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Abstract
Background—Treadmill walking is commonly used to evaluate walking impairment and
efficacy of treatment for intermittent claudication (IC) in clinical and research settings. Although
this is an important measure, it does not provide information about how patients perceive the
effects of their treatments on more global measures of health-related quality of life (HRQOL).

Methods—PubMed/Medline was searched to find publications about the most commonly used
questionnaires to assess functional status and/or general and disease-specific HRQOL in patients
with PAD who experience IC. Inclusion criteria for questionnaires were based on existence of a
body of literature in symptomatic PAD.

Results—Six general questionnaires and 7 disease-specific questionnaires are included with
details about the number of domains covered and how each tool is scored. The Medical Outcomes
Study Short Form 36 item questionnaire and Walking Impairment Questionnaire are currently the
most used general and disease-specific questionnaires at baseline and following treatment for IC,
respectively.

Conclusions—The use of tools which assess functional status and HRQOL has importance in
both the clinical and research areas to assess treatment efficacy from the patient perspective.
Therefore, assessing HRQOL in addition to treadmill-measured walking ability provides insight as
to effects of treatments on patient outcomes and may help guide therapy.
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BACKGROUND
Peripheral artery disease (PAD) results from atherosclerotic plaque in the major arteries of
the lower extremities, causing decreased blood flow in the legs during exertion.
Symptomatic PAD patients experience intermittent claudication (IC), which is characterized
by cramping, fatigue and/or aching in the calves, thighs or buttocks typically brought on by
walking and relieved by rest and which also causes impairments in quality of life.1 Because
of claudication pain, individuals with PAD often avoid physical activity, especially
ambulation, thus leading to additional declines in functional status and health-related quality
of life (HRQOL) (defined as the patient’s perceived physical, emotional and social well-
being and function).2–4 PAD patients with IC may be limited in performing certain activities
of daily living and may also feel that they are a burden to themselves as well as their
family.5 It is important to assess how an individual perceives their own health as this
information may be useful for determining appropriate treatment strategy and subsequently
providing positive outcomes.6 This review describes the impairments of functional status
and HRQOL experienced by symptomatic PAD patients, as assessed by both general and
PAD-specific questionnaires. The effects of PAD treatment (e.g., supervised and
unsupervised exercise, endovascular therapy, open-surgery procedures, medications) on
functional status and HRQOL for patients with IC and the potential usage and relevance of
these instruments in clinical and/or research settings is also discussed.

EPIDEMIOLOGY OF SYMPTOMATIC PAD
It has been estimated that 8 to 12 million adults have PAD in the U.S. and that
approximately one-third experience IC.7–8 According to the Trans-Atlantic Societal
Consensus II international guidelines, the prevalence of symptomatic PAD is approximately
2–7% in patients aged 50 to 70 years.1 In addition to the high prevalence of IC, all persons
with PAD have a significantly increased risk of cardiovascular morbidity and mortality.9–10

OBJECTIVE MEASURES OF FUNCTIONAL STATUS IN CLAUDICATION
Treadmill testing is an established means to objectively determine walking ability in PAD
patients and is highly predictive of long-term morbidity and mortality outcomes.11–12

Typically, time and/or distance to onset of claudication and maximal time and/or distance
walked until test termination due to leg pain are considered gold standard endpoints by
which to assess walking ability for patients with IC. Other validated, objective physical
measurements of functional status include the 6-minute walk test and the Short Physical
Performance Battery.13–14 These functional performance measures are more strongly
associated with physical activity levels during daily life than treadmill walking and both are
valid and reliable in objectively assessing physical function for patients with IC.15–17

However, none of these tests address a patient’s perception of their walking ability or
HRQOL. In addition, other important elements of health status such as mental health,
emotional well-being and social functioning can be assessed only by questionnaires.

FUNCTIONAL STATUS/HRQOL QUESTIONNAIRES FOR SYMPTOMATIC
PAD

Functional status can be defined ”…as the level of activities performed by an individual to
realize needs of daily living in many aspects of life including physical, psychological, social,
spiritual, intellectual, and roles.”18 HRQOL can be defined as an individual’s multi-faceted
perception of their overall health and well-being, including the impact of illness, treatment
and other aspects of their daily life.19–20 Questionnaire utilization has been a part of research
studies seeking to evaluate functional status and HRQOL in cross-sectional evaluation or at
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baseline and after treatment for claudication. However, assessment of functional status and
HRQOL in clinical settings using valid and reliable questionnaires is important in that
appropriate questionnaires can assist healthcare providers in determining the level of
impairment and selecting appropriate care for patients with IC. Questionnaires are often
compared to objective measures such as treadmill walking in order to establish validity.
There is also practical value for using questionnaires from a clinical standpoint, in that
treadmill tests are more expensive than questionnaires. Typically, two types of
questionnaires are employed in patients with IC. Functional status questionnaires focus
primarily on the ability to carry out physical activities and self-reported walking ability.21

Domains such as life satisfaction, morale and happiness are assessed by broader quality of
life questionnaires that address overall well-being and function stemming from emotional
and social aspects of life.22 These types of questionnaires can be further divided into two
main categories: general and disease-specific. General assessment tools are applicable to a
wide range of patient populations, in contrast to disease-specific questionnaires. Tables 1
and 2 summarize the originating and/or validation studies for general and disease-specific
questionnaires for PAD used in assessing functional status and HRQOL in symptomatic
PAD patients.

