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A B S T R A C T   

Objective: To assess association of chronic self-perceived stress with health status outcomes of patients with 
peripheral artery disease. 
Methods: The PORTRAIT study is a prospective registry that enrolled 1275 patients with symptoms of peripheral 
artery disease across 16-sites in US, Netherlands, and Australia from June 2011 to December 2015. De
mographics, comorbidities and diagnostic information was abstracted from chart review. Self-perceived stress 
was assessed using the 4-item perceived stress scale at baseline, 3- and 6-month follow-up. Scores range from 0 to 
16 with higher scores indicating greater stress. Sum scores were calculated at each time point and averaged to 
quantify average exposure to stress from enrollment through 6 months. Disease-specific health status were 
assessed at baseline and 12-months using the peripheral artery disease questionnaire summary score. 
Results: The mean age of the analytical cohort (n = 1060) was 67.7 ± 9.3 years, 37.1% were females, and 82.3% 
were white. Comorbidities were highly prevalent with 80.9% having hypertension, 32.6% having diabetes, and 
36.4% being smokers. In models adjusted for demographics, comorbidities, disease severity and socioeconomic 
status, having a higher average stress score was associated with poorer recovery (from baseline) in peripheral 
artery disease questionnaire summary score at 12-months (− 1.4 points per +1-point increase in averaged 4-point 
perceived stress score, 95% CI -2.1, − 0.6 p < 0.001). 
Conclusion: In patients with peripheral artery disease, experiencing higher chronic stress throughout the 6- 
months following their diagnosis, was independently associated with poorer recovery in 12-month disease- 
specific health status outcomes. (ClinicalTrial.gov identifier: NCT01419080).   

1. Introduction 

The prevalence of peripheral artery disease (PAD) is increasing 
worldwide and it is estimated to affect about 360 million patients by 

2030 [1,2,2]. PAD contributes significantly towards patients’ disability 
and adversely affect their health status, including their symptoms, 
functioning, and quality of life [3–5]. In patients with PAD, mental 
health concerns particularly self-perceived stress are highly prevalent 
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[6]. It has been shown that about 30% of the patients with PAD, have 
high stress at presentation [6]. Stress is associated with adverse health 
behaviors such as smoking, decreased sleep, decreased physical activity 
and various pathophysiological effects resulting in hypertension, hy
perglycemia and endothelial dysfunction [7]. Moreover, stress is also 
associated with decreased compliance and delays in seeking care [8]. 
Through an interplay of these complex mechanisms stress is a potent 
cardiovascular risk factor [7] and the latest American College of Car
diology guidelines on prevention lay emphasis on addressing psycho
social stressors in patients with cardiovascular disease [9]. In our 
previous work we have shown that higher level of chronic stress is 
associated incrementally with higher mortality in patients with PAD 
[10]. 

Beyond mortality, patients with PAD are equally or more concerned 
about their health status outcomes [11]. Some studies have examined 
the association of stress and distressed personality traits with disease- 
specific health status in patients with PAD [12,13]. However, these 
studies looked at either stable personality constructs or examined cross- 
sectional associations and did not account for changes in stress levels 
over time. There exists a gap in understanding the association of chronic 
stress with health status in patients presenting with new symptoms of 
PAD. A deeper understanding of the potential impact of chronic self- 
perceived stress on patients’ health status over time, could inform the 
design of chronic disease management programs for PAD as stress is a 
modifiable risk factor for which evidence-based treatments exist 
[14,15]. 

2. Methods 

2.1. Study population 

The PORTRAIT registry enrolled patients who presented with 
symptoms of PAD to 16 sub-specialty clinics across USA, Netherlands, 
and Australia from June 2011 to December 2015. The detailed meth
odology and study protocol have been described previously [16]. 
Briefly, patients presenting to a specialty clinic with symptoms of PAD 
and an ankle brachial index (ABI) ≤ 0.90 or a significant drop in post- 
exercise ankle pressure (≥20 mm of Hg) were enrolled. Patients with 
non-compressible ABI ≥ 1.30, critical limb ischemia, lower-limb revas
cularization in the 12 months prior to the PAD visit and those who were 
incarcerated, hard of hearing or unable to provide informed consent 
were excluded. 

