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Abstract

Background: As a key treatment goal for patients with symptomatic peripheral artery disease 

(PAD), improving health status has also become an important end point for clinical trials and 

performance-based care. An understanding of patient factors associated with 1-year PAD health 

status is lacking in patients with PAD.

Methods: The health status of 1073 consecutive patients with symptomatic PAD in the 

international multicenter PORTRAIT (Patient-Centered Outcomes Related to Treatment Practices 
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in Peripheral Arterial Disease: Investigating Trajectories) registry was measured at baseline and 1 

year with the Peripheral Artery Questionnaire (PAQ). The association of 47 patient characteristics 

with 1-year PAQ scores was assessed using a random forest algorithm. Variables of clinical 

significance were retained and included in a hierarchical multivariable linear regression model 

predicting 1-year PAQ summary scores.

Results: The mean age of patients was 67.7 ± 9.3 years, and 37% were female. Variables with 

the highest importance ranking in predicting 1-year PAQ summary score were baseline PAQ 

summary score, Patient Health Questionnaire-8 depression score, Generalized Anxiety Disorder-2 

anxiety score, new onset symptom presentation, insurance status, current or prior diagnosis of 

depression, low social support, initial invasive treatment, duration of symptoms, and race. The 

addition of 19 clinical variables in an extended model marginally improved the explained variance 

in 1-year health status (from R2 0.312 to 0.335).

Conclusions: Patients’ 1-year PAD-specific health status, as measured by the PAQ, can be 

predicted from 10 mostly psychosocial and socioeconomic patient characteristics including 

depression, anxiety, insurance status, social support, and symptoms. These characteristics should 

be validated and tested in other PAD cohorts so that this model can inform risk adjustment and 

prediction of PAD health status in comparative effectiveness research and performance-based care.
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Patients with peripheral artery disease (PAD) experience significant functional limitations 

due to their disease.1 As a result, a key objective in PAD management is to improve 

health status, including symptoms, functioning, and quality of life. Measuring these patient-

reported outcomes has become a primary focus for end points of clinical trials,2-4 supporting 

comparative effectiveness research, and more recently, as a metric for the quality of clinical 

care.4-7 To reliably quantify PAD treatment effects, we need to standardize and validate 

approaches for risk adjustment and prediction, as patients’ individual responses to PAD 

treatments are variable and impacted by their individual patient characteristics.8,9

A critical gap in PAD research is the development of standardized prediction models 

that can holistically capture demographics, socioeconomic factors, clinical characteristics, 

and psychosocial determinants of patients’ health status experience across different PAD 

treatment modalities. To address this gap, we aimed to develop a 1-year health status 

prediction model using longitudinal data from an international, prospective registry of 

patients with PAD who present with new-onset or an exacerbation of claudication. By 

identifying which patient characteristics have the largest impact on health status, we can 

identify high-risk patients, develop risk-adjustment strategies for quality performance bench-

marking, and design targeted interventions to improve patients’ outcomes.
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METHODS

Study design and participants.

The PORTRAIT (Patient-Centered Outcomes Related to Treatment Practices in Peripheral 

Arterial Disease: Investigating Trajectories) (NCT01419080) registry was an international, 

prospective registry of patients with symptomatic PAD presenting to vascular outpatient 

clinics in the United States, the Netherlands, and Australia. The study design for 

PORTRAIT has been previously described.10 In brief, consecutive patients with objective 

evidence of symptomatic claudication (Rutherford class I, II, or III with a resting ankle 

brachial index [ABI] of ≤0.90 or a significant drop in the postexercise ankle pressure of ≥20 

mm Hg) were enrolled between June 2011 and December 2015. Patients with critical limb 

ischemia were excluded. Trained data collectors conducted a baseline interview and used 

structured case report forms to collect demographics, socioeconomic factors, and medical 

history. After the initial evaluation, the primary treatment strategy employed within the 

first 3 months of presentation was categorized as invasive (with endovascular or surgical 

peripheral vascular intervention) or medical management (including pharmacotherapy, 

supervised exercise therapy, or other). Standardized case report forms were used to abstract 

follow-up clinical information (medical history and medications) from the patients’ medical 

records over 1 year of follow-up. At 3 months, 6 months, and 1 year, telephone interviews 

were used to obtain information about patients’ health status. This study complies with the 

Declaration of Helsinki, and all participating centers obtained institutional review board 

approval. All patients provided informed consent.