General questionnaires
An important aspect of general health questionnaires is that comparative analyses can be
performed in patient populations across disease states, thus providing the ability to describe
the relative severity and impact of the disease in question. A number of general health
questionnaires have been used to assess functional status and HRQOL for PAD patients with
IC. Table 3 describes functional status and/or HRQOL following exercise training for
patients with IC. Table 4 summarizes the HRQOL outcomes following vascular procedures
for the other tools described in this review. Table 5 describes the impact of pharmacological
therapies on quality of life assessed by questionnaires for patients with IC.

Short Form 36-item questionnaire (SF-36)—The Medical Outcomes Study (MOS)
Short Form questionnaires were constructed in part to provide practical tools for routine
monitoring of patient outcomes in medical practice as well as for research.23 The SF-36
provides a brief yet comprehensive assessment of HRQOL.6 Eight domains (physical, role
and social functioning, mental health, patient health perceptions, vitality, bodily pain,
change in health) are measured. The SF-36, for which each individual domain is transformed
to a score of 0 to 100 with 100 being the best possible score (results can also be separated
into physical and mental component summary scores), has been extensively validated for
assessing HRQOL in symptomatic PAD patients. It is one of the most commonly used
general health questionnaires for this purpose in addition to its broad use across many
disease states.24 PAD patients with IC report lower scores in physical functioning, physical
limitations and bodily pain when compared to healthy controls and the general
population.25–26 The MOS questionnaires have been used extensively to assess the results of
bypass surgery, endovascular procedures, supervised exercise rehabilitation and
pharmacologic treatment. Recently, Mazari et al27 examined the HRQOL of symptomatic
PAD patients using the SF-36 before and 12 weeks after endovascular therapy, supervised
exercise and a combination of the two groups. Endovascular therapy and exercise training
each independently resulted in improvements in the domains of physical functioning and
physical role limitations. However, the combined interventions demonstrated the greatest
impact on perceived quality of life, as 6 of the 8 total domains of the SF-36 significantly
improved. There have been a number of studies comparing HRQOL across the different
treatment options. Table 6 depicts a summary of the functional status and/or HRQOL
questionnaires nested within individual studies following multiple interventions. Briefly, the
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most effective interventions for improving patient’s quality of life included combinations of
treatments.

Short Form 12-item questionnaire (SF-12)—The SF-12 extracts select items from all
8 domains of the SF-36 and includes the same physical and mental component summary
scores.28 It was designed to be a simpler version of the SF-36, scored in the same way as the
SF-36. Using the SF-12, Smolderen et al29 assessed baseline HRQOL of symptomatic PAD
patients compared to chronic heart failure patients. Results indicated that the physical
domains were affected to a greater extent in PAD patients, whereas the mental domains were
significantly worse in chronic heart failure patients. Safley et al30 established that the
physical component summary scores improved following endovascular therapy in a cohort
of mostly PAD patients with claudication and a small number of patients with critical limb
ischemia (CLI), similar to studies using other versions of the MOS Short Form. More
research is needed to determine the impact of other treatment methods on SF-12 scores for
symptomatic PAD patients. However, because it is a relatively short questionnaire compared
to other general health questionnaires, it may be practical for use in clinical settings.

European Quality of Life questionnaire (EuroQOL)—The EuroQOL is a combined
functional status and HRQOL instrument that assesses 5 domains including mobility, self-
care, usual activities, pain/discomfort and anxiety/depression.31–32 The questionnaire
administrator scores the EuroQOL by applying a single summary index from 0 to 1, with 0
representing the worst health state and 1 representing perfect health. A second, separate part
of the EuroQOL is the visual analogue scale (VAS), which asks patients to draw a line on a
0 to 100 “thermometer” scale, rating their health from worst imaginable health to best
imaginable health (transformed to the summary index of 0 to 1 as well). The EuroQOL has
been used to examine the effects of endovascular therapy for PAD patients. Generally,
endovascular therapy improved many of the domains included in the questionnaire.30,33–38

Several studies have also compared treatments, including supervised exercise, endovascular
therapy and optimal medical therapy.39–41 Spronk et al41 found that endovascular therapy
and supervised exercise training both resulted in improved EuroQOL scores 6 and 12
months after treatment. There were no differences between the treatment groups, suggesting
that supervised exercise and endovascular therapy have similar value for improving HRQOL
for up to 1 year. The EuroQOL is a brief, easy to use questionnaire which may have
practical value for use in clinical settings.

