). We performed 
this analysis by screening patients according to criteria. The inclusion criteria were as follows: (1) Rutherford classifica-
tion of 4–6; (2) no vascular intervention performed on the target limb within the past two weeks; and (3) willingness and 
ability to complete the VascuQoL assessment. All assessments were performed at the time of admission and administered 
by trained nursing staff with extensive experience. The study was conducted in accordance with the principles of the 
Declaration of Helsinki and was approved by the Xuanwu Hospital Ethics Committee. Informed consent was obtained 
from all participants before enrollment.

Data Collection
The VascuQoL instrument consists of 25 questions covering five domains: activities, symptoms, pain, emotional well- 
being, and social interactions. Scores for each question range from 1 (worst) to 7 (best), with higher scores indicating 
better quality of life. Additional patient data were collected, including demographic information (age, sex, body mass 
index [BMI]), clinical characteristics (number of affected limbs, comorbidities, history of vascular reconstruction of the 
target limb), lesion location, below-knee and foot runoff scores, and WIfI stages.

Statistical Analysis
The methodology for this study followed approaches commonly used in similar research. Continuous variables were 
reported as means with standard deviations or medians with interquartile ranges, as appropriate. Categorical variables 
were presented as frequencies and percentages. Comparisons between different WIfI stage groups were performed using 
one-way ANOVA for normally distributed variables, whereas non-normally distributed variables were analyzed with 
Kruskal–Wallis test. Univariate linear regression analysis was performed to explore associations between potential 
independent variables and VascuQoL scores at admission, which served as the dependent variable. To avoid omitting 
potentially meaningful variables, variables with a p-value < 0.1 in univariate analysis were included in the multivariate 
linear regression model to identify independent predictors of overall VascuQoL scores and its different dimensions 
(activity, symptom, pain, emotional, and social). Independent variables considered in the analysis included age, sex, BMI, 
number of affected limbs, comorbidities, history of vascular reconstruction, lesion location, below-knee and foot runoff 
scores, and WIfI grades. The results of linear regression were presented as regression coefficients with 95% confidence 
intervals (CIs) and corresponding p-values. Statistical significance was defined as P< 0.05. Statistical analysis was 
performed using SPSS version 26.0 (IBM, Armonk, New York) and R version 4.2.2 (The R Foundation for Statistical 
Computing, Vienna, Austria).

Results
Baseline Characteristics
A total of 309 patients with CLTI were included in this study. The mean age was 70.11 ± 11.64 years, with females 
comprising 30.1% (93/309) of the cohort. Most patients had unilateral CLTI (91.59%) and a high prevalence of 
comorbidities, including hypertension (66.02%) and diabetes (72.17%). The infrapopliteal artery was the most common 
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lesion location (80.58%), followed by the femoropopliteal artery (61.17%). In terms of WIfI classification, 15.53% of 
patients were categorized as stage 4, 39.16% as 3, 27.83% as stage 2, and 17.48% as stage 1. The mean baseline 
VascuQoL score was 2.02 ± 0.83, indicating poor quality of life among participants. Meanwhile, QoL scores were low 
for all five dimensions (Table 1).

Table 1 Baseline Characteristics of Patients

Variables Patients=309

Age 70.11 ± 11.64

Female 93 (30.1)

BMI 23.58 ± 3.44

Unilateral CLTI 283 (91.59)

Hypertension 204 (66.02)

Diabetes 223 (72.17)

Coronary artery disease 85 (27.51)

Atrial fibrillation 10 (3.24)

Smoking history 99 (32.04)

Chronic renal insufficiency 25 (8.09)

Cerebral infarction history 32 (10.36)

Previous target limb revascularization 94 (30.42)

Lesion location

Aortoiliac artery 27 (8.74)

Femoropopliteal artery 189 (61.17)

Infrapopliteal artery 249 (80.58)

Pedal artery 40 (12.94)

Infrapopliteal runoff score 10.54 ± 4.78

Pedal runoff score 2.26 ± 0.72

WIfI stage

1 54 (17.48)

2 86 (27.83)

3 121 (39.16)

4 48 (15.53)

Overall VascuQol scores 2.02 ± 0.83

Activity 0.59 ± 0.25

Symptom 0.35 ± 0.15

Pain 0.34 ± 0.14

Emotional 0.57 ± 0.25

Social 0.17 ± 0.08

Abbreviations: BMI, Body Mass Index; CLTI, Chronic limb threa-
tening ischemia; WIfI, Wound, Ischemia, and foot Infection.
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VascuQoL Scores of Different WIfI Stages
In the overall vascuQoL score, stage 1 was significantly higher than other stages, with respective P-values of 0.029, 
0.002, and <0.001. Specifically, the scores were 2.36 ± 0.85 for stage 1, 2.05 ± 0.79 for stage 2, 1.94 ± 0.82 for stage 3, 
and 1.78 ± 0.75 for stage 4. Regarding activity scores, stage 1 was significantly higher than all other, with respective 
P-values of 0.027, 0.001, and <0.001. Additionally, stages 2 and 3 were also significantly higher than stage 4 
(P=0.005, 0.045). The symptom score for stage 1 was significantly higher than that for stage 3 (P=0.002) and stage 
4 (P=0.002). Additionally, the symptom score for stage 2 was significantly higher than that for stage 4 (P=0.047). Pain 
scores showed a trend of decreasing scores from stage 1 to 4, although the significantly difference was only found 
between stage 1 and 4 (P=0.017). In the emotional and social scores, stage 1 was significantly higher than other stages 
(Figure 1).