Patient demographics, health status, psychosocial characteristics, 
socioeconomic variables and cardiovascular lifestyle factors were ob
tained through interviews at the initial visit. Patients’ symptoms, med
ical history, comorbidities, and PAD diagnostic information were 
abstracted from medical records. Serial information about health status 
was collected at baseline, 3-, 6- and 12-month follow-up through 
centralized follow-up. All study participants provided either written or 
telephonic informed consent. The study protocol was approved by the 
Institution Review Boards of all participating sites. 

2.2. Assessment of self-perceived stress 

Patients’ level of perceived stress was assessed at enrollment and 
follow-up visits with the 4-item perceived stress scale (PSS-4). The PSS-4 
is a reliable and valid measure (Cronbach’s Alpha 0.67–0.79) of an in
dividual’s self-evaluation of control and confidence in handling the 
stressful situations over the past month [17]. Cronbach’s Alpha for PSS- 
4 in our study was 0.67. Scores range from 0 to 16, with higher scores 
indicating stress exceeding an individual’s ability to cope. As the PSS-4 
is a non-diagnostic instrument, there are no established thresholds, and 
scores are compared to a normative value [18]. Hence, to describe the 
impact of chronic stress with health status outcomes, we examined the 
association of PSS-4 as a continuous variable with health status 
outcomes. 

For purposes of comparing patient characteristics by low vs. high 
levels of stress, we used a score of ≥6 to describe patients with high 
levels of self-perceived stress. This threshold is in accordance with prior 
global normative data described in an English population and other 
countries. This threshold is in accordance with prior global normative 
data described in an English population and other countries [18–21]. 

We wanted to examine high overall stress levels in the immediate 
management period following a recent diagnosis of new or worsening 
PAD, and how these are related to patient’s health status outcomes. The 
period of stress levels assessed over time coincided with the PAD 
treatment pathway, with the underlying thought that future in
terventions could support individuals who are vulnerable to high stress 
experiences during this time that they are receiving PAD care and as 
ways to potentially optimize the PAD rehabilitation process and pa
tients’ subsequent health status outcomes. Hence, to capture a patient’s 
stress levels during this period, we calculated the PSS-4 score at baseline, 
3- and 6-month follow-up and averaged them across these time points. 
This was our main exposure variable. 

2.3. Outcome assessment 

Our primary outcome was recovery in disease-specific and generic 
health status at 12-months. This was defined as change in health status 
at 12-month follow-up compared to baseline. 

Disease specific health status was assessed using the PAD Question
naire (PAQ). PAQ is a 20-item multidimensional instrument that is a 
valid, reliable and responsive disease specific measure of patients with 
PAD [22,23]. A single item identifies the more symptomatic limb and 
remaining 19 are answered according to variable Likert response scales 
to assess 6 domains, physical limitation, symptoms, symptom stability, 
social limitation, treatment satisfaction and quality of life. The PAQ 
summary score integrates all domains except symptom stability and 
treatment satisfaction [22]. Scores range from 0 to 100 with higher 
scores indicating less functional limitation, fewer symptoms and better 
quality of life. A change ≥8-points on the PAQ summary score was found 
to be a clinically meaningful difference. The PAQ has been translated 
and validated in the Dutch population [24]. 

Generic health status was assessed using the EuroQoL Visual Analog 
Scale (VAS) [25]. The VAS is a measure of perceived general health that 
consists of a single item “feeling thermometer”, on which the patients 
rate their general health state from 0 (worst imaginable) to 100 (best 
imaginable) [25]. 