Nottingham Health Profile (NHP)—The NHP evaluates both functional status and
HRQOL and has been used for patients with IC, primarily in European studies.22,42–43 The
NHP contains two sections: Section I is composed of 38 yes/no response items and 6
domains that include: sleep, energy, emotional reactions, social isolation, physical mobility
and pain. Section II examines patient difficulties with daily activities via 7 general yes/no
questions. These include the areas of employment, housework, family relationships, social
and sex life and hobbies and holidays. Higher scores indicate greater health problems, on a
scale of 0 to 100. Studies have examined HRQOL using the NHP for claudicants compared
to controls or CLI patients.44–46 Khaira et al46 demonstrated that symptomatic PAD patients
have greater impairments in the NHP domains of energy, pain, emotional reactions, sleep
and physical mobility compared with age and sex-matched controls. Klevsgard et al44

determined that the areas of pain, sleep and physical mobility are significantly better for
PAD patients with IC when compared to CLI patients, with no differences in energy,
emotional reaction or social isolation. Other studies have yielded mixed results when
examining the change in HRQOL following vascular intervention for IC.47–55 Koivunen and
Lukkarinen47 determined that revascularization improved the domains of emotional
reactions, energy and social isolation. Additionally, lower extremity bypass surgery also
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improved pain, physical mobility and sleep 1 year after the intervention.47 However,
recently it was found that quality of life returned to pre-surgery levels in the domains of pain
and physical mobility at 1 year follow-up.48 These findings suggest that, although
endovascular therapy improves HRQOL acutely, long-term outcomes may not be as durable.
The NHP is comprehensive and has been examined extensively in research settings. This
questionnaire may be practical for use in clinical settings because it takes only 5–10 minutes
to complete.53,55

World Health Organization Quality of Life (WHOQOL) assessment instrument
100—The WHOQOL-100 was designed for cross-cultural applicability and thus was
developed in several different languages.56–60 The instrument is composed of 6 domains
including physical health, psychological, level of independence, social relations,
environment and spirituality/religion/personal beliefs, incorporating 24 quality of life
“facets” and 100 total items. Responses are determined from 5-point Likert scales (e.g., very
dissatisfied = 1; very satisfied = 5). Using a reduced version of the WHOQOL-100 (17
facets), Breek and colleagues60 established that patients with IC had lower scores in the
domains of physical health and level of independence as well as many facets compared to
healthy controls. In one of the few studies to use the WHOQOL-100 to evaluate an
intervention (i.e., angioplasty, bypass surgery, endarterectomy, amputation) for patients with
IC, there were improvements in physical health and level of independence.61 While the
WHOQOL-100 is well established in other disease states, more studies are warranted to
determine the impact of treatment on HRQOL for IC. The original questionnaire is probably
too long to be practical for clinical use but the reduced version may have value for use in the
clinical setting.57

McMaster Health Index Questionnaire (MHIQ)—The MHIQ is composed of 59
health-related items covering physical, social and emotional dimensions. The physical
function domain consists of 24-items including physical activities, mobility and self-care
activities. There are a total of 25 social function items that assess general welfare, family
and friend’s support/participation and global social function. The 25 emotional function
items include self-esteem, feelings about personal relationships, thoughts about the future,
critical life events and global emotional function. Because some of the items address both
social and emotional function within the same question, the consolidated number of items is
59. For each of the 3 dimensions, scores are based on index values of 0 to 1 with lower
scores indicating worse function. Compared to other general questionnaires, few studies
have used the MHIQ to assess HRQOL in patients with IC.62–63 However, findings indicate
impairments in general health and physical, social and emotional function when compared to
age-matched controls.63 Following 24 weeks of pharmacologic therapy, Brevetti et al64

found that patients randomized to receive propionyl-L-carnitine improved physical and
emotional function and the global scores compared with the group receiving a placebo.
There may be use for this questionnaire in clinical settings.

PAD-specific Questionnaires
Disease-specific HRQOL questionnaires for PAD were developed to examine how IC
impacts the well-being and ability of patients to function. Although less generalizable than
HRQOL questionnaires developed for use across disease states, these tools allow for a more
in-depth assessment of specific health issues related to PAD. This is particularly important
because of the debilitating effects of IC on HRQOL, particularly in the physical domains as
opposed to the psychosocial domains.65

Walking Impairment Questionnaire (WIQ)—The WIQ was one of the first disease-
specific questionnaires for assessing functional status in PAD patients and remains widely
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used.66 The WIQ was validated in several large studies and is available in many different
languages.67–72 In the initial validation as well as in subsequent studies, the questionnaire
results were correlated to treadmill measures of performance (i.e., peak walking distance,
peak oxygen consumption, and onset of claudication pain) in PAD patients.66 The WIQ
assesses how limited patients are in walking defined distances and speeds and the degree of
difficulty climbing flights of stairs. Symptoms that limit walking are also assessed. Scoring
is on a 0–100% scale. Using the WIQ, it has been established that limitations in walking
speeds and distances as well as stair climbing are present in patients with IC compared to
controls.4,73 The WIQ has also been shown to detect impairment in PAD patients who have
mild symptoms or are asymptomatic.74

The WIQ has been used extensively to evaluate the efficacy of several types of therapy for
IC including exercise training,66,75–79 peripheral bypass surgery,66,80 endovascular
therapy81–82 and many types of medications.83–86 In the initial development and validation,
Regensteiner et al66 compared WIQ scores of claudication patients before and after 12
weeks of supervised treadmill walking and 6 weeks following bypass surgery. Both
treatments significantly improved the distance and speed domains as well as treadmill
walking, demonstrating the positive impact of both treatments. Additionally, Matsuo and
Shigematsu85 examined changes in functional status assessed by the Japanese version of the
WIQ for IC patients. Patients were stratified by ankle-brachial index values and treated for 8
weeks with prostaglandin E1 in lipid microspheres (lipo-PGE1). The WIQ subscales
improved for all groups, demonstrating sensitivity to lipo-PGE1 treatment. Thus, the WIQ is
a valid, reliable and sensitive tool for assessing functional status of PAD patients for
available treatment options. This questionnaire is brief and can be used in the clinical or
research settings to provide information about walking impairment.

