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A B S T R A C T

Objectives: To document the prevalence and patient profiles of mental health concerns in patients with per-
ipheral artery disease (PAD) seen in the vascular specialty setting.
Methods: In a cohort of 1275 patients presenting to 16 specialty clinics with new or worsening claudication,
symptoms of depression, anxiety, and stress were quantified in 957 patients. The Patient Health Questionnaire-8
(PHQ-8), Generalized Anxiety Disorder scale-2 (GAD-2), and Perceived Stress Scale-4 (PSS-4) were assessed for
mental health concerns at the initial PAD work-up and repeated 12 months later. PHQ-8 ≥ 10, GAD-2 ≥ 3 and
PSS-4 ≥ 6 were considered significant for depression, anxiety and stress respectively. Patient characteristics
were compared in groups divided by presence of 0, 1, 2 or all 3 mental health concerns.
Results: On the initial office visit, 336/957 (35%) of patients had high levels of at least one of the three mental
health concerns. At both baseline and 12 months, high levels of perceived stress were most often reported
(28.7% and 17.5% respectively), followed by symptoms of depression (14.1% and 8.9%) and then anxiety (8.3%
and 5.7%). Patients with mental health concerns were more often female, younger, had more financial strain,
less social support, and worse perceived health status.
Conclusions: Mental health concerns, particularly stress, are highly prevalent in patients with PAD, especially
upon first presenting with new or worsening symptoms. The role of stress and how it may impede successful PAD
management and impact subsequent outcomes warrants further investigation.

1. Introduction

Peripheral artery disease (PAD) is a highly prevalent condition af-
fecting 8.5 million people in the United States alone [1]. PAD patients
experience debilitating symptoms such as intermittent claudication and
complications that can lead to undesirable outcomes, including ampu-
tation. The pain and complications severely affect patients' functioning
and quality of life [2]. These patients tend to have additional co-morbid
illnesses, such as hypertension and diabetes, and are at increased risk
for myocardial infarction, stroke and death. Besides the high disease
burden and physical limitations, patients may be at increased risk for

mental distress [1,3–4].
The most commonly studied mental health burden in patients with

PAD has been depression [1]. Studies documenting the depressive
burden in PAD, however, differ greatly in their methodological ap-
proach and their estimates of depressive symptoms associated with
PAD. Individuals in the general population who are of the age cohort
typically affected by PAD have a depression prevalence of 5.4% [5].
The few studies documenting the prevalence of depression in PAD pa-
tients have reported a broad range (between 3 and 48%) which is much
higher than in the general population [1]. In addition, the general-
izability of the selected clinical populations and variability in the
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methods used to estimate the prevalence of depressive symptoms have
further complicated estimates of the prevalence of this problem in the
PAD population.

Moreover, the literature addressing other mental health concerns in
this patient population is extremely limited. An isolated study suggests
that the prevalence of anxiety is 29% [4], and exploratory studies have
documented a potential association between stress and adverse health
status in PAD [6]. Thus, despite preliminary evidence of a substantial
mental health burden in patients with PAD, no systematic effort has
been undertaken to document a broad range of mental health concerns
among a cohort of patients seeking specialty vascular care when ex-
periencing active symptoms of PAD. Similarly, there are no insights into
the longitudinal nature of these symptoms among patients being ac-
tively treated for their PAD.

To address these gaps in knowledge, we used the Patient-centered
Outcomes Related to Treatment practices in peripheral Arterial disease:
Investigating Trajectories (PORTRAIT) Registry [7], to (1) document
the prevalence of depression, anxiety, and perceived stress as well as
the degree to which these concerns overlap in patients with PAD around
the time of their diagnostic work-up, (2) examine changes in the pre-
valence of mental health concerns in the year following their diagnosis
and treatment and (3) identify patient factors associated with experi-
encing one or more of these mental health concerns. Understanding the
scope of these concerns is important to achieve successful chronic dis-
ease management that treats the total patient, as opposed to just their
peripheral atherosclerotic disease.

2. Methods

2.1. Study population

PORTRAIT is a multicenter, international prospective registry that
enrolled 1275 patients with new or worsening symptoms of PAD pre-
senting to 16 PAD specialty clinics across the US, Netherlands and
Australia from June 2011 to December 2015. Study details have been
described elsewhere [7]. Briefly, consecutive patients age ≥ 18 pre-
senting with new-onset or recent exacerbation of exertional leg symp-
toms and a resting ankle-brachial index (ABI) of ≤0.90 or a significant
drop in post-exercise ankle pressure of ≥20 mmHg were included.
Patients with non-compressible ankle-brachial indices (ABI ≥ 1.30),
critical limb ischemia, revascularization of the ipsilateral leg with the
symptoms in the 12 months prior to the visit, or inability to provide
informed consent were excluded.