Candidate predictor variables.

Forty-seven variables were considered in this analysis. Demographic variables included age, 

sex (male or female), race (White or non-White), marital status (married or unmarried), 

and country (United States or non-United States). Socioeconomic status was assessed by 

collecting education level (greater than high school education or not), current employment 

status (yes or no), insurance status (insured or uninsured), and avoidance of care due 

to cost (yes or no). Psychosocial factors included the Patient Health Questionnaire-2 

(PHQ-2) score to screen for depressive symptoms, the Perceived Stress Scale-4 (PSS-4) 

score to assess perceived stress levels, and the Generalized Anxiety Disorder-2 (GAD-2) 

score to screen for generalized anxiety symptoms.11-13 These scores were modeled as 

continuous variables. The ENRICHD Social Support Instrument was used to assess for the 

presence of social support (low or normal/high social support).14 Comorbidities included 

a history of alcohol use, atrial fibrillation, body mass index, cancer, chronic back pain, 

chronic kidney disease, chronic lung disease, congestive heart failure, depression, diabetes, 

dyslipidemia, hypertension, osteoarthritis, prior coronary artery disease, stroke, transient 

ischemic attack, sleep apnea, and tobacco smoking status. PAD-related characteristics 

included duration of PAD symptoms (1-6 months or more than 6 months), legs involved 

(single or both), primary treatment strategy (invasive or noninvasive medical management), 

history of peripheral surgical bypass, history of endovascular treatment, PAD presentation 

type (new PAD symptoms or exacerbation of established PAD symptoms), Rutherford 

category (mild/moderate or severe),15 ABI (analyzed continuously), and symptom type 

(typical or atypical symptoms derived from the San Diego Claudication Questionnaire16). 
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Postoperative complications were only captured in the United States sites and were 

uncommon (n = 32 events, 4.8%) and too low to include as a factor in the model. PAD 

care metrics included referral to supervised exercise therapy, statin use, antiplatelet use 

(aspirin or clopidogrel), and claudication medications (cilostazol/pentoxifylline). Additional 

variables included leisure time physical activity (high vs low),17 baseline PAD-specific 

health status measured with the PAQ summary score, and generic health status measured 

with the EuroQoL Five Dimensions Questionnaire visual analog scale score.18

Outcome measures.

The main outcome in this study was 1-year PAD-specific health status after initial 

PAD workup. Health status was measured using the PAQ, which is a 20-item 

questionnaire disease-specific instrument measuring the following domains: physical 

limitation, symptoms, quality of life, social limitation, and treatment satisfaction. A 

summary score is calculated from the physical limitation, symptom, social limitation, and 

quality of life domains. The PAQ domains and summary scores have a range of 0 to 

100, with higher scores indicating better health status. The PAQ is a commonly used 

disease-specific instrument to quantify the health status impact of PAD19 and has been used 

in randomized trials testing the efficacy of PAD treatments, as well as in observational 

PAD registries.10,20-22 The PAQ has been shown to be sensitive to changes in clinical 

improvement in patients with symptomatic PAD undergoing elective revascularization with 

internally reliability (Cronbach’s α = 0.80-0.90) and correlation to other measures of patient 

health status (including the EuroQoL Five Dimensions Questionnaire).19,23 Lower PAQ 

scores in patients with claudication have also been shown to correlate, albeit weakly, to 

level of anatomic disease,24 lower ABI values,25 and an increased risk of poor clinical 

outcomes including major adverse cardiovascular events, major adverse limb events, and 

lower extremity revascularization.26

Statistical analysis.