Claudication Scale (CLAU-S)—The CLAU-S was originally developed in Germany and
has been translated into a number of different languages including French, English, Flemish
and Swiss.38,87–88 The different versions of this scale are composed of Likert scale items,
each with a number of domains. The 6 domain version includes daily living, pain,
complaints, social life, disease-specific fears and mood. Scoring is on a 0 to 100 scale (i.e., 0
worst score, 100 best score). The majority of studies using the CLAU-S in European settings
have examined the effects of naftidrofuryl (5HT2 receptor antagonist), a peripheral
vasodilator, on IC and have demonstrated mixed results for specific domains, although
walking improvement has been observed. Daily living, pain, disease-specific fears and mood
improved significantly when compared to patients who received a placebo.89 However,
D’Hooge et al90 found no changes in disease-specific fears and mood and an improvement
in social life scores following naftidrofuryl treatment. Several vascular intervention studies
have evaluated changes in HRQOL demonstrating both short and long term improvements
in most of the domains of the CLAU-S.38,91 To the best of our knowledge, the CLAU-S has
only been used in the research setting to date.

Peripheral Artery Occlusive Disease 86 questionnaire (PAVK-86)—The
PAVK-86 consists of 86 items and 7 HRQOL domains which include functional status, pain,
general complaints, mood, anxiety, social life and evaluation of treatment. Scoring is from
1–4, with 1 indicating no impairment and 4 indicating high impairment. Holler and
colleagues92 examined PAVK-86 scores spanning PAD severity according to the Fontaine
Classification system (stages II to IV). Patients experienced greater impairments in pain and
functional status between Fontaine Classification Stage IIb (moderate to severe claudication)
compared to IIa (mild claudication), indicating that the more advanced disease and
subsequent shorter distance to onset of leg pain leads to a greater impairment of the
PAVK-86 physical domains. The PAVK-86 has been used to evaluate changes in HRQOL
following pharmacological treatment, supervised and unsupervised exercise training and
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combined pharmacological and supervised exercise training.93–95 Briefly, all domains
except general complaints improved in patients with IC following 12 weeks of supervised
treadmill walking.94 The largest improvement was demonstrated in the pain and functional
status domains, indicating that physical domains for IC patients are generally the most
improved by exercise training. One drawback is that the questionnaire has proven difficult
and lengthy for patients to complete.92

Vascular Quality of Life questionnaire (VascuQOL)—The VascuQOL was
originally developed for use in patients with Fontaine classification II-IV (i.e., ranging from
mild IC to ulceration/gangrene) and has been translated into multiple languages.96 The
questionnaire contains 25-items subdivided into the domains of pain, symptoms, activities
and social and emotional well-being. Scores are based on responses from a 7 point scale for
each item (1 being lowest score, 7 being highest). Several studies have used it to evaluate
the impact of IC on quality of life.39,97 de Vries et al39 established that the instrument
discriminated disease severity among PAD patients. Additionally, the tool has been
demonstrated to be sensitive to change in HRQOL following various treatments for
IC.27,39–40,98 For instance, Roberts et al98 found that an unsupervised, home-based exercise
program improved all domains of the VascuQOL, except for the social domain. The original
study indicated that the questionnaire was easy for patients to understand and took an
average of 9.6 minutes to complete, indicating it may have value in clinical settings.96

Peripheral Artery Questionnaire (PAQ)—The PAQ is a disease-specific health status
questionnaire for patients with PAD.82,99–100 There are 20-items (scored from worst to best,
0–100) relating to domains specific to PAD including the following: 1) identification of the
most symptomatic leg, 2) degree to which PAD limits normal activities, 3) questions
regarding recent improvement or deterioration in symptoms, 4) the frequency and intensity
of claudication, 5) questions regarding patient satisfaction with current treatment, 6)
standard quality of life and current symptoms and limitations as compared with their desired
level of functioning and 7) social function.82 In the initial validation study using
revascularization, scores improved significantly in all PAQ domains. Currently, there are
several studies examining the validity of the PAQ, including several using a Dutch version
of the scale.30,101–102 The questionnaire is relatively brief and may be useful in the clinical
setting.