Information regarding patients' socioeconomic, psychosocial, and
health status as well as symptoms and cardiovascular lifestyle factors
were obtained by a standardized interview at the initial visit.
Demographic information, medical history, co-morbidities, and PAD
diagnostic information were abstracted from their medical records.
Follow-up phone interviews gathered information about health and
lifestyle status at 3, 6, and 12 months. All study participants provided
informed consent; as per study protocol, informed consent could be
obtained in writing or over the phone. For the patients included in this
study, 65.7% (n = 629) were consented in writing and 34.3%
(n = 328) over the phone. IRB approval was obtained from all parti-
cipating centers.

2.2. Assessment of mental health concerns

Patients were considered to have high levels of depressive symp-
toms if they had a score of ≥10 on the Patient Health Questionnaire-8
(PHQ-8) [8–9]. This cutoff has both a sensitivity and specificity of 88%
in detecting patients with major depressive disorder and has detected a
similar prevalence of depression in the general population compared
with the diagnostic algorithm in the Diagnostic and Statistical Manual
of Mental Disorders IV [8,9]. The PHQ-8 is a modified version of the
PHQ-9, which has previously been used successfully in PAD patients

[10]. Additionally, prior studies in both the general population and in
patients with coronary artery disease (CAD) have shown that these two
tools have very comparable performance despite the elimination of item
9 inquiring about passive thoughts of death and active thoughts of self-
harm to assess suicide risk [11,12]. The PHQ-8 consists of 8 items on a
Likert scale addressing mood and psychomotor symptoms and asks
patients to recall symptoms over the past two weeks. Scores range from
0 to 24 with higher scores indicative of more severe depressive symp-
toms.

Generalized anxiety was measured by the Generalized Anxiety
Disorder scale-2 (GAD-2). Scoring ≥3 on the GAD-2 indicates high le-
vels of anxiety symptoms with a sensitivity and specificity of 76% and
81%, respectively [13,14]. The screening tool consists of two items
assessing symptoms of anxiety, including nervousness and worrying, on
a three-point Likert scale. Patients recall symptoms over the past two
weeks, and scores range from 0 to 6.

Perceived stress was measured by the Perceived Stress Scale-4 (PSS-
4). The PSS-4 consists of four items scored on a 5-point Likert scale
evaluating a patient's sense of control and confidence in handling
stressful situations over the past month. The measure is reliable and
valid in a variety of settings. Scores range from 0 to 16, but there is no
established cut-off to screen for adverse levels of stress. Instead, pa-
tients' scores are compared to a normative value, and higher scores are
associated with stress exceeding a patient's ability to cope. For example,
Warttig, et al. found the normative score of an English population was
six [15]. A score of ≥6 was also previously used to accurately depict
post-myocardial infarction patients afflicted by moderate/high per-
ceived stress and predicted worse patient outcomes [16]. Thus, in
keeping with prior research, we used a score of ≥6 to describe patients
with stress levels that were higher than the normative data.

2.3. Other measures

The EQ5D is a standardized instrument for assessing generic health
status and has been validated in a wide range of health conditions. It
consists of a descriptive system and a Visual Analog Scale (VAS). The
descriptive system addresses five domains: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. Patients rank their
state of health on a five-point Likert scale ranging from no problems to
extreme problems in respect to each of the five domains. On the VAS,
respondents grade their health status from 0 (worst possible health
status) to 100 (best possible) [17].

The Peripheral Artery Questionnaire (PAQ) is a 20-item ques-
tionnaire developed as a disease-specific measure of health status in
PAD [18]. The items address physical limitation, symptoms, social
function, treatment satisfaction, and quality of life. Patients respond to
each question based on how their symptoms of PAD have limited them
over the past four weeks. Each question is answered on a Likert scale
with lower scores indicating worse quality of life, physical functioning,
and symptoms. Combining the scores for each domain can derive a
summary score. The tool is valid, reliable, and responsive in patients
with PAD [18].

The Enriched Social Support Index (ESSI) is a 7-item self-report tool
used to assess social support, with higher scores indicating greater so-
cial support. It has previously been determined to be reliable and valid
in patients with atherosclerotic disease [19].

2.4. Statistical analysis

We calculated the proportion of patients experiencing high levels of
depressive symptoms, anxiety symptoms, and perceived stress at the
time of their initial presentation for treatment of new-onset or a recent
exacerbation of their PAD. Additionally, the proportion of mean scores
for each screening test in patients experiencing two and three mental
health concerns and mean scores for each screening test were de-
termined. To understand the persistence of these symptoms, we also
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determined the proportion of patients with high levels of each mental
health concern and with one, two, and three mental health concerns a
year after their initial presentation. We examined changes in the pre-
valence of mental health concerns over this period using the Chi square
test to determine statistical significance. We used the McNemar's test to
evaluate change from baseline to 12 months in the proportion of pa-
tients who had mental health concerns.

Baseline patient and disease characteristics were compared among
patients experiencing zero, one, two, or all three mental health con-
cerns at their initial visit and at 12 month later using linear trend tests
for continuous variables and Mantel-Haenszel trend tests for categorical
variables. Patient and disease characteristics associated with higher
scores on the PHQ-8, GAD-2, and PSS-4 were determined for both
baseline and 12-month follow up using linear trend test for continuous
variables and Mantel-Haenszel trend test for categorical variables.

