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Abstract

Importance—One-fifth of patients with peripheral artery disease (PAD) experience depression 

and stress. Depression and stress may impact patients’ abilities to be physically active, a key 

recommendation for supporting overall PAD management to improve symptoms and reduce the 

risk of cardiovascular events.

Objective—To study interrelationships between 1-year longitudinal trajectories of depression, 

stress, and physical activity following a PAD diagnosis.

Design—Longitudinal observational multi-center registry. Patient interviews were completed at 

baseline, 3, 6, and 12 months.

Setting—Patients were enrolled in the PORTRAIT study from 10 US vascular specialty clinics.

Participants—Patients with new or worsening lower extremity PAD with claudication symptoms 

seen from June 2, 2011, to December 3, 2015 were included.

Main Outcome and Measures—Depressive symptoms (measured with the 8-item Patient 

Health Questionnaire) and perceived stress (measured with the 4-item Perceived Stress Scale). 

Physical activity, assessed with INTERHEART study questions. All measures were assessed at 3, 

6, and 12 months after presentation.

Results—A total of 766 patients were included (mean age of 68.2 (± 9.4) years, 57.7% male). 

Overall, 17.8% reported significant depressive symptoms, 36.0% experienced increased perceived 
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stress, 44.1% were sedentary upon PAD diagnosis. A decrease in physical activity preceded a 

rise in subsequent depressive symptoms (β ranges −0.45; −0.81) over the course of one year. 

A decrease in physical activity was followed by an increase in perceived stress from the initial 

presentation to 3 months (β=−0.44).

Conclusions and Relevance—In symptomatic PAD, a decrease in physical activity was 

followed by an increased risk of depressive symptoms and perceived stress within one year 

following diagnosis. Increasing physical activity and improving depression and chronic stress 

within the overall PAD management are important collective goals to address.

INTRODUCTION

Peripheral artery disease (PAD) is a chronic condition1 that affects more than 230 million 

people worldwide.2,3 Its prevalence is increasing due to an aging population and the 

growth of lifestyle-related comorbidities such as diabetes and obesity.3,4 The management of 

atherosclerotic lower extremity PAD focuses on managing symptoms and reducing the risk 

of cardiovascular and limb events through medical therapy, revascularization, and lifestyle 

changes.5

Increased physical activity, preferably through a walking regimen, is a critical lifestyle 

change recommended for patients with PAD.6–12 These patients face many obstacles to 

becoming more active, including pain with walking, overall lower-limb dysfunction, and 

increased vulnerability to mental health concerns like depression and anxiety.13 About 

20% of patients with PAD experience depression,14 and a similar proportion of patients 

experiences chronic stress.15 Both depression and stress in PAD have been associated with 

worse disease outcomes, including diminished PAD-specific health status, and increased 

long-term mortality.15–18

Depression and/or stress interfere with self-regulatory behaviors due to depletion of energy 

and poor concentration and may undermine the ability to manage a chronic condition, 

such as PAD.19 In patients with coronary artery disease (CAD), depression and stress have 

been shown to be inversely associated with maintaining self-regulatory behaviors, including 

exercise.19–21 Exercise and stress management interventions have been shown to reduce 

emotional distress and improve markers of cardiovascular risk in CAD.22 Reductions in 

depressive symptoms in patients with CAD have also been shown to precede improvements 

in self-regulatory behaviors.23

For PAD, however, neither the association between depression, stress, and self-regulatory 

behaviors such as maintaining an active lifestyle, nor the directionality of these associations, 

have been examined. This knowledge would help inform clinicians on how to focus 

their efforts to manage both physical activity and mental health treatment goals in 

the context of overall PAD disease management. Therefore, we aimed to examine the 

longitudinal interrelationships between self-reported depressive symptoms, perceived stress, 

and physical activity levels in the year following new or worsening PAD in the PORTRAIT 

(Patient-Centered Outcomes Related to Treatment Practices in Peripheral Arterial Disease: 

Investigating Trajectories) study using path analysis.
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METHODS