Sickness Impact Profile – Intermittent Claudication (SIPIC)—Developed from the
generic HRQOL 136-item SIP, the SIPIC is a condensed version of the original, containing
12 items from 6 domains.103–105 The domains that comprise the SIPIC are sleep and rest,
home management, ambulation, mobility, social interaction and alertness and behavior.
Scoring is completed by a positive response to a specific question (e.g., 1 point for
acknowledgment of walking shorter distances or stopping to rest often). While many studies
use the original SIP across various disease states, relatively few have used the SIPIC version
for symptomatic PAD patients following treatment.40,106 Taft et al106 examined differences
in HRQOL assessed by the SIPIC in stable IC following several different interventions.
Patients who received endovascular therapy/bypass surgery significantly improved SIPIC
scores and also demonstrated larger improvements from baseline than both the supervised
exercise training and control groups. There may be utility in the clinical setting for this
questionnaire because of its brevity.

Intermittent Claudication Questionnaire (ICQ)—The ICQ consists of an index of 16
items that focuses on limitations imposed by claudication while performing various tasks,
such as walking specific distances or performing errands.107 This questionnaire is a
relatively new tool for assessing HRQOL in PAD patients following treatment. Cheetham et
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al108 demonstrated that a supervised exercise program improved ICQ scores by 43% from
baseline scores, whereas an advice-only group had a non-significant improvement of 16%
(also used SF-36). Additionally, Kakkos and colleagues109 examined quality of life at
baseline and following supervised and unsupervised exercise and intermittent pneumatic
compression for patients with stable IC. Both supervised exercise and intermittent
pneumatic compression improved ICQ scores at 6 weeks and 6 months post baseline. The
questionnaire has also been validated in Turkish.110 Overall, testing for use in symptomatic
PAD patients has been limited. However, the ICQ may be a practical tool for use in clinical
settings, as the average time for completing the questionnaire is 3.7 minutes.107

CLINICAL RELEVANCE OF HRQOL AND FUNCTIONAL STATUS
ASSESSMENT

The questionnaires discussed above have been more commonly used in the research setting
than the clinical setting. Finding reports about results of questionnaire use in the clinical
setting is difficult because often clinicians may not publish results of a questionnaire used
only in this way. Although many study results are adopted into clinical practice, there are
not direct examples in the literature of a claudication research trial substantially altering
clinical management as a result of questionnaire use. However, the role for questionnaires in
the clinical setting should be further explored since patient outcomes provide important
information as to treatment efficacy. For instance, understanding patient goals may help in
making treatment decisions. The treatment options presented to the patient may not meet
their expectations, which may affect adherence to the treatment and could adversely affect
the patient’s physical, mental and emotional satisfaction with care.111 Assessing HRQOL
and functional status may assist in circumventing future problems with treatment choice and
ultimately improve the health of PAD patients with claudication.

CONCLUSIONS
HRQOL is defined as a patient’s perceived physical, emotional and social well-being and
function. It has been estimated that over 2 million individuals with IC have a reduced quality
of life, particularly relating to limitations in ambulation.10,112 It is important for healthcare
providers to evaluate the burden of the disease which ultimately will guide selection of
appropriate treatments for improving the HRQOL of PAD patients. Thus, questionnaires that
are simple, accurate and effective for determining perceived quality of life and functional
status in patients with IC have utility in clinical as well as research settings. Future research
should move toward a consensus on the best questionnaires available for symptomatic PAD
patients and standardize the implementation and interpretation of these tools in clinical
settings.

References
1. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG, et al. Inter-society

consensus for the management of peripheral arterial disease (TASC II). Eur J Vasc Endovasc Surg.
2007; 33 (Suppl 1):S1–75. [PubMed: 17140820]

2. de Graaff JC, Ubbink DT, Kools EI, Chamuleau SA, Jacobs MJ. The impact of peripheral and
coronary artery disease on health-related quality of life. Ann Vasc Surg. 2002; 16(4):495–500.
[PubMed: 12085126]

3. Dumville JC, Lee AJ, Smith FB, Fowkes FG. The health-related quality of life of people with
peripheral arterial disease in the community: The Edinburgh artery study. Br J Gen Pract. 2004;
54(508):826–31. [PubMed: 15527608]

4. Regensteiner JG, Hiatt WR, Coll JR, Criqui MH, Treat-Jacobson D, McDermott MM, et al. The
impact of peripheral arterial disease on health-related quality of life in the peripheral arterial disease

Mays et al. Page 8

J Vasc Surg. Author manuscript; available in PMC 2013 January 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



awareness, risk, and treatment: New resources for survival (PARTNERS) program. Vasc Med.
2008; 13(1):15–24. [PubMed: 18372434]

5. Treat-Jacobson D, Halverson SL, Ratchford A, Regensteiner JG, Lindquist R, Hirsch AT. A patient-
derived perspective of health-related quality of life with peripheral arterial disease. J Nurs
Scholarsh. 2002; 34(1):55–60. [PubMed: 11901968]

6. Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual
framework and item selection. Med Care. 1992; 30(6):473–83. [PubMed: 1593914]

7. Hirsch AT, Criqui MH, Treat-Jacobson D, Regensteiner JG, Creager MA, Olin JW, et al. Peripheral
arterial disease detection, awareness, and treatment in primary care. JAMA. 2001; 286(11):1317–
24. [PubMed: 11560536]

8. Allison MA, Ho E, Denenberg JO, Langer RD, Newman AB, Fabsitz RR, et al. Ethnic-specific
prevalence of peripheral arterial disease in the United States. Am J Prev Med. 2007; 32(4):328–33.
[PubMed: 17383564]

9. Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, McCann TJ, et al. Mortality over a
period of 10 years in patients with peripheral arterial disease. N Engl J Med. 1992; 326(6):381–6.
[PubMed: 1729621]

10. Golomb BA, Dang TT, Criqui MH. Peripheral arterial disease: Morbidity and mortality
implications. Circulation. 2006; 114(7):688–99. [PubMed: 16908785]

11. de Liefde II, Hoeks SE, van Gestel YR, Klein J, Bax JJ, Verhagen HJ, et al. The prognostic value
of impaired walking distance on long-term outcome in patients with known or suspected
peripheral arterial disease. Eur J Vasc Endovasc Surg. 2009; 38(4):482–7. [PubMed: 19586784]

12. Hiatt W, Nawaz D, Regensteiner J, Hossack K. The evaluation of exercise performance in patients
with peripheral vascular disease. J Cardiopulm Rehabil. 1988; 12:525–32.

13. Butland RJ, Pang J, Gross ER, Woodcock AA, Geddes DM. Two-, six-, and 12-minute walking
tests in respiratory disease. Br Med J (Clin Res Ed). 1982; 284(6329):1607–8.

14. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short
physical performance battery assessing lower extremity function: Association with self-reported
disability and prediction of mortality and nursing home admission. J Gerontol. 1994; 49(2):M85–
94. [PubMed: 8126356]

15. McDermott MM, Ades PA, Dyer A, Guralnik JM, Kibbe M, Criqui MH. Corridor-based functional
performance measures correlate better with physical activity during daily life than treadmill
measures in persons with peripheral arterial disease. J Vasc Surg. 2008; 48(5):1231–7. [PubMed:
18829215]

16. McDermott MM, Liu K, Greenland P, Guralnik JM, Criqui MH, Chan C, et al. Functional decline
in peripheral arterial disease: Associations with the ankle brachial index and leg symptoms.
JAMA. 2004; 292(4):453–61. [PubMed: 15280343]

17. Montgomery PS, Gardner AW. The clinical utility of a six-minute walk test in peripheral arterial
occlusive disease patients. J Am Geriatr Soc. 1998; 46(6):706–11. [PubMed: 9625185]

18. Wang TJ. Concept analysis of functional status. Int J Nurs Stud. 2004; 41(4):457–62. [PubMed:
15050856]

19. Guyatt GH, Feeny DH, Patrick DL. Measuring health-related quality of life. Ann Intern Med.
1993; 118(8):622–9. [PubMed: 8452328]

20. Sullivan M. The new subjective medicine: Taking the patient’s point of view on health care and
health. Soc Sci Med. 2003; 56(7):1595–604. [PubMed: 12614708]

21. McDowell, I.; Newell, C. Measure health. New York: Oxford University Press; 1996.

22. Nehler MR, McDermott MM, Treat-Jacobson D, Chetter I, Regensteiner JG. Functional outcomes
and quality of life in peripheral arterial disease: Current status. Vasc Med. 2003; 8(2):115–26.
[PubMed: 14518614]

23. Tarlov AR, Ware JE Jr, Greenfield S, Nelson EC, Perrin E, Zubkoff M. The medical outcomes
study. An application of methods for monitoring the results of medical care. JAMA. 1989; 262(7):
925–30. [PubMed: 2754793]

24. Turner-Bowker, DM.; Bartley, PJ.; Ware, JE. SF-36® health survey & “SF” bibliography: Third
edition (1988–2000). Lincoln, RI: Quality Metric Incorporated; 2002.

Mays et al. Page 9

J Vasc Surg. Author manuscript; available in PMC 2013 January 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



25. Myers SA, Johanning JM, Stergiou N, Lynch TG, Longo GM, Pipinos II. Claudication distances
and the walking impairment questionnaire best describe the ambulatory limitations in patients with
symptomatic peripheral arterial disease. J Vasc Surg. 2008; 47(3):550–55. [PubMed: 18207355]

26. Hicken GJ, Lossing AG, Ameli M. Assessment of generic health-related quality of life in patients
with intermittent claudication. Eur J Vasc Endovasc Surg. 2000; 20(4):336–41. [PubMed:
11035965]

27. Mazari FA, Gulati S, Rahman MN, Lee HL, Mehta TA, McCollum PT, et al. Early outcomes from
a randomized, controlled trial of supervised exercise, angioplasty, and combined therapy in
intermittent claudication. Ann Vasc Surg. 2010; 24(1):69–79. [PubMed: 19762206]

28. Ware JE, Kosinski M, Keller SD. A 12-item short-form health survey: Construction of scales and
preliminary tests of reliability and validity. Med Care. 1996; 34(3):220–33. [PubMed: 8628042]

29. Smolderen KG, Pelle AJ, Kupper N, Mols F, Denollet J. Impact of peripheral arterial disease on
health status: A comparison with chronic heart failure. J Vasc Surg. 2009; 50(6):1391–8.
[PubMed: 19958988]

30. Safley DM, House JA, Laster SB, Daniel WC, Spertus JA, Marso SP. Quantifying improvement in
symptoms, functioning, and quality of life after peripheral endovascular revascularization.
Circulation. 2007; 115(5):569–75. [PubMed: 17242281]