Ordinal regression models were created for baseline and 12 months
to determine the predictors of having zero, one, two or all three mental
health concerns. Age, sex, race, education status, financial strain, ABI
value, bilateral disease, baseline PAQ summary score, ESSI Social
Support Score, and history of CAD, diabetes, stroke, heart failure, and
sleep apnea were included in the models.

As part of patient profiling, we abstracted the proportion of patients
on pharmacologic treatment for depression or anxiety at baseline and
12 months, and the proportion of patients newly referred to counselling
following their baseline visit.

All statistical analyses were performed using SAS version 9.4 soft-
ware (SAS Institute, Inc., Cary, NC). Two-sided p-values less than 0.05
were considered statistically significant.

2.5. Missing data

Only those patients that completed mental health screening both at
baseline and 12 months follow-up were included in the analysis. An
overview of excluded patients and the analytic cohort is presented in
Fig. 1. Our cohort consisted of 957 (75%) of the 1275 enrolled patients.
A total of 318 patients had either missing baseline or 12-month mental

health screening and were excluded from the analysis: 60 were missing
baseline screening and 258 completed the screening assessments for
mental health concerns at baseline but not at 12 months. Overall, pa-
tients excluded from the analysis were more likely to be smokers and
had lower scores on the PAQ compared with those who did; the patient
populations were otherwise similar (see Supplemental Table 1). Among
the patients who completed screening at baseline but not at 12 months,
the percentage screening positive for each mental health concern at
baseline was higher compared with those who completed 12-month
screening (see Supplemental Table 2).

3. Results

Overall, 957 patients completed screening for mental health con-
cerns at baseline and at 12 months. Mean age was 67.6 ± 9.2 years;
63.4% were male. Approximately half of the patients were presenting
with new-onset PAD symptoms (53.3%) and half with an exacerbation
of PAD symptoms (46.7%). Mean ABI was 0.7 ± 0.2 (Supplemental
Table 1).

At baseline, symptoms of anxiety (8.3%) were the least prevalent
mental health concern followed by depressive symptoms (14.1%);
however, around one-third of patients (28.7%) had elevated perceived
stress at presentation. Although the overall levels of mental health
concerns decreased over the course of 12 months, 8.9%, 5.7%, and
17.5% still had high levels of depressive symptoms, anxiety, and per-
ceived stress at 12 months (Table 1).

More than a third (n = 336, 35%) of patients presented to their
initial visit with high levels of at least one of the mental health con-
cerns; 7.6% (n = 73) had two concerns, and there were 4.2% (n = 40)
with all three.

We highlight patient characteristics and co-morbidities that are
clinically and statistically significant as well as consistent with the prior
literature and a basis for possible future intervention. At baseline, pa-
tients with more mental health concerns were younger, female, non-
Caucasian, and from the United States. These patients were more often
presenting with an exacerbation of PAD symptoms and had more
proximal distribution of their claudication pain. They had more fi-
nancial strain, less social support (measured by the ESSI Social Support
Score), worse quality of life (measured by the PAQ), and worse per-
ceived health status (measured by the EQ5D). These patients were also
more likely to suffer from co-morbid CAD, heart failure, and sleep
apnea (Table 2). Baseline patient characteristics for each mental health
concern are found in Supplementary Tables 3, 4, and 5.

At 12 months follow-up, 21.4% of patients had at least one mental
health concern; 4.4% had two concerns and 3.1% had all three (Fig. 2).
Patients with more mental health concerns at 12 months were younger,
non-Caucasian, smokers, had co-morbid CVA or TIA, diabetes, and
CAD, and had a history of depression. They had bilateral disease,
moderate claudication symptoms on the Rutherford scale, and had
higher ABIs. These patients also had more financial strain, less social
support, and worse quality of life and perceived health status (Table 3).
Younger age, more financial strain, less social support, and poorer
quality of life and perceived health status were associated with mental

Fig. 1. Consort diagram describing patients included in this study.

Table 1
Mental health concerns at baseline vs 12 months.

Baseline 12 Months P value

Individual mental health concerns
Depression 135 (14.1%) 85 (8.9%) < 0.001
Anxiety 79 (8.3%) 55 (5.7%) 0.02
Perceived stress 275 (28.7%) 167 (17.5%) < 0.001

By number of mental health concerns
One 223 (23.3%) 133 (13.9%)
Two 73 (7.6%) 42 (4.4%)
Three 40 (4.2%) 30 (3.1%)
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Table 2
Baseline characteristics of the study population according to number of mental health concerns at the initial visit.