Regression Analysis of Overall VascuQoL
Univariate linear regression identified several factors significantly or nearly significantly associated with lower 
VascuQoL scores. These included female sex (β=−0.29, P=0.004), smoking history (β=−0.20, P=0.045), WIfI stage 
(β=−0.18, P< 0.001), and a history of previous limb revascularization (β=−0.19, P=0.066). Multivariable analysis 
confirmed WIfI stage as an independent predictor of VascuQoL scores (β=−0.15, 95% CI: −0.24 to −0.06, P=0.002), 
along with female sex (β=−0.37, 95% CI: −0.58 to −0.17, P< 0.001) and smoking history (β=−0.31, 95% CI: −0.51 to 
−0.10, P=0.003). While other clinical and demographic factors were not significantly associated with VascuQoL scores 
(Table 2).

Figure 1 Comparison of vascuQoL and its different dimensional scores across different WIfI stage groups. (A) overall score; (B) activity dimension; (C) symptom 
dimension; (D) pain dimension; (E) emotional dimension; (F) social dimension. The results showing significant differences between groups were presented. 
Abbreviations: WIfI, Wound, Ischemia, and foot Infection.
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Regression Analysis of Different VascuQoL Dimensions
Multivariable analysis revealed that female sex (β=−0.08, 95% CI: −0.14 to −0.02, P=0.007) and WIfI stage (β=−0.06, 
95% CI: −0.09 to −0.03, P< 0.001) were significant predictors of lower activity scores. Lower symptom scores were 
significantly associated with WIfI stage (β=−0.03, 95% CI: −0.04 to −0.01, P=0.003), female sex (β=−0.06, 95% CI: 
−0.10 to −0.03, P=0.001), and smoking history (β=−0.06, 95% CI: −0.10 to −0.03, P< 0.001). Significant predictors of 
lower pain scores included female sex (β=−0.07, 95% CI: −0.10 to −0.03, P< 0.001), and smoking history (β=−0.06, 95% 
CI: −0.10 to −0.03, P=0.001). While WIfI stage did not show significant association with pain scores in the multivariable 
model. Lower scores in the emotional well-being dimension were significantly associated with WIfI stage (β=−0.04, 95% 
CI: −0.07 to −0.01, P=0.015), female sex (β=−0.11, 95% CI: −0.17 to −0.04, P=0.002), and smoking history (β=−0.11, 
95% CI: −0.17 to −0.04, P=0.002). Finally, WIfI stage (β=−0.02, 95% CI: −0.03 to −0.01, P< 0.001), cerebral infarction 
history (β=−0.03, 95% CI: −0.06 to −0.01, P=0.031), and previous limb revascularization (β=−0.02, 95% CI: −0.04 to 
−0.01, P=0.032) were significant predictors of lower social interaction scores. All these results were presented in the 
Supplemental Tables 1–5.

Table 2 Univariate and Multivariable Linear Regression Analysis of Overall Vascular Quality of 
Life (VascuQoL)

Univariate Analysis Multivariable Analysis

P β (95% CI) P β (95% CI)

Age 0.343 −0.00 (−0.01 ~ 0.00)

Female 0.004 −0.29 (−0.49 ~ −0.09) <0.001 −0.37 (−0.58 ~ −0.17)

BMI 0.977 −0.00 (−0.03 ~ 0.03)

Bilateral PAD 0.378 −0.15 (−0.48 ~ 0.18)

Hypertension 0.300 −0.10 (−0.30 ~ 0.09)

Diabetes 0.212 −0.13 (−0.34 ~ 0.07)

Coronary artery disease 0.573 −0.06 (−0.27 ~ 0.15)

Smoking history 0.045 −0.20 (−0.40 ~ −0.01) 0.003 −0.31 (−0.51 ~ −0.10)

Chronic renal insufficiency 0.483 0.12 (−0.22 ~ 0.46)

Cerebral infarction history 0.360 −0.14 (−0.44 ~ 0.16)

Previous limb revascularization 0.066 −0.19 (−0.39 ~ 0.01) 0.111 −0.16 (−0.35 ~ 0.04)

Lesion location

Aortoiliac artery 0.509 0.11 (−0.22 ~ 0.44)

Femoropopliteal artery 0.233 −0.11 (−0.30 ~ 0.07)

Infrapopliteal artery 0.677 −0.05 (−0.28 ~ 0.18)