Study Design and Patients

The US PORTRAIT study is a longitudinal registry that collected serial health status 

information from 10 vascular specialty clinics in the US between June 2, 2011, and 

December 3, 2015.24 All patients were enrolled during their initial clinical work-up for 

new or worsening PAD symptoms. The inclusion criteria were ≥18 years of age with new or 

worsening symptoms of PAD, and an abnormal resting ankle-brachial index ≤0.90 or a drop 

in post-exercise ankle pressure of ≥20mmHg.24 Exclusion criteria were a non-compressible 

ankle-brachial index ≥1.30, critical limb ischemia, ipsilateral lower-limb revascularization 

within a year of screening, having a hearing impairment, imprisonment at the time of 

enrollment, previous enrollment in the PORTRAIT study, an inability to provide informed 

consent, and inability to speak either English or Spanish. Patients with missing baseline 

physical activity, depression, and perceived stress data were excluded from our analysis.

Demographic, socioeconomic information, PAD characteristics, and medical history 

were abstracted from patients’ electronic medical records by trained data collectors. A 

standardized interview was conducted by study coordinators at the enrolling sites to 

collect information about psychosocial factors, health status, PAD-specific symptoms, and 

cardiovascular lifestyle factors at the time of new or worsening PAD diagnosis. Centralized 

follow-up phone interviews were administered at 3, 6, and 12 months following enrollment 

to collect serial information. All study participants provided informed consent and IRB 

approval was obtained from all participating centers. 24

Measures

Depressive Symptoms and Perceived Stress—The 8-item Patient Health 

Questionnaire (PHQ-8) was used to assess depressive symptoms at the initial visit and at 3-, 

6-, and 12-month follow-ups. The PHQ-8 consists of 8 items measured on a 4-point Likert 

scale evaluating depression symptoms experienced in the past two weeks, following the 

Diagnostic and Statistical Manual of Mental Disorders25 framework for a major depressive 

disorder. Scores on the PHQ-8 range from 0 to 24, with higher scores indicating more severe 

depressive symptoms. Patients with scores equal to or above 10 were identified as having 

high levels of depressive symptoms. The sensitivity and specificity of a PHQ-8 score ≥ 10 

for major depressive disorder has been demonstrated at 100% and 95%, respectively.26

To quantify patients’ perceived stress, the 4-item Perceived Stress Scale (PSS-4) was 

administered.27 Patients were asked to rate the frequency with which they experienced 

each item in the last month on a 5-point scale, ranging from 0 (Never) to 4 (Very Often). 

Scores range from 0 to 16, with higher scores indicating a higher stress burden and worse 

coping. High stress was defined as a score of 6 or above, consistent with those used in 

previous studies, and was predictive of prognostic outcomes regarding patients’ health status 

trajectories and long-term mortality.24,27

Physical Activity—To assess patients’ exercise and physical activity status, self-reported 

questions from the INTERHEART study were used.28,29 The questions were graded from 
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1 to 4, with Grade 1 indicating mainly sedentary lifestyle, Grade 2 indicating mild activity, 

Grade 3 indicating moderate activity, and Grade 4 indicating strenuous exercise. In the path 

analysis, physical activity was treated as an ordinal variable, with Grades 3 and 4 grouped 

due to the small number of patients in Grade 4. Previous studies have shown that the 

INTERHEART questions for physical activity predictive of incident coronary artery disease, 

all-cause mortality, and cardiovascular mortality.30,31

Statistical Analysis—Demographic characteristics were described for the overall 

population and by depression and stress status. Continuous variables were presented as 

means with standard deviations and as medians and interquartile ranges. Categorical 

variables were described as frequencies and percentages. Standardized differences were 

calculated to describe differences between groups, with Cohen’s d 0.20, 0.50, or 0.80 being 

considered small, moderate, or large effect sizes, respectively.32–34

To examine the longitudinal relationships between depression and physical activity, 

assessments at the initial work-up, 3-month, 6-month, and 12-month visits were used. Given 

the repeated measures and types of variables (i.e., continuous variables for the depression, 

and ordinal variables for physical activity), a cross-lagged panel design using generalized 

structural equation modeling (GSEM) was used to accommodate the different measurement 

scales and distributions.35 GSEM analyzes the predictive association of two variables while 

controlling for effects at earlier time points and combines the power and flexibility of both 

structural equation modeling and generalized linear modeling in a unified framework.35 