Number of mental health concerns at Baseline P-Value

0
n = 621

1
n = 223

2
n = 73

3
n = 40

Demographics
Age 68.6 ± 9.1 67.3 ± 8.9 62.9 ± 8.9 61.7 ± 9.4 < 0.001
Male Gender 414 (66.7%) 135 (60.5%) 43 (58.9%) 15 (37.5%) < 0.001
Caucasian 537 (86.5%) 167 (74.9%) 54 (74.0%) 34 (85.0%) 0.003
Country

(1) USA
(2) Netherlands
(3) Australia

345 (55.6%)
235 (37.8%)
41 (6.6%)

153 (68.6%)
46 (20.6%)
24 (10.8%)

53 (72.6%)
12 (16.4%)
8 (11.0%)

32 (80.0%)
5 (12.5%)
3 (7.5%)

0.003

Smoke status
(1) Never
(2) Former
(3) Current

55 (8.9%)
352 (56.8%)
213 (34.4%)

32 (14.3%)
115 (51.6%)
76 (34.1%)

8 (11.0%)
29 (39.7%)
36 (49.3%)

2 (5.0%)
20 (50.0%)
18 (45.0%)

0.16

Insured 618 (99.5%) 223 (100%) 71 (97.3%) 39 (97.5%) 0.046
Work for pay 58 (36.9%) 21 (40.4%) 11 (68.8%) 3 (33.3%) 0.18
Finances at end of month

(1) Some money leftover
(2) Just enough to make ends meet
(3) Not enough to make ends meet

384 (63.5%)
190 (31.4%)
31 (5.1%)

102 (47.0%)
78 (35.9%)
37 (17.1%)

23 (32.9%)
36 (51.4%)
11 (15.7%)

11 (29.7%)
17 (45.9%)
9 (24.3%)

< 0.001

PAD characteristics
Complaint

(1) New-onset
(2) Exacerbation

360 (58.0%)
261 (42.0%)

88 (39.5%)
135 (60.5%)

40 (54.8%)
33 (45.2%)

22 (55.0%)
18 (45.0%)

0.033

Duration of pain
(1) < 1 Month
(2) 1–6 Months
(3) 7–12 Months
(4) > 12 Months

16 (3.0%)
169 (32.1%)
87 (16.5%)
254 (48.3%)

4 (2.1%)
53 (27.5%)
28 (14.5%)
108 (56.0%)

0 (0.0%)
16 (25.4%)
17 (27.0%)
30 (47.6%)

1 (2.8%)
7 (19.4%)
11 (30.6%)
17 (47.2%)

0.11

Symptomatic leg
(1) Right leg
(2) Left leg
(3) Both legs

151 (24.3%)
173 (27.9%)
297 (47.8%)

59 (26.5%)
42 (18.8%)
122 (54.7%)

17 (23.3%)
18 (24.7%)
38 (52.1%)

12 (30.0%)
8 (20.0%)
20 (50.0%)

0.72

Claudication 618 (99.5%) 223 (100.0%) 73 (100.0%) 39 (97.5%) 0.55
Location of highest claudication

(1) Buttock
(2) Hip
(3) Thigh
(4) Calf
(5) Foot
(6) Other

99 (16.0%)
61 (9.9%)
85 (13.8%)
317 (51.3%)
9 (1.5%)
47 (7.6%)

40 (17.9%)
13 (5.8%)
34 (15.2%)
126 (56.5%)
4 (1.8%)
6 (2.7%)

13 (17.8%)
8 (11.0%)
12 (16.4%)
34 (46.6%)
1 (1.4%)
5 (6.8%)

11 (28.2%)
5 (12.8%)
7 (17.9%)
15 (38.5%)
1 (2.6%)
0 (0.0%)

0.015

Rutherford category
(1) Mild claudication
(2) Moderate claudication
(3) Severe claudication

157 (25.6%)
313 (51.1%)
143 (23.3%)

43 (19.4%)
103 (46.4%)
76 (34.2%)

16 (21.9%)
30 (41.1%)
27 (37.0%)

3 (7.9%)
21 (55.3%)
14 (36.8%)

< 0.001

Lesion Site
(1) Proximal
(2) Distal
(3) Both

176 (28.5%)
177 (28.6%)
265 (42.9%)

57 (25.8%)
76 (34.4%)
88 (39.8%)

20 (27.4%)
19 (26.0%)
34 (46.6%)

11 (28.2%)
10 (25.6%)
18 (46.2%)

0.69

ABI 0.67 ± 0.18 0.64 ± 0.19 0.67 ± 0.20 0.73 ± 0.21 0.030

Co-morbidities
Hypertension 485 (78.1%) 194 (87.0%) 63 (86.3%) 30 (75.0%) 0.12
Dyslipidemia 478 (77.0%) 184 (82.5%) 60 (82.2%) 32 (80.0%) 0.15
Diabetes 191 (30.8%) 76 (34.1%) 31 (42.5%) 14 (35.0%) 0.08
TIA/CVA 63 (10.1%) 35 (15.7%) 8 (11.0%) 4 (10.0%) 0.39
CAD 268 (43.2%) 101 (45.3%) 34 (46.6%) 26 (65.0%) 0.025
Congestive heart failure 51 (8.2%) 25 (11.2%) 10 (13.7%) 6 (15.0%) 0.030
Chronic kidney disease 62 (10.0%) 25 (11.2%) 8 (11.0%) 6 (15.0%) 0.34
Chronic lung disease 99 (15.9%) 33 (14.8%) 15 (20.5%) 8 (20.0%) 0.40
Sleep apnea 40 (6.4%) 23 (10.3%) 9 (12.3%) 4 (10.0%) 0.036
Osteoarthritis (hip or knee) 57 (9.2%) 14 (6.3%) 9 (12.3%) 4 (10.0%) 0.88
Chronic back pain 83 (13.4%) 35 (15.7%) 14 (19.2%) 6 (15.0%) 0.23
History of depression 19 (3.1%) 9 (4.0%) 5 (6.8%) 1 (2.5%) 0.32