Pedal artery 0.872 −0.02 (−0.30 ~ 0.25)

Infrapopliteal runoff score 0.652 −0.00 (−0.02 ~ 0.02)

Pedal runoff score 0.122 −0.10 (−0.24 ~ 0.03)

WIfI stage <0.001 −0.18 (−0.28 ~ −0.09) 0.002 −0.15 (−0.24 ~ −0.06)

Abbreviations: BMI, Body Mass Index; CLTI, Chronic limb threatening ischemia; WIfI, Wound, Ischemia, and foot 
Infection.
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Discussion
This study highlights the substantial impact of CLTI on patients’ quality of life, which was assessed by VascuQoL. Our 
results indicate that the mean overall VascuQoL score in this cohort was 2.02 ± 0.83, reflecting severe impairment of 
QoL. Moreover, when examining individual dimension scores, this impairment was consistently evident across all five 
dimensions.1,6–8 Importantly, our study demonstrates that the WIfI stage was significantly associated with the overall 
VascuQoL score and four of its five dimensions—activity, symptoms, emotional, and social. Notably, no significant 
association was observed between WIfI classification and the pain dimension, a finding that warrants further exploration.

It was found that with the development of PAD, the patient’s quality of life in many aspects, such as activity, pain, 
and psychology, decreased significantly.3,4,8 The association between higher WIfI stages and poorer QoL likely reflects 
the increased ischemic burden, wound severity, and infection risk as the disease progresses. Advanced WIfI stages are 
characterized by severe tissue ischemia and large, infected, non-healing wounds, both of which worsen physical disability 
and reduced emotional and social functioning.9 Individuals frequently suffer from emotional distress, which includes 
sensations of disgrace, embarrassment, a decline in self-assurance, anxiety, remorse, depressive symptoms, and a sense of 
being cut off from others, as a result of their wound-related issues.10,11 This explains the significant associations of WIfI 
classification with activity, symptoms, emotional well-being, and social dimensions. The absence of a linear relationship 
between WIfI classification and the pain dimension may be attributed to peripheral neuropathy, which affects up to 60% 
of CLTI patients and can mask the sensation of ischemic pain, creating a disconnect between objective disease severity 
and subjective pain reporting.12,13 Additionally, psychological factors such as depression and anxiety, prevalent in this 
population, may further distort pain perception.4 These findings highlight the need for comprehensive pain assessment 
tools that account for both neuropathic and psychosocial components in CLTI patients.

Our study also identified female sex and smoking history as significant predictors of poorer QoL, both overall and 
across multiple VascuQoL dimensions. Women with CLTI often report worse VascuQoL outcomes than men, as 
previously noted in the BEST-CLI trial.7 Similarly, some studies have found that female PAD patients have worse 
outcomes after endovascular intervention.14 The premenopausal hormonal environment can prevent nitric oxide- 
dependent endothelial dysfunction to a certain extent, resulting in a slow development of PAD in women before the 
age of 60 or even 70. However, this phenomenon disappeared in the subsequent period.14–18 Similarly, smoking is a well- 
established risk factor for poor vascular outcomes and QoL in PAD and CLTI populations.7,19,20 Smoking accelerates 
atherosclerotic disease progression, impairs wound healing, and increases the risk of reintervention, all of which diminish 
physical and emotional well-being.21 These findings underscore the importance of targeted smoking cessation programs 
to improve both clinical outcomes and quality of life. Patients with cerebral infarction and those who have undergone 
lower limb arterial surgery may experience diminished social interaction abilities due to neurological impairment or 
restricted physical function. Additionally, chronic pain, depressive symptoms, and insufficient social support during the 
postoperative recovery period may further undermine their willingness and capacity for social engagement. Our findings 
suggest that addressing modifiable risk factors, such as smoking cessation, and providing tailored interventions (eg, 
psychological support for high-WIfI patients or gender-specific care plans) could significantly enhance QoL outcomes in 
CLTI patients. Recent studies have demonstrated the efficacy of multidisciplinary approaches, including behavioral 
therapy and patient education, in improving both physical and emotional well-being in this population.9,11

This study has several limitations that must be acknowledged. First, as a single-center study, the generalizability of 
our findings to broader CLTI populations may be limited. Second, our use of the VascuQoL as the sole instrument for 
assessing QoL may not capture all aspects of patient well-being. While VascuQoL is a validated tool specific to vascular 
disease, its scope is limited compared to generic QoL measures such as the EQ-5D or SF-36, which assess broader 
domains of health.

Conclusion
CLTI significantly deteriorates the overall QoL of patients, affecting all domains. The factors influencing different 
dimensions of QoL in CLTI patients vary. Notably, WIfI classification plays a significant role in determining QoL 
outcomes, as it is strongly associated with the overall VascuQoL score and all dimensions, except for pain. Addressing 
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these factors through comprehensive patient assessment, individualized care plans, and modifiable risk factor manage-
ment could enhance QoL outcomes in this population.
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