Patient characteristics were summarized as means (standard deviation) or frequencies (%) 

and compared using standardized mean differences. Standardized differences below 10% or 

below 20% were considered negligible or small, respectively.27 Participants with missing 

1-year PAQ summary scores were excluded from the analysis, and missing covariate data 

were imputed using Multiple Imputation in Chained Equations.

A random forest regression was applied to generate importance weights for all 47 

candidate variables, with 1-year PAQ summary score as the outcome. Variables with the 

highest importance weights before a change in the regression slope were used to build a 

multivariable linear regression (base model). The random forest model was used to improve 

the classification of variables according to importance and enhance the factor selection for 

a linear regression model. Although random forest models provide excellent information on 

which variables are important, they do not provide information on the directionality of the 

association. Linear models provide risk estimates in the form of mean change in PAQ scores 

as well as confidence intervals (CIs) that can be readily used by clinicians.
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Next, interactions were tested between treatment type (invasive vs noninvasive) and 

each variable in the linear regression model, and only significant main and interaction 

effects (P < .05) were retained in this base model. A correlation matrix using Pearson 

correlation coefficients was calculated for all variables in the linear regression model, 

with a correlation of >0.7 among two or more predictors indicating multicollinearity. The 

variance inflation factor (VIF) was also used to assess the correlation between independent 

variables and other predictors, with a VIF ≥5 indicating high multicollinearity. The base 

model was stratified by country (United States vs non-United States). We explored whether 

reintroducing 19 variables previously excluded from the base model (that are used clinically 

and have associations with health status in the literature) would dramatically improve model 

performance in an extended model. The additional variables in the extended model included 

age, sex, education, avoidance of care due to cost, body mass index, ABI, history of 

back pain, coronary artery disease, cancer, chronic kidney disease, diabetes, lung disease, 

osteoarthritis, prior peripheral vascular intervention, sleep apnea, stroke, tobacco use, PAD 

symptom type (typical or atypical), and leisure activity level.

Model fit statistics (R-squared, Akaike information criterion or AIC, and Bayesian 

information criterion or BIC28) were assessed for the base and extended models. Models 

were compared using a likelihood ratio test. A P value of less than .05 was considered 

statistically significant, and all tests were two-tailed. All statistical analyses were performed 

using Stata Statistical Software: Release 16 (StataCorp LLC).

RESULTS

Patient cohort.

Of the 1275 patients enrolled in the PORTRAIT registry, 202 were excluded because of 

missing 1-year PAQ scores (15.8%, Supplementary Table I, online only). Table I shows the 

baseline characteristics of the 1073 patients included in this analysis. The mean age was 

67.7 ± 9.3 years, and 37.0% were female. Most patients were enrolled from the United 

States (62.1%) and of White race (82.4% overall, with 72.5% in the United States and 98.5% 

outside of the United States). Patients from the United States were less likely to be married 

(54.8% vs 67.3%), more likely to have a high school or higher education level (86.5% vs 

43.4%), and had higher baseline PSS-4 stress scores (all standardized mean difference >0.2). 

The most common comorbidities in the full cohort were tobacco use (89.4%), hypertension 

(80.6%), dyslipidemia (79.9%), prior percutaneous coronary intervention or coronary artery 

bypass graft (35.6%), and diabetes (32.6%). The mean ABI was 0.67 ± 0.19; 28.5% of 

patients had severe claudication symptoms according to the Rutherford classification, and 

52.5% were presenting with new onset symptoms, with most (67.8%) lasting more than 6 

months. The mean PAQ summary score at baseline was 49.8 ± 21.7. An invasive primary 

treatment strategy was used in 281 patients (26.2%).

Predictors of 1-year health status.