Health Status
EQ5D: Score your health today (BL) 70.6 ± 16.9 63.6 ± 18.6 50.8 ± 20.4 53.8 ± 22.1 < 0.001
EQ5D: Score your health today (12 M) 74.7 ± 36.4 68.3 ± 19.4 57.8 ± 17.7 58.2 ± 19.9 < 0.001
ESSI Social Support Score (BL) 23.1 ± 3.5 21.1 ± 5.0 19.9 ± 5.9 18.5 ± 6.9 < 0.001
PAQ: Quality of life (BL) 58.3 ± 23.2 45.2 ± 26.2 28.4 ± 18.5 20.2 ± 16.7 < 0.001
PAQ: Quality of life (12 M) 77.3 ± 24.6 66.9 ± 28.5 53.8 ± 31.0 50.2 ± 26.9 < 0.001
PAQ: Summary (BL) 55.2 ± 19.3 46.2 ± 21.5 29.9 ± 18.9 23.9 ± 15.9 < 0.001
PAQ: Summary (12 M) 75.1 ± 23.0 66.2 ± 26.4 53.3 ± 28.1 49.5 ± 25.9 < 0.001
PAQ: Physical limitation (BL) 43.2 ± 26.3 34.9 ± 25.0 23.0 ± 24.5 22.3 ± 18.0 < 0.001

(continued on next page)
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health concerns at both baseline and 12-month follow-up. For patient
characteristics at 12 months associated with each individual mental
health concern see Supplementary Tables 6, 7, and 8.

Based on the ordinal regression models, younger patients, patients
presenting with an exacerbation of PAD symptoms, and those with
worse disease-specific health status, less social support, and more fi-
nancial strain had an increased odds of having more mental health
concerns at baseline. Similar results were found at 12-months except
that the initial presenting complaint (new onset PAD vs exacerbation)
was no longer significant (Supplemental Tables 9 and 10).

Although the overall proportion of patients with each mental health
concern decreased, a large proportion of patients with mental health
concerns at 12 months were screening positive for the first time: 42.3%
for depression (36/85), 67.3% for anxiety (37/55), and 46.7% for
perceived stress (78/167; Supplemental Tables 11, 12, and 13).

Prior to the baseline visit, of the patients with at least one mental
health concern, only 18.1% were on an antidepressant including a se-
lective serotonin reuptake inhibitor or a selective norepinephrine re-
uptake inhibitor and 5.4% were on an anxiolytic including a benzo-
diazepine or non-benzodiazepine anxiolytic such as buspirone or
hydroxyzine (Supplemental Table 14). Following a visit in which they
screened positive for at least one mental health concern, there was little
if any change in the proportion of patients on these medications (18.6%
for antidepressants and 4.9% for anxiolytics). Details on the specific
classes of medications used are found in Supplemental Table 15.
Additionally, referral to counselling after the baseline visit was low:
8.9% (n = 12) of patients with depressive symptoms, 8.9% (n = 7) of
patients with anxiety, and 7.6% (n = 21) of patients with high stress.

4. Discussion

While there is certainly a need to aggressively treat the athero-
sclerotic process among patients with new-onset or recent exacerba-
tions of their PAD, it is also important to recognize that these patients
may be suffering from significant mental health concerns associated
with the chronic debilitating nature of the disease. In this prospective,
multi-center, international cohort study, we found that a third of pa-
tients presenting with new or worsening symptoms of PAD also had
significant mental health concerns at the time of their baseline pre-
sentation. While the majority of these patients were struggling with
perceived stress, the rates of depressive symptoms were higher in our
patient population than in the general population and similar to those
reported in patients with coronary artery disease [1,5]. Additionally,
the observed prevalence of anxiety symptoms in our patient population
was at the higher end of the reported prevalence rates for the general
population [20]. Although the burden of mental health concerns de-
creased at 12 months, there were still a significant number of patients
burdened by mental health concerns, including around half of patients
with new mental health concerns at this time.

To our knowledge, this is the first report that has documented the
prevalence of increased stress levels in this patient population, and only
the second reporting the prevalence of anxiety. In contrast, the

prevalence of depression in PAD patients is more commonly reported
but varies greatly (3–48%) [1]. The wide range of documented pre-
valence likely has to do with the variability in tools used to measure
depression as well as the subset of patients with PAD studied. Other
studies have limited generalizability due to the patient populations
selected—single centers, patients with self-reported history of PAD, or
patients with a history of CAD or type 2 diabetes or elderly patients.
Our prevalence for depressive symptoms is derived from a multicenter,
international registry of PAD patients regardless of age or co-morbid-
ities which represents a larger subset of the PAD population.