2.4. Other variables 

Depressive symptoms were assessed using the eight-item patient 
health questionnaire (PHQ-8, 26]. Scores range from 0 to 24 with higher 
score indicating greater depressive symptoms. Score ≥ 10 are consid
ered to imply clinically significant symptoms [26]. PAD disease severity 
was assessed using ABI at baseline and Rutherford classification of 
symptoms. Treatment strategy at 3-months following patient’s PAD 
work-up was categorized as invasive (percutaneous or surgical inter
vention) or non-invasive (medical therapy only). Socioeconomic status 
was assessed using patient responses to questions regarding their highest 
level of education (high school/college/post graduate), avoidance of 
care due to costs (yes/no) and financial resources left at the end of the 
month (some/just enough/not enough). 

2.5. Statistical analysis 

For descriptive analyses, we dichotomized our analytical cohort 
based on patients averaged stress scores (from enrollment to 6-month 
follow up) as high (average PSS-4 ≥ 6) vs. low (average PSS-4 < 6). 
Patient demographics, PAD severity, treatment strategy and comorbid
ities at baseline were compared in patients with high and low chronic 
stress. Continuous variables were presented as means ± standard 
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deviations and were compared across groups using independent Student 
t-tests for independent samples or Mann-Whitney U tests for non- 
normally distributed variables. Categorical variables were presented as 
frequencies with percentages and were compared using Chi-square tests. 

To examine the association of chronic stress with patients’ health 
status trajectories, we plotted mean PAQ scores at each follow-up 
assessment in patients with high and low levels of chronic stress. To 
examine the association of averaged stress scores with change (baseline 
to 12-months) in generic and disease specific health status at 12-months, 
we used hierarchical multivariable regression models, with a fixed effect 
for country and a random effect for site to account for clustering at the 
site level. To understand the impact of factors that could explain the 
relationship of chronic stress with PAD outcomes we defined several 
models a priori and used a step-wise modelling approach. In Model 1, we 
assessed the unadjusted association of average PSS-4 score with change 
in health status at 12-months, except for adjusting for baseline health 
status. In Model 2, we additionally adjusted for patient demographics 
(age, sex and race). As stress has been associated development of dia
betes [27], hypertension [28], myocardial infarction [29], heart failure 
[30] and smoking [27] we adjusted for these covariates as well as PAD 
severity (assessed with baseline ABI) and treatment type (invasive/ 
medical) in Model 3. This was to assess if there remained an independent 
association after accounting for these factors; which could potentially 
have either a confounding or mediating effect, or both. Additionally, 
socioeconomic status has been associated with adverse outcomes in 
patients with PAD [31]. Hence in Model 4, we additionally adjusted for 
socioeconomic status. To understand the association of stress with re
covery in health status independent of depressive symptoms we did the 
following exploratory analysis. In our model 4, we adjusted for averaged 
(across all time points) PHQ-8 score to examine if there remained a 
significant association between chronic exposure to stress and recovery 
in health status, outside the context of depressive symptoms. 

As a sensitivity analysis we quantified each patient’s average stress 
over 12-months of the study, by taking the average of PSS-4 scores at 
baseline, 3-, 6- and 12-month follow-up and repeated the above analysis, 
to examine the impact on recovery in health status at 12-months. 

All our models included restricted cubic splines for estimating effects 
of continuous variables to accommodate for non-linear relationships. In 
cases where no significant evidence of non-linearity was found, associ
ations were re-estimated using linear effects to simplify interpretation. 
All statistical analyses were performed using SAS 9.4 (SAS Institute Inc., 
Cary, NC). All statistical tests were 2-tailed, and significance was 
determined using α = 0.05. 

2.6. Missing data 

Patients with missing baseline PSS-4 scores and missing health status 
assessments at either baseline or 12-months were excluded. For follow- 
up PSS-4 assessments, 244 (23.02%) had 1 and 302 (28.49%) had 2 
missing assessments respectively. The average score for all available 
PSS-4 measurements was calculated for each patient as the main expo
sure variable. The rate of missing data at the covariate level was minimal 
(<1% for all covariates), and therefore, no imputation was pursued. 