31. EuroQOL-Group. EuroQOL--a new facility for the measurement of health-related quality of life.
Health Policy. 1990; 16(3):199–208. [PubMed: 10109801]

32. Brooks R. EuroQOL: The current state of play. Health Policy. 1996; 37(1):53–72. [PubMed:
10158943]

33. Cook TA, O’Regan M, Galland RB. Quality of life following percutaneous transluminal
angioplasty for claudication. Eur J Vasc Endovasc Surg. 1996; 11(2):191–4. [PubMed: 8616651]

34. Cook TA, Galland RB. Quality of life changes after angioplasty for claudication: Medium-term
results affected by comorbid conditions. Cardiovasc Surg. 1997; 5(4):424–6. [PubMed: 9350800]

35. Chetter IC, Spark JI, Kent PJ, Berridge DC, Scott DJ, Kester RC. Percutaneous transluminal
angioplasty for intermittent claudication: Evidence on which to base the medicine. Eur J Vasc
Endovasc Surg. 1998; 16(6):477–84. [PubMed: 9894486]

36. Bosch JL, van der Graaf Y, Hunink MG. Health-related quality of life after angioplasty and stent
placement in patients with iliac artery occlusive disease: Results of a randomized controlled
clinical trial. The Dutch iliac stent trial study group. Circulation. 1999; 99(24):3155–60. [PubMed:
10377079]

37. Bosch JL, Hunink MG. Comparison of the health utilities index mark 3 (HUI3) and the euroqol
EQ-5D in patients treated for intermittent claudication. Qual Life Res. 2000; 9(6):591–601.
[PubMed: 11236850]

38. Egberg L, Mattiasson AC, Ljungstrom KG, Styrud J. Health-related quality of life in patients with
peripheral arterial disease undergoing percutaneous transluminal angioplasty: A prospective one-
year follow-up. J Vasc Nurs. 2010; 28(2):72–7. [PubMed: 20494298]

39. de Vries M, Ouwendijk R, Kessels AG, de Haan MW, Flobbe K, Hunink MG, et al. Comparison of
generic and disease-specific questionnaires for the assessment of quality of life in patients with
peripheral arterial disease. J Vasc Surg. 2005; 41(2):261–8. [PubMed: 15768008]

40. Mehta T, Venkata Subramaniam A, Chetter I, McCollum P. Assessing the validity and
responsiveness of disease-specific quality of life instruments in intermittent claudication. Eur J
Vasc Endovasc Surg. 2006; 31(1):46–52. [PubMed: 16226903]

41. Spronk S, Bosch JL, den Hoed PT, Veen HF, Pattynama PM, Hunink MG. Cost-effectiveness of
endovascular revascularization compared to supervised hospital-based exercise training in patients
with intermittent claudication: A randomized controlled trial. J Vasc Surg. 2008; 48(6):1472–80.
[PubMed: 18771879]

42. Hunt SM, McEwen J. The development of a subjective health indicator. Sociol Health Illn. 1980;
2(3):231–46. [PubMed: 10298135]

43. Hunt SM, McKenna SP, McEwen J, Backett EM, Williams J, Papp E. A quantitative approach to
perceived health status: A validation study. J Epidemiol Community Health. 1980; 34(4):281–6.
[PubMed: 7241028]

Mays et al. Page 10

J Vasc Surg. Author manuscript; available in PMC 2013 January 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



44. Klevsgard R, Hallberg IR, Risberg B, Thomsen MB. Quality of life associated with varying
degrees of chronic lower limb ischaemia: Comparison with a healthy sample. Eur J Vasc Endovasc
Surg. 1999; 17(4):319–25. [PubMed: 10204054]

45. Koivunen K, Lukkarinen H. Lower limb atherosclerotic disease causes various deteriorations of
patients’ health-related quality of life. J Vasc Nurs. 2006; 24(4):102–15. [PubMed: 17141129]

46. Khaira HS, Hanger R, Shearman CP. Quality of life in patients with intermittent claudication. Eur J
Vasc Endovasc Surg. 1996; 11(1):65–9. [PubMed: 8564489]

47. Koivunen K, Lukkarinen H. One-year prospective health-related quality-of-life outcomes in
patients treated with conservative method, endovascular treatment or open surgery for
symptomatic lower limb atherosclerotic disease. Eur J Cardiovasc Nurs. 2008; 7(3):247–56.
[PubMed: 18221916]

48. Virkkunen J, Venermo M, Saarinen J, Keski-Nisula L, Apuli P, Kankainen AL, et al. Impact of
endovascular treatment on clinical status and health-related quality of life. Scand J Surg. 2008;
97:50–55. [PubMed: 18450206]

49. Wann-Hansson C, Hallberg IR, Risberg B, Lundell A, Klevsgard R. Health-related quality of life
after revascularization for peripheral arterial occlusive disease: Long-term follow-up. J Adv Nurs.
2005; 51(3):227–35. [PubMed: 16033590]