Variables with the highest importance in the initial random forest model were baseline 

PAQ summary score, PHQ-8 depression score, GAD-2 anxiety score, new onset symptom 

presentation, insurance status (in the United States), current or prior diagnosis of depression, 
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low social support, initial invasive treatment, duration of symptoms, and race (Fig 1). These 

variables were retained in the linear regression model. Baseline PAQ summary score and 

GAD-2 anxiety score had a significant interaction with primary treatment type (P value 

<.05), and this interaction term was additionally retained in the model. The correlation 

matrix (Supplementary Table II, online only) showed no significant multicollinearity 

between predictor variables (all Pearson correlation coefficients <0.7; mean VIF of 1.26 

with no values ≥5).

In the linear regression model, the following variables were significantly associated with 

1-year PAQ summary score: baseline PAQ summary score, new onset symptom presentation, 

current or prior diagnosis of depression, low social support, initial invasive treatment, 

duration of symptoms, and race (Fig 2, Supplementary Table III, online only). Higher 

baseline PAQ summary score (4.74; 95% CI: 3.93, 5.54; P < .001; per 10-point increase), 

undergoing initial invasive treatment (12.93; 95% CI: 8.75, 19.11; P < .001), and White 

race (31.29; 95% CI: 14.45, 48.12; P < .001) were all associated with higher 1-year 

PAQ summary scores. Presenting with a symptom exacerbation as opposed to new onset 

of symptoms (−4.51; 95% CI: −7.71, −1.31; P = .006), history or current diagnosis of 

depression (−6.77; 95% CI: −11.75, −1.77; P = .008), low social support (−5.77; 95% CI: 

−9.79, −1.76; P = .005), and symptom duration of more than 6 months (−3.23; 95% CI: 

−6.37, −0.09; P = .044) were all associated with lower 1-year PAQ summary scores.

The base model was expanded to include 19 additional variables of potential relevance to 

PAD health status and outcomes (Fig 3, Supplementary Table III, online only). There was 

a very small (2%) absolute difference in variance of 1-year PAQ summary score explained 

between the extended model (R2 = 0.335, 29 variables) and the base model (R2 = 0.312, 10 

variables) despite containing three times more variables. Model fit statistics and performance 

for both models are summarized in Table II.

When stratified by country, the mean differences of insurance and race were different 

between patients within the United States and outside the United States (Australia/the 

Netherlands) (Fig 4, Supplementary Table IV, online only). Having insurance in the United 

States was associated with higher 1-year PAQ summary scores (16.3; 95% CI: 0.90, 31.6; P 
= .038) but was unable to be assessed outside the United States as all patients were insured. 

White race outside of the United States was associated with higher PAQ summary scores 

(30.35; 95% CI: 13.64, 47.07; P < .001) compared with within the United States (3.74; 95% 

CI: 0.02, 7.48; P = .049).

DISCUSSION

In this study, we have identified 10 relatively easily obtainable patient characteristics that 

help to explain the variation in 1-year health status (as measured by the PAQ) for patients 

presenting with symptomatic PAD, which corresponds with the expected performance of 

models predicting human behavior and functioning.29,30 This novel model includes baseline 

health status in combination with a range of other variables, including demographics 

(race), psychosocial (depression and low social support), and PAD-related characteristics 

(initial invasive treatment, symptom presentation, and current exacerbation of symptoms). 
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Expanding the model to include additional variables did not substantially improve the 

model’s prediction performance, suggesting that these 10 characteristics measured in 

PORTRAIT are important in the prediction of a patient’s 1-year health status. In addition 

to key comorbidities and symptoms, socioeconomic and psychosocial factors need to be 

considered during the evaluation of patients with symptomatic PAD. Assessment of these 

factors should be feasible from a clinical standpoint, as variables were retained that are 

mostly routinely available as part of a patient’s clinical evaluation.