Our findings extend prior literature in important ways. First, we
found that these mental health concerns have a dynamic course with
around half of patients screening positive for a new mental health
concern at 12 months. Therefore, in addition to screening at baseline,
providers need to have continued appreciation of these issues and
screen for them on a routine basis as lack of mental health symptoms at
baseline does not mean the patient is not at risk of developing a mental
health concern subsequently. This is particularly important in patients
who have a history of depression as they were more likely to develop
mental health concerns at follow up. Additionally, many patients had
resolution of their mental health concerns; whether this coincides with
their clinical course of PAD and treatment of their PAD is an area of
future study. Secondly, despite having a positive screen for a mental
health concern, relatively low rates of referral for counselling were
noted. Further, there were low rates of prescription for pharmacologic
therapy for patients with a positive screen. These findings are consistent
with prior findings of low recognition and treatment of mental health
concerns in cardiovascular disease and suggests that further action is
required.

The high prevalence of perceived stress in patients with PAD is
important to acknowledge as smoking cessation, lifestyle changes, and
medication adherence are important for treatment of PAD but are dif-
ficult to achieve in patients struggling with high levels of stress
[21–24]. In a study of 7066 healthy Danish people, those with high
stress levels were less likely to quit smoking and more likely to become
physically inactive [24]. Additionally, those with high stress were less
likely to be financially secure at the end of the month, which may in-
terfere with their ability to pay for treatments and medications not
covered by insurance. Our study also underscores that even without a
formal diagnosis of a mental health disorder, patients with PAD seem to
experience high stress levels that may impact their disease manage-
ment.

While there has not been any literature documenting the prevalence
of perceived stress in a patient population with PAD, prior research has
shown that chronic stress contributes to development and progression
of cardiovascular disease and cardiovascular death [25–27]. Ad-
ditionally, post-myocardial infarction patients with moderate-high
perceived stress (PSS-4 ≥ 6) had worse health status at one year and
higher 2-year mortality [16]. These studies, in addition to our findings,
underscore the importance of documenting the high prevalence of
perceived stress in the PAD population.

In addition to the high prevalence of stress, both the prevalence of

Table 2 (continued)

Number of mental health concerns at Baseline P-Value

0
n = 621

1
n = 223

2
n = 73

3
n = 40

PAQ: Physical limitation (12 M) 72.7 ± 29.0 64.9 ± 32.5 63.5 ± 32.5 44.8 ± 31.6 < 0.001
PAQ: Symptoms (BL) 48.2 ± 21.2 42.8 ± 23.5 28.3 ± 21.6 25.6 ± 20.3 < 0.001
PAQ: Symptoms (12 M) 66.9 ± 28.5 58.5 ± 29.9 44.2 ± 29.7 42.6 ± 29.2 < 0.001
PAQ: Social limitation (BL) 70.7 ± 25.9 59.5 ± 30.7 38.8 ± 30.7 29.4 ± 23.9 < 0.001
PAQ: Social limitation (12 M) 86.5 ± 21.7 80.1 ± 26.2 68.4 ± 30.5 65.2 ± 31.4 < 0.001

ABI = ankle brachial index, TIA = transient ischemic attack, CVA = cerebral vascular accident, CAD = coronary artery disease, ESSI = Enriched Social Support
Index, PAQ = Peripheral Artery Questionnaire, BL = baseline, 12 M = 12 months.
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Table 3
Characteristics of the study population according to number of mental health concerns at 12 months of follow up.

Number of mental health concerns at 12 months P-Value

0
n = 752

1
n = 133

2
n = 42

3
n = 30

Demographics
Age 68.2 ± 8.8 67.0 ± 10.3 63.9 ± 10.0 59.9 ± 8.0 < 0.001
Male Gender 486 (64.6%) 80 (60.2%) 23 (54.8%) 18 (60.0%) 0.16
Race: White/Caucasian 639 (85.0%) 103 (77.4%) 30 (71.4%) 20 (66.7%) < 0.001
Country

(1) USA
(2) Netherlands
(3) Australia

448 (59.6%)
262 (34.8%)
42 (5.6%)

80 (60.2%)
27 (20.3%)
26 (19.5%)

29 (69.0%)
7 (16.7%)
6 (14.3%)

26 (86.7%)
2 (6.7%)
2 (6.7%)

0.50

Smoke status
(1) Never
(2) Former
(3) Current

79 (10.5%)
425 (56.6%)
247 (32.9%)

14 (10.5%)
62 (46.6%)
57 (42.9%)

3 (7.1%)
18 (42.9%)
21 (50.0%)

1 (3.3%)
11 (36.7%)
18 (60.0%)

< 0.001

Insured 748 (99.5%) 132 (99.2%) 42 (100%) 29 (96.7%) 0.23
Work for pay 72 (38.1%) 15 (48.4%) 3 (33.3%) 3 (60.0%) 0.34
Finances at end of month

(1) Some money leftover
(2) Just enough to make ends meet
(3) Not enough to make ends meet