GSEM uses a combination of linear and logistic regressions and considers both direct and 

indirect effects of multiple interacting factors (i.e. each variable serving as the independent 

and dependent variable for all possible pathways between the variables entered) to evaluate 

potential causal pathways. Effect sizes of individual pathways, β= 0.10, 0.30, and 0.50, were 

interpreted as small, medium, and large effect sizes respectively. 33

For our main analyses, and for ease of interpretation of the model by showing only 

the strongest associations, we derived a backward selection model, which eliminates non-

significant correlation pathways step-by-step (p-value > 0.05). Complete case analyses were 

performed for our main analyses.

As a sensitivity analysis, we also completed a complete GSEM model to verify whether 

additional paths would be identified.36 As a measure of model performance, we calculated 

the Akaike Information Criterion (AIC)37, with lower values (>−2 points difference) 

representing a better fit.

Sensitivity analysis was also performed using imputed datasets for PHQ-8, PSS-4, and 

physical activity scores at follow-up, generated by a series of multiple imputations through 

a chained equation.38 The missing PHQ-8, PSS-4, and physical activity scores at 3, 6, and 

12 months were imputed from the following variables: age, sex, race, insurance, smoking 

status, hypertension, congestive heart failure, diabetes, chronic kidney disease, stroke, 

chronic lung disease, CAD, Rutherford stage39, and baseline PHQ-8, PSS-4, and physical 

activity scores. A total of 165 complete datasets were generated. Coefficients estimated for 

each pathway were combined using Rubin’s rules.40,41
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All analyses were completed in Stata version 17 (StataCorp, College Station TX).

Results

Among 887 eligible patients, 121 were excluded from our analyses because of missing 

data at the time of initial assessment on either physical activity (n=93), depression (n=21), 

or perceived stress (n=7), leaving 766 patients for the analytic cohort (Figure 1). Minor 

differences were observed for baseline characteristics between patients with follow-up at 

12 months of at least one measure (i.e., PSS-4, PHQ-8, physical activity questions) and 

patients with no follow-up at 12 months (Table S1). Patients missing at least one measure at 

follow-up reported higher rates of sedentary behavior as well as higher depressive symptoms 

and higher stress levels.

The mean age of the overall cohort was 68.2 ± 9.4 years. A majority of patients were 

white (71.8%) and male (57.7%), with high rates of medical comorbidities such as 

hypertension (80.9%), congestive heart failure (14.4%), CAD (49.0%), diabetes (38.4%), 

chronic kidney disease (15.0%), cerebrovascular disease (11.7%), and chronic lung disease 

(15.7%). Patients with a positive depression screen were younger and were more likely to be 

white and current or past smokers compared to those with high perceived stress scores (d < 

0.200) (Table 1).

Overall, 17.8% of patients reported clinically relevant depressive symptoms (PHQ-8 score 

of 10 or above), and 36.0% had a high perceived stress burden (PSS-4 score of 6 or above) 

upon PAD presentation. A total of 44.1% of patients reported that they were sedentary upon 

presentation (Grade 1). At 12-months, 9.9% of patients had a positive depression screen, 

19% had a high perceived stress burden, and 36.1% were sedentary (Table 2).

There was an inverse relationship between physical activity and subsequent depression 

score observed in the backward selection model (Figure 2). An increase in physical activity 

preceded a decrease in depressive symptoms across several pathways: baseline to 3 months: 

β=−0.52, 95% CI, −0.89;−0.14 (large effect size); baseline to 6 months: β=−0.45, 95% 

CI, −0.80;−0.09 (medium to large effect size); and from 3 months to 12 months: β=−0.81, 

95% CI, −1.19;−0.42 (large effect size). In addition, small effect sizes were observed for 

the following associations: an increase in depression scores was followed by a decrease 

in physical activity at follow-up (baseline to 3 months: β=−0.08, 95% CI, −0.11;−0.05; 3 

months to 6 months: β=−0.08, 95% CI, −0.12;−0.04); 6 months to 12 months: β=−0.09, 95% 

CI, −0.13;−0.05).