3. Results 

After excluding patients who had missing baseline PSS-4 assessment 
(n = 21), and patients who had missing health status assessment at 12- 
months (n = 194), our final study cohort included 1060 patients. Fig. 1 
shows the STROBE diagram describing the derivation of the analytical 
cohort. Supplementary Table 1 compares the differences in the patients 
who were excluded and those who were not. Patients who were 
excluded had a higher average PSS-4 and PHQ-8 scores and were less 
likely to have at least high school level of education and have hyper
tension. There were no significant differences in demographics or 
prevalence of other comorbidities except hypertension which was less 
prevalent in patients who were excluded. 

In the final study cohort, mean age was 67.7 ± 9.3 years, 37.1% (n =
393) of the patients were females and 82.3% (n = 872) were white. 
Comorbidities were highly prevalent with 80.9% (n = 858) patients 
having hypertension, 19.6% (n = 208) having history of myocardial 
infarction, 32.5% (n = 345) having diabetes, 9.7% (n = 103) having 
congestive heart failure, 36.4% (n = 386) being active smokers and 
14.1% (n = 149) having clinically relevant depressive symptoms (PHQ- 
8 ≥ 10). About 10% (n = 103) of the patients reported not having 
enough finances left at the end of the month to make ends meet, and 
70.1% (n = 743) reported having at least high school education. 

Table 1 describes the baseline demographic and clinical character
istics of patients stratified by high (≥6) and low (<6) average PSS-4 
score. Patients with high average stress were younger, more likely to 
be females and less likely to be white. Additionally, patients with high 
average stress had greater prevalence of diabetes, heart failure, sleep 
apnea, coronary artery disease and hypertension, and were less likely to 
receive an invasive treatment strategy. There were no significant dif
ferences in baseline ABI and prevalence of other comorbid conditions. 
More patients with high chronic stress reported not having enough fi
nances left at the end of the month and avoiding care due to costs. 
Moreover, depressive symptoms were significantly more common in 

Fig. 1. STROBE diagram showing selection process for final study cohort.  
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patients with higher stress. 
Overall in the study cohort the mean PAQ summary score at baseline 

and 12-month follow-up was 49.6 ± 21.6 and 70.1 ± 25.5 respectively. 
Mean VAS was 66.6 ± 19.0 at baseline and 70.2 ± 17.8 at 12-month 
follow-up. Fig. 2 describes the trajectories of disease-specific and 
generic health status in patients with high and low levels of chronic 
stress over the 12-months of the study. Patients who were exposed to 
high levels of chronic stress had poorer disease-specific health status 
(across all PAQ domains) as well as generic health status (VAS) at 
baseline and all follow-up assessments. 

Figs. 3 and 4 show the association of average PSS-4 scores with re
covery (from baseline) in PAQ summary score and VAS at 12-months. 
Results for Model 1 are unadjusted analysis, and Model 2–4 are results 
after sequentially adjusting for patient demographics in Model 2, 
comorbidities, disease severity and treatment in Model 3, and socio
economic status in Model 4. In adjusted models accounting for potential 
confounding factors including patient demographics, comorbidities, 
disease severity, treatment type and socioeconomic status, higher stress 
scores were associated with lower PAQ SS (− 1.4 points per + 1-point 
increase in PSS-4 95% CI -2.0, − 0.9 p < 0.001) and VAS (− 1.2 points per 
+ 1-point increase in PSS-4 95% CI -1.6, − 0.8 p < 0.001) at 12-months. 
After accounting for depressive symptoms (by adjusting for averaged 
PHQ-8 score), the association between chronic stress and 12-month 
change in PAQ summary score attenuated (− 0.10 points per +1-point 
increase in PSS-4 95% CI -0.7, 0.5 p = 0.75). However there remained a 
significant association of chronic stress with 12-month change in VAS 
(− 0.5 points per + 1-point increase in PSS-4 95% CI -0.9, 0.00 p = 0.05). 

In our sensitivity analysis, including the 12-month PSS-4 assessment 
in the exposure variable, there remained a substantial association of 
chronic stress over 12-month follow-up with poorer recovery in health 
status at 12-months. Supplementary Figure 1 and 2, show these results. 
In adjusted models accounting for potential confounding factors 
including patient demographics, comorbidities, disease severity, treat
ment type and socioeconomic status, higher stress scores were associ
ated with lower PAQ SS (− 2.2 points per + 1-point increase in PSS-4 95% 

Table 1 
Patient demographics, comorbidities and treatment and socioeconomic factors 
stratified by patients with high vs low chronic stress level.   