50. Whyman MR, Fowkes FG, Kerracher EM, Gillespie IN, Lee AJ, Housley E, et al. Is intermittent
claudication improved by percutaneous transluminal angioplasty? A randomized controlled trial. J
Vasc Surg. 1997; 26(4):551–7. [PubMed: 9357454]

51. Whyman MR, Fowkes FG, Kerracher EMG, Gillespie IN, Lee AJ, Housley E, et al. Randomised
controlled trial of percutaneous transluminal angioplasty for intermittent claudication. Eur J Vasc
Endovasc Surg. 1996; 12:167–72. [PubMed: 8760978]

52. Klevsgard R, Risberg BO, Thomsen MB, Hallberg IR. A 1-year follow-up quality of life study
after hemodynamically successful or unsuccessful surgical revascularization of lower limb
ischemia. J Vasc Surg. 2001; 33(1):114–22. [PubMed: 11137931]

53. Klevsgard R, Froberg BL, Risberg B, Hallberg IR. Nottingham health profile and short-form 36
health survey questionnaires in patients with chronic lower limb ischemia: Before and after
revascularization. J Vasc Surg. 2002; 36(2):310–7. [PubMed: 12170212]

54. Klevsgard R, Hallberg IR, Risberg B, Thomsen MB. The effects of successful intervention on
quality of life in patients with varying degrees of lower-limb ischaemia. Eur J Vasc Endovasc
Surg. 2000; 19(3):238–45. [PubMed: 10753686]

55. Wann-Hansson C, Hallberg IR, Risberg B, Klevsgard R. A comparison of the nottingham health
profile and short form 36 health survey in patients with chronic lower limb ischaemia in a
longitudinal perspective. Health Qual Life Outcomes. 2004; 2:9. [PubMed: 14969590]

56. WHOQOL-Group. The world health organization quality of life assessment (WHOQOL):
Development and general psychometric properties. Soc Sci Med. 1998; 46(12):1569–85.
[PubMed: 9672396]

57. Breek JC, Hamming JF, De Vries J, van Berge Henegouwen DP, van Heck GL. The impact of
walking impairment, cardiovascular risk factors, and comorbidity on quality of life in patients with
intermittent claudication. J Vasc Surg. 2002; 36(1):94–9. [PubMed: 12096264]

58. Breek JC, de Vries J, van Heck GL, van Berge Henegouwen DP, Hamming JF. Assessment of
disease impact in patients with intermittent claudication: Discrepancy between health status and
quality of life. J Vasc Surg. 2005; 41(3):443–50. [PubMed: 15838478]

59. Aquarius AE, De Vries J, Henegouwen DP, Hamming JF. Clinical indicators and psychosocial
aspects in peripheral arterial disease. Arch Surg. 2006; 141(2):161–6. [PubMed: 16490893]

60. Breek JC, Hamming JF, De Vries J, Aquarius AE, van Berge Henegouwen DP. Quality of life in
patients with intermittent claudication using the world health organisation (WHO) questionnaire.
Eur J Vasc Endovasc Surg. 2001; 21(2):118–22. [PubMed: 11237783]

61. Aquarius AE, Denollet J, Hamming JF, Breek JC, De Vries J. Impaired health status and invasive
treatment in peripheral arterial disease: A prospective 1-year follow-up study. J Vasc Surg. 2005;
41(3):436–42. [PubMed: 15838477]

62. Ponte E, Cattinelli S. Quality of life in a group of patients with intermittent claudication.
Angiology. 1996; 47(3):247–51. [PubMed: 8638867]

Mays et al. Page 11

J Vasc Surg. Author manuscript; available in PMC 2013 January 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



63. Barletta G, Perna S, Sabba C, Catalano A, O’Boyle C, Brevetti G. Quality of life in patients with
intermittent claudication: Relationship with laboratory exercise performance. Vasc Med. 1996;
1(1):3–7. [PubMed: 9546911]

64. Brevetti G, Perna S, Sabba C, Martone VD, Di Iorio A, Barletta G. Effect of propionyl-l-carnitine
on quality of life in intermittent claudication. Am J Cardiol. 1997; 79(6):777–80. [PubMed:
9070558]

65. Muller-Buhl U, Engeser P, Klimm HD, Wiesemann A. Quality of life and objective disease criteria
in patients with intermittent claudication in general practice. Fam Pract. 2003; 20(1):36–40.
[PubMed: 12509368]

66. Regensteiner JG, Steiner JF, Panzer RJ, Hiatt WR. Evaluation of walking impairment by
questionniare in patients with peripheral artery disease. J Vasc Med Biol. 1990; 2:142–52.

67. Verspaget M, Nicolai SP, Kruidenier LM, Welten RJ, Prins MH, Teijink JA. Validation of the
Dutch version of the walking impairment questionnaire. Eur J Vasc Endovasc Surg. 2009; 37(1):
56–61. [PubMed: 19008127]

68. Collins TC, Suarez-Almazor M, Petersen NJ, O’Malley KJ. A Spanish translation of the walking
impairment questionnaire was validated for patients with peripheral arterial disease. J Clin
Epidemiol. 2004; 57(12):1305–15. [PubMed: 15617957]

69. Ritti-Dias RM, Gobbo LA, Cucato GG, Wolosker N, Jacob Filho W, Santarem JM, et