Similarly, a decrease in physical activity at the time of PAD presentation was followed by an 

increase in perceived stress at 3 months (β=−0.44; 95% CI, −0.80; −0.07, medium to large 

effect size). There was also a small inverse association between perceived stress at PAD 

presentation at baseline and physical activity at 3 months (β=−0.09; 95% CI, −0.14; −0.05), 

and between perceived stress at 3 months and physical activity at 6 months (β=−0.12; 95% 

CI, −0.20; −0.03). These latter effects were trivial and did not reach the threshold for small 

effect size.
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Results from the complete model remained consistent with those of the backward selection 

model for the association between physical activity and both depression and stress. The fit 

of the complete model (AIC = 12,446) (Figure S1) was better than that of the backward 

selection model (AIC = 12,582) for the association between physical activity and depression. 

The fit of the complete model (AIC = 5,524) (Figure S2) was better than that of the 

backward selection model (AIC = 6,650) for the association between physical activity and 

stress. Results remained consistent between the complete model and the backward selection 

model, with no additional significant paths visualized.

Sensitivity analysis using multiple imputations largely replicated (directionality and 

strength) the paths visualized in the main analyses, with no additional associations identified 

for the depression path model. Similarly, for the stress path model, associations were 

replicated, with additional paths visualized for lowering of physical activity at 3 months 

and increased stress at 6 months, and 12 months, respectively (Figures S3 and S4).

DISCUSSION

Understanding the complex relationship between physical activity and mental health in 

patients with PAD can help identify potential strategies to improve both. In our longitudinal 

study of patients with PAD, we gained important insights into the interrelationship 

between psychological factors and physical activity levels over the course of PAD patients’ 

experiences. Our findings demonstrated that after presenting with symptomatic PAD, a 

decrease in physical activity precedes a rise in depressive symptoms and perceived stress 

over the course of one year. Particularly for depression, these effects were medium to 

large at 3 and 6 months after presentation. Similarly, a large effect was observed for the 

association between decreased physical activity at 3 months and an increase in 12-month 

depressive symptoms. These associations were also noted between decreased physical 

activity around the time of initial PAD work-up and increased perceived stress at 3 months, 

with a medium to large effect size.

Both depression and chronic stress are known to have an inverse association with the ability 

to engage in physical activity across various populations.20,21,42,43 For the PAD population, 

the longitudinal associations and directionality between physical activity and psychological 

factors have never been studied, despite the central role of physical activity in evidence-

based management of PAD.5,7,9,11 Insights and programs for patients with coronary artery 

disease are not directly transferrable to PAD given the complexity and unique risk profile 

of PAD,44–46 the failure to engage in prescribed physical activity,30 and the absence of 

integrated behavioral health care within vascular specialty care and rehabilitation programs. 

Therefore, gaining an understanding of the directionality of these relationships is critical for 

the future design of effective PAD disease management programs that address depression 

and chronic stress.

Comorbid depression and chronic stress are each associated with adverse PAD outcomes, 

including health status outcomes, limb events, and mortality.15,17,18,47–49 Our findings 

suggest that one possible mechanism that may contribute to adverse PAD outcomes is 

decreased physical activity, which in return, increases the risk of depression, particularly in 
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patients who have symptomatic PAD. Specifically, the pain experienced due to PAD may 

lead patients to avoid physical activity, consequently predisposing them to increased risks of 

developing depression and stress. This suggests that adopting a proactive and integrated 

approach to the management of PAD, targeting increased physical activity and better 

motivation, mental health, and pain management, may improve clinical and psychological 

outcomes.