Our work provides novel information on which patient characteristics may best predict 

health status. Our results are also unique as we were able to incorporate a wider range 

of patient and treatment characteristics to provide for a more holistic assessment as to 

which factors may impact their PAD-specific health status.19 While previously published 

work from the PORTRAIT registry has identified factors like early invasive treatment as 

associated with better health status,31 most other data sources do not have access to factors 

that fit the biopsychosocial model of disease,32 or used only generic or one-dimensional 

instruments of functioning that do not capture all relevant domains of PAD-specific health 

status.33,34 When considering which factors impact outcomes for patients, we need a broader 

assessment of risk that include these biopsychosocial variables and the social determinants 

of health that impact patients’ functional status and quality of life.

As clinical trials and comparative effectiveness research are increasingly focusing on 

patient-reported outcomes as primary end points of PAD treatment evaluation,35,36 it 

is important that we understand potential heterogeneity of treatment effects and factors 

that may impact patients’ health status functioning. Traditional biomedical factors have a 

limited ability to explain health status outcomes in PAD,25 and broader assessments of risk 

are needed. Psychosocial factors (including depression,37,38 stress,39 and socioeconomic 

status40-42) have been linked with poor health status and clinical outcomes in patients with 

PAD. This has consequences for the nature of care delivered that may impact PAD-specific 

health status outcomes.

Health status and other patient-reported outcomes are also becoming of increasing 

importance as indicators of the quality of care delivered to patients, impacting novel 

reimbursement models.7,41 We need to be able to appropriately risk-adjust models and 

benchmarking criteria according to patients’ health status in order to set quality of care 

standards in PAD similar to other clinical quality benchmarks (eg, 30-day readmission rates 

for heart failure).6 Expected treatment benefits may differ depending on patients’ baseline 

health status, other medical conditions, and broader determinants of health (including 

patients’ mental health or access to care issues). These factors may moderate expected 

treatment gains and/or may need additional resources to address them. Apart from risk 

adjustment, our model also identified modifiable factors that can prompt further evaluation 

and targeted interventions (such as behavioral health and care management), which may 

improve the health status of patients with PAD.43,44 Implementing programs to address 

these factors would require a population health management strategy with infrastructure 

to monitor and address psychosocial comorbidities in the clinic. Implementation science 

methods and a more rigorous study of the best practices to integrate psychosocial screening 

and potentially mental health care in the care of vascular patients would be prudent.
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The importance of validation and replication of prediction models is underscored by the 

interactions we found, depending on the context patients with PAD are receiving their 

care. Being able to leverage the international nature of the PORTRAIT registry highlighted 

that health care contexts matter. The Netherlands/Australia have a different health care 

system characterized by broader and affordable access and coverage for health services, 

as compared with the United States.45,46 Future validation work across other registries, 

settings, and patient cohorts to further refine risk adjustment modeling and generate a risk 

score for health status to be used in a clinical setting would be beneficial.

Our study has the following limitations. First, patients excluded due to missing 12-month 

PAQ scores had higher baseline PHQ-8 depression scores, PSS-4 stress scores, and GAD-2 

anxiety scores, and were more likely to have a history of depression and to be sedentary 

(Supplementary Table I, online only), which may limit the generalizability of the results. 

Second, the initial and full models predicting 1-year health status only explained around 

30% of the variation in 1-year health status. This is in line with other prediction models 

for health status and highlights the challenge of achieving high variance explanation for 

health status outcomes.33,47,48 Third, we cannot make causal inferences between predictors 

and health status outcomes due to the observational nature of this study. Finally, despite 

internal validation analyses, further work is needed to extend generalizability of our findings 

to patients seen outside the PORTRAIT study consortium.

CONCLUSIONS

A simple model consisting of 10 relatively easy obtainable characteristics was able to predict 

in health status at 1 year among patients with symptomatic PAD undergoing routine clinical 

care. The model can be used to identify sources of heterogeneity of health status responses 

among patients from a complete biopsychosocial perspective and can be used as a model for 

risk adjustment for performance-based care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ARTICLE HIGHLIGHTS

• Type of Research: Retrospective review of prospectively collected 

multicenter cohort study data

• Key Findings: In 1073 patients with symptomatic peripheral artery disease, 

the patient characteristics most predictive of 1-year health status (as 

measured by the Peripheral Artery Questionnaire) were baseline health status, 

depression, anxiety, low social support, new onset symptoms, duration of 

symptoms, initial invasive treatment, insurance status, and race.