PSS-4 Score ≥ 6 n =
198 

PSS-4 Score 
< 6 
n = 862 

P value 

Demographics 
Age (Mean ± SD) 65.2 ± 9.5 68.2 ± 9.2 < 0.001 
Female Sex (%) 44.9 35.3 0.01 
White (%) 70.7 84.9 < 0.001 
Comorbidities and treatment (%) 
Current smoker 40.9 35.4 0.32 
Diabetes 41.9 30.4 0.001 
Hypertension 85.4 79.1 0.02 
Congestive Heart Failure 14.6 8.6 0.009 
Chronic Kidney Disease 11.6 10.6 0.67 
Cancer 11.6 9.6 0.40 
Osteoarthritis 8.6 9.2 0.78 
Sleep Apnea 11.6 7.8 0.08 
Chronic Back Pain 13.6 14.0 0.88 
Coronary Artery Disease 51.0 42.7 0.03 
History of MI 23.7 18.7 0.11 
History of stroke 11.6 11.6 0.81 
Invasive Treatment Strategy 18.3 28.2 0.004 
ABI (Mean ± SD) 0.65 ± 0.20 0.67 ± 0.18 0.20 
Rutherford Classification of Symptoms (%) 
Mild Claudication 16.8 23.9  

<0.001 Moderate Claudication 45.7 50.0 
Severe Claudication 37.6 26.1 
Socioeconomic Status (%) 
High school education 73.1 69.9 0.37 
Not enough money left at 

month end 
24.4 6.7 <0.001 

Avoiding care due to cost 25.0 11.4 <0.001 
Work for pay 46.2 36.4 0.25 
Depressive Symptoms at Baseline 
PHQ-8 ≥ 10 (%) 41.0 8.2 < 0.001 
PHQ-8 (Mean ± SD) 8.5 ± 6.4 3.6 ± 3.8 < 0.001 
Ankle Brachial Index (ABI), Myocardial Infarction (MI), 8-point patient health 

questionnaire (PHQ-8),  

Fig. 2. Generic and disease-specific health status at baseline, 3-, 6- and 12-month follow-up in patients with high and low chronic stress. (disease specific health 
status assessed by Peripheral Artery Disease Questionairre Summary Score and generic health status examined by Euro-Quality of Life Visual Analog Scale). 
[PAQ = Peripheral Artery Disease Questionnaire]. 
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CI -2.9, − 1.6 p < 0.001) and VAS (− 2.0 points per + 1-point increase in 
PSS-4 95% CI -2.4, − 1.5 p < 0.001) at 12-months. 

4. Discussion 

With a growing population of PAD patients, it is critical to examine 
factors associated with worse outcomes in patients with PAD as this 
could identify potential novel therapeutic strategies and treatment 
plans. Chronic stress is a debilitating condition that is common, 
adversely impacts people’s lives and exerts a significant burden on 
health care systems globally [32,33]. In a multi-national contemporary 
registry of patients with PAD we found that about 19% of the patients 
with PAD continue to have high stress levels after their diagnosis. 
Moreover, higher chronic self-perceived stress was strongly associated 

with worse symptoms, function and quality of life. These associations 
were independent of patients’ demographics, baseline ABI, major 
comorbidities, treatment type, and socioeconomic indicators. 

We have previously described the association of chronic stress with 
an incremental risk of mortality in patients with PAD [10]. This study 
significantly extends the understanding of the adverse outcomes asso
ciated with chronic stress in patients with PAD, by including patients’ 
health status. Previous studies have shown the prevalence of mental 
stress and anxious personality traits is high in patients with PAD and is 
associated with poorer health status [12,13]. However these studies 
have only assessed generic measures of health status [12] and only 
examined select populations without specifically quantifying patients’ 
chronic mental stress [13]. Our results substantially add to current 
literature by using data for patients enrolled at similar time point for 

Fig. 3. Association of a single point increase in averaged PSS-4 with corresponding change in PAQ SS (baseline to 12-months) in patients with peripheral artery 
disease 
[PSS-4 = 4-point Perceived Stress Scale, PAQ = Peripheral Artery Disease Questionnaire]. 