Relieving PAD symptoms through invasive treatments may not result in a decrease in 

sedentary behavior, as our prior work has shown.30,31 Psychoeducation and behavioral 

activation strategies (e.g. cognitive behavioral therapy focusing on problem-solving 

strategies, motivational interviewing) are needed to promote physical activity. Furthermore, 

screening patients at risk of developing depression or chronic stress, integrating behavioral 

health care into PAD care, and monitoring symptoms of depression and stress are areas 

of need, as both depression and perceived stress are associated with PAD progression, 

complications, and mortality.15,17,18,47–49 Although evidence-based approaches to treating 

mental health (i.e., depression, chronic/acute stress) across medical populations50 have not 

been translated to the care setting of PAD, applying such approaches may further minimize 

the risk of adverse cardiovascular events and improve quality of life outcomes.18,47 PAD-

related treatment and management costs around $6.31 billion without considering indirect 

costs (e.g. productivity), with costs related to inpatient care and interventions absorbing 

most of the resources.51 Optimizing strategies for successful PAD outcomes and preventing 

exacerbations, are key priorities in the pursuit of more value-based PAD care. Centers 

for Medicare and Medicaid Services (CMS) currently reimburses exercise therapy for 

patients for PAD,52 thereby making it worthwhile to consider mental health screening 

at the start of such services in order to determine patient’s readiness and care needs to 

engage in such PAD exercise regimen, and optimize chances of success. Integrating mental 

health screening, intervention and addressing obstacles to behavioral changes allows for a 

more patient-centered approach to PAD disease management with the potential for more 

efficacious use of health care resources, and value-based care delivery.53,54

Our findings should be interpreted in the context of several potential limitations. Physical 

activity was self-reported and may not be as accurate as objective measures. However, self-

reported physical activity measures have been previously validated in the INTERHEART 

study and were found to be prognostically reliable for cardiovascular outcomes such as 

all-cause and cardiovascular mortality.28,30,31 Another limitation is that we used the PSS-4, 

which has less variability in scores than longer versions of the instrument. Previous research 

has found, however, that the PSS-4 is a reliable scale 55 and has been a strong predictor 

of relevant PAD outcomes, including health status and long-term mortality.15,17 Third, the 

excluded patients who did not record scores for physical activity, depression, and perceived 

stress may be those with the most extreme scores, which may have contributed to them 

not adhering to the study protocol. However, these patients made up a small portion of the 

sample and the path analyses were still valid after multiple imputations. Finally, we were 

unable to integrate treatment crossovers (i.e. invasive treatments in the course of follow-up) 

in the derived path estimates, which may explain the variations in the strength of the 

associations at various follow-up assessments between measures of physical activity and 

depression/stress.
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In conclusion, we reconstructed pathways between physical activity levels, depression, and 

perceived stress in the year following patients’ PAD diagnosis. Patients with a decline in 

physical activity, potentially influenced by the experience of symptomatic PAD, were more 

likely to experience subsequent depressive symptoms and perceived stress. While these 

conditions already warrant recognition and management in and of themselves, an additional 

reason to encourage increased physical activity may be to minimize future mental health 

deterioration in patients with PAD. Integrated treatment interventions that include behavioral 

healthcare should be developed to improve PAD disease management.
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KEY POINTS

Question

What is the longitudinal relationship between depression, stress, and physical activity in 

patients with peripheral artery disease (PAD)?

Findings

In a longitudinal observational registry, upon PAD diagnosis, a decrease in physical 

activity preceded a subsequent rise in depressive symptoms. Similarly, a decrease in 

physical activity was followed by an increase in perceived stress from the initial 

presentation to 3 months.

Meaning

For patients with PAD, increasing physical activity alongside with integrated behavioral 

health approaches to manage depression and stress are critical collective treatment goals.
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Figure 1. 
Derivation of the Analytic Cohort.
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Figure 2. Longitudinal Association Depression and Physical Activity.
Cross-lagged panel model testing the relationship between depression and physical activity 

(as ordinal variable) over 12 months of follow-up (backward selection model). Beta 

coefficients with 95% confidence intervals are presented (straight arrows). ** = p-value 

<0.05.
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Figure 3. Longitudinal Association Perceived Stress and Physical Activity.
Cross-lagged panel model testing the relationship between depression and physical activity 

(as an ordinal variable) over 12 months of follow-up (backward selection model). ** = 

p-value <0.05.
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