• Take Home Message: Patients’ 1-year peripheral artery disease-specific 

health status can be predicted from 10 mostly psychosocial and 

socioeconomic patient characteristics.
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Fig 1. 
Random forest model importance weights for the 1-year Peripheral Artery Questionnaire 

(PAQ) summary score. ABI, Ankle brachial index; BMI, body mass index; CABG, 

coronary artery bypass graft; CVA, cerebrovascular accident; EQ-5D-VAS, EuroQoL Five 

Dimensions Questionnaire visual analog scale; ESSI, ENRICHD Social Support Inventory; 

GAD-2, Generalized Anxiety Disorder-2 Item; PCI, percutaneous coronary intervention; 

PHQ-8, Patient Health Questionnaire-8 Item; PSS-4, Perceived Stress Scale-4 Item; SET, 

supervised exercise therapy; TIA, transient ischemic attack.
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Fig 2. 
Forest plot with the base model of factors predicting 1-year Peripheral Artery Questionnaire 

(PAQ) summary scores for patients with symptomatic peripheral artery disease (PAD) in all 

countries (the United States, Australia, and the Netherlands). Variables are shown on the 

y-axis, with the mean change in PAQ score on the x-axis. The mean change in PAQ score for 

each variable is represented by the dot, with the confidence interval shown with the bars. A 

dotted line is shown at a mean PAQ score of 0, with the values on the left indicating a worse 

health status score and those on the right indicating a better health status score. GAD-2, 

Generalized Anxiety Disorder-2 Item scale; PHQ-8, Patient Health Questionnaire-8 Item.
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Fig 3. 
Forest plot with the extended model of factors predicting 1-year Peripheral Artery 

Questionnaire (PAQ) summary scores for patients with symptomatic peripheral artery 

disease (PAD) in all countries (the United States, Australia, and the Netherlands). Variables 

are shown on the y-axis, with the mean change in PAQ score on the x-axis. The mean change 

in PAQ score for each variable is represented by the dot, with the confidence interval shown 

with the bars. A dotted line is shown at a mean PAQ score of 0, with the values on the left 

indicating a worse health status score and those on the right indicating a better health status 

score. ABI, Ankle brachial index; BMI, body mass index; CABG, coronary artery bypass 

graft; CKD, chronic kidney disease; CVA, cerebrovascular accident; GAD-2, Generalized 

Anxiety Disorder-2 Item; PCI, percutaneous coronary intervention; PHQ-8, Patient Health 

Questionnaire-8 Item; PVI, peripheral vascular intervention.
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Fig 4. 
Forest plot with the base model of factors predicting 1-year Peripheral Artery Questionnaire 

(PAQ) summary scores for patients with symptomatic peripheral artery disease (PAD) 

stratified by the United States vs non-United States (the Netherlands/Australia). Variables 

are shown on the y-axis, with the mean change in PAQ score on the x-axis. The mean change 

in PAQ score for each variable is represented by the dot, with the confidence interval shown 

with the bars. A dotted line is shown at a mean PAQ score of 0, with the values on the 

left indicating a worse health status score and those on the right indicating a better health 

status score. GAD-2, Generalized Anxiety Disorder-2 Item scale; PHQ-8, Patient Health 

Questionnaire-8 Item.
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Table II.

Model fit statistics for the base and extended models

Base model Extended model

R2 0.313 0.334

AIC (smaller is better) 7352.0 7344.2

BIC (smaller is better) 7441.6 7523.4

Likelihood ratio test P < .001

AIC, Akaike information criteria; BIC, Bayesian information criteria.
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