441 (60.4%)
236 (32.3%)
53 (7.3%)

60 (46.9%)
51 (39.8%)
17 (13.3%)

13 (31.7%)
22 (53.7%)
6 (14.6%)

6 (20.0%)
12 (40.0%)
12 (40.0%)

< 0.001

PAD Characteristics
Complaint

(1) New-onset
(2) Exacerbation

404 (53.7%)
348 (46.3%)

68 (51.1%)
65 (48.9%)

22 (52.4%)
20 (47.6%)

16 (53.3%)
14 (46.7%)

0.74

Duration of pain
(1) < 1 Month
(2) 1–6 Months
(3) 7–12 Months
(4) > 12 Months

19 (3.0%)
192 (30.0%)
110 (17.2%)
318 (49.8%)

1 (0.9%)
37 (32.2%)
18 (15.7%)
59 (51.3%)

0 (0.0%)
9 (24.3%)
10 (27.0%)
18 (48.6%)

1 (3.7%)
7 (25.9%)
5 (18.5%)
14 (51.9%)

0.51

Symptomatic leg
(1) Right leg
(2) Left leg
(3) Both legs

193 (25.7%)
196 (26.1%)
363 (48.3%)

33 (24.8%)
30 (22.6%)
70 (52.6%)

5 (11.9%)
13 (31.0%)
24 (57.1%)

8 (26.7%)
2 (6.7%)
20 (66.7%)

0.05

Claudication 748 (99.5%) 133 (100.0%) 42 (100.0%) 30 (100.0%) 0.36
Location of highest claudication

(1) Buttock
(2) Hip
(3) Thigh
(4) Calf
(5) Foot
(6) Other

124 (16.6%)
71 (9.5%)
99 (13.2%)
391 (52.3%)
10 (1.3%)
53 (7.1%)

20 (15.0%)
15 (11.3%)
28 (21.1%)
62 (46.6%)
3 (2.3%)
5 (3.8%)

13 (31.0%)
1 (2.4%)
7 (16.7%)
19 (45.2%)
2 (4.8%)
0 (0.0%)

6 (20.0%)
0 (0.0%)
4 (13.3%)
20 (66.7%)
0 (0.0%)
0 (0.0%)

0.11

Rutherford category
(1) Mild claudication
(2) Moderate claudication
(3) Severe claudication

181 (24.4%)
365 (49.3%)
195 (26.3%)

27 (20.3%)
66 (49.6%)
40 (30.1%)

6 (14.3%)
20 (47.6%)
16 (38.1%)

5 (16.7%)
16 (53.3%)
9 (30.0%)

0.039

Lesion Site
(1) Proximal
(2) Distal
(3) Both

210 (28.1%)
215 (28.8%)
322 (43.1%)

37 (28.0%)
41 (31.1%)
54 (40.9%)

14 (33.3%)
14 (33.3%)
14 (33.3%)

3 (10.0%)
12 (40.0%)
15 (50.0%)

0.67

ABI 0.67 ± 0.19 0.64 ± 0.20 0.67 ± 0.18 0.73 ± 0.17 0.07

Co-morbidities
Hypertension 603 (80.2%) 110 (82.7%) 34 (81.0%) 25 (83.3%) 0.53
Dyslipidemia 589 (78.3%) 103 (77.4%) 36 (85.7%) 26 (86.7%) 0.21
Diabetes 236 (31.4%) 46 (34.6%) 18 (42.9%) 12 (40.0%) 0.08
TIA/CVA 74 (9.8%) 24 (18.0%) 8 (19.0%) 4 (13.3%) 0.015
History of CAD 327 (43.5%) 59 (44.4%) 26 (61.9%) 17 (56.7%) 0.024
Congestive heart failure 66 (8.8%) 18 (13.5%) 7 (16.7%) 1 (3.3%) 0.39
Chronic kidney disease 75 (10.0%) 18 (13.5%) 6 (14.3%) 2 (6.7%) 0.59
Chronic lung disease 117 (15.6%) 23 (17.3%) 5 (11.9%) 10 (33.3%) 0.10
Sleep apnea 56 (7.4%) 12 (9.0%) 5 (11.9%) 3 (10.0%) 0.26
Osteoarthritis (hip or knee) 63 (8.4%) 15 (11.3%) 5 (11.9%) 1 (3.3%) 0.86
Chronic back pain 105 (14.0%) 21 (15.8%) 9 (21.4%) 3 (10.0%) 0.63
History of depression 22 (2.9%) 7 (5.3%) 3 (7.1%) 2 (6.7%) 0.044