Fig. 4. Association of a single point increase in averaged PSS-4 with corresponding change in (baseline to 12-months) EuroQoL Visual Analog Scale in patients with 
PAD 
[PSS-4 = 4-point Perceived Stress Scale]. 
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progression of PAD (development of new symptoms), use of validated 
instrument (PSS-4) to assess patients chronic self-perceived stress at 
multiple assessments over a 6-month follow-up period and looking at 
longitudinal association with health status. 

Chronic mental stress is associated with development and progres
sion of cardiovascular disease. The mechanisms underlying this associ
ation are complex and multi-faceted. These include development of 
adverse health behaviors such as physical inactivity [34], obesity [27] 
and smoking [35]. Stress is also associated with pathophysiological 
pathways leading to development of higher blood pressure [28], insulin 
resistance [27], enhanced activity of hypothalamic-pituitary axis [36], 
platelet reactivity [37] and inflammation [38]. Moreover, patients with 
higher stress are less likely to be compliant with treatment and may 
present with vague symptoms causing treatment delays [8]. Through 
interplay of these complex processes, stress has been recognized as a 
strong independent determinant of outcomes in patients with athero
sclerotic vascular disease [7]. However, stress is a modifiable risk factor 
and the impact of stress on adverse outcomes can be attenuated. In 
randomized studies, interventions to improve coping skills for stress 
such as cognitive behavioral therapy and transcendental meditation in 
addition to standard therapy were associated with decreased risk of 
mortality, recurrent myocardial infarction and stroke in patients with 
cardiovascular disease [14,15]. Additionally it has also been shown that 
in a heterogenous patient population group mindfulness meditation 
training programs to help patients cope with chronic stress improved 
patients functional status and physical symptoms [39]. Optimizing 
health status and disease-specific quality of life have been recognized as 
important goals of treatment in patients with cardiovascular disease 
[40]. Given that, we found a strong independent association of stress 
with worse health status outcomes, our findings highlight potential for 
targeted interventions such as transcendental meditation, cognitive 
behavioral therapy and group meditation therapy in addition to stan
dard therapy to directly improve health status outcomes of patients with 
PAD. 

Our findings should be interpreted in the context of the following 
potential limitations. Firstly, the observational design of this study 
precludes any inferences about causation. More research is needed to 
test the efficacy of interventions to mitigate the impact of chronic stress 
on outcomes in PAD. Furthermore, other unmeasured factors could have 
influenced health status outcomes and could have biased our results. 
However, even after extensively adjusting for factors that could be along 
the causal pathway between exposure to stress and patients’ health 
status, a significant and strong association with poorer health status with 
higher exposure to stress remained. Secondly, the sites that recruited 
patients for the PORTRAIT study may not be representative of other 
vascular clinics that were not represented in this study. Third, we had a 
large proportion of patients with missing data for stress and health status 
assessment and this could have biased our results. Finally, we quantified 
stress using the PSS-4 which is a generic and brief instrument to assess 
perceived stress levels in communities and this measurement may not 
necessarily extend to other measures of stress or other domains of 
mental health functioning, nor should it be used for diagnosing pur
poses, as stress reactions are universal responses. 

Across a broad spectrum of PAD-specific health status assessments 
quantifying the impact on patients’ symptoms, function and quality of 
life as well as measures of generic health status, we found that recovery 
in health status in patients with PAD was adversely impacted by higher 
chronic self-perceived stress. Moreover, about 1 in 5 patients diagnosed 
with PAD continue to have high stress level following their diagnosis. 
This highlights the potential of using a holistic treatment approach that 
includes addressing patients’ psychosocial issues, as a strategy that 
could improve outcomes in patients with PAD. 
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