Health status
EQ5D: Score your health today (BL) 68.2 ± 18.4 65.2 ± 18.7 58.1 ± 15.2 48.8 ± 22.5 < 0.001
EQ5D: Score your health today (12 M) 73.2 ± 16.4 68.5 ± 74.0 55.3 ± 18.7 53.5 ± 18.2 < 0.001
ESSI Social Support Score (BL) 22.7 ± 3.9 21.0 ± 5.2 18.4 ± 6.8 19.2 ± 6.2 < 0.001
PAQ: Quality of life (BL) 55.2 ± 24.5 42.5 ± 25.0 28.8 ± 24.0 25.8 ± 24.1 < 0.001
PAQ: Quality of life (12 M) 77.5 ± 23.8 58.4 ± 28.9 41.8 ± 28.8 34.5 ± 28.1 < 0.001
PAQ: Summary (BL) 53.3 ± 20.5 41.5 ± 21.2 30.3 ± 18.8 28.8 ± 18.8 < 0.001
PAQ: Summary (12 M) 75.3 ± 22.3 58.9 ± 26.4 42.3 ± 25.7 33.3 ± 25.7 < 0.001
PAQ: Physical limitation (BL) 42.3 ± 26.6 29.9 ± 22.9 21.7 ± 20.1 19.0 ± 17.0 < 0.001

(continued on next page)
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depression and generalized anxiety in this patient population were
higher as compared with those without PAD [5,20]. Studies in-
vestigating outcomes in PAD patients with co-morbid depression re-
vealed worse functional status, increased risk of revascularization
failure, and increased mortality compared to PAD patients without
depression [28–33]. The literature on the prevalence and outcomes of
PAD patients with co-morbid anxiety is lacking; however, co-morbid
anxiety in patients' post-myocardial infarction has been associated with
worse quality of life [34–35].

Patients most vulnerable to be dealing with these mental health
concerns were younger, female, under more financial strain and were
less likely to have social support. Similar associations have been
documented in both PAD populations with depression as well as in
populations with CAD with depression and with higher levels of per-
ceived stress [1,16,36]. Additionally, at initial presentation, patients
with an exacerbation of PAD symptoms had higher odds of having a co-
morbid mental health concern, while at the 12-month follow up, those
with a history of depression were more likely to have mental health
concerns. This suggests to providers who could benefit most from
screening for these mental health concerns.

The significant burden of mental health concerns in the PAD po-
pulation suggests an area for improvement in caring for these patients.
Several small studies have already investigated such interventions. Two
studies have shown that interventions, a 12-week rehabilitation pro-
gram and a cognitive-behavioral self-help program, improved mental
health concerns in PAD patients [37,38]. Although these studies
showed improvement in mental health concerns, they were not de-
signed to demonstrate whether this in turn resulted in improving the
outcomes of the patients with these co-morbid conditions. In contrast, a
study from Sweden which specifically aimed at mechanisms to ame-
liorate stress in women with CAD, patients in the treatment group had
reduced mortality compared to patients who received usual care [39].

5. Limitations

Our findings should be interpreted in the context of several poten-
tial limitations. The PHQ-8, GAD-2, and PSS-4 are screening tests and
are not designed to establish a clinical diagnosis. Additionally, these
screening tests rely on self-reported measures and patient recall of
symptoms over the past two weeks or month; however, our results are
consistent with other studies that used patient-reported measures and
primary care physician diagnosis to determine prevalence [1]. The PHQ
was also recommended by the AHA as one of the screening tests to be
used to identify an increased risk of depression in patients with CAD
[40]. The PSS-4 does not have an established cutoff; the developers of
the tool recommend using a cutoff based on the study population. We
used a score of ≥6 as this has been utilized in patients with non-PAD
atherosclerotic disease when describing patients with moderate-high
stress. While the PORTRAIT registry includes a broad distribution of
outpatient practices in the U.S., the Netherlands, and Australia, it may
not be generalizable to all practice settings and only includes patients
that signed informed consent and exhibited the ability to complete

multiple surveys over time. Additionally, the registry enrolled patients
presenting with new or worsening symptoms, and therefore, our results
are not generalizable to those with a stable disease state. Additionally,
while information on baseline medications was collected in the registry,
we are unable to say the reason the medication was prescribed, which is
important to note as antidepressants and anxiolytics can be prescribed
for reasons other than depression and anxiety, respectively. Lastly,
while we were able to describe patient characteristics and co-morbid-
ities associated with the presence of mental health concerns, we were
unable to describe characteristics that differentiated patients with 0, 1,
2, or 3 mental health concerns because the sample sizes for four groups
vary and as the comparator groups (number of comorbid conditions)
represent a scale variable, not nominal, the unavoidable interpretation
of such analyses would be a “tipping point” inference. As such we did
not feel that comparing patients by 0 vs 1, 1 vs 2, etc. mental health
concerns would provide further valuable information than did the test
of trends in Tables 2 and 3.

6. Conclusion

Mental health concerns, in particular perceived stress, are highly
prevalent in patients with PAD, especially upon first presenting with
new or worsening symptoms. Given prior work done in cardiac popu-
lations, we know that heightened levels of stress may complicate suc-
cessful disease management and may predispose patients to adverse
cardiovascular outcomes. Whether these associations extend to the PAD
population warrants further investigation. Regardless, greater aware-
ness of the significant mental health burdens experienced by this at-risk
population is needed to successfully provide holistic management.
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Table 3 (continued)

Number of mental health concerns at 12 months P-Value

0
n = 752

1
n = 133

2
n = 42

3
n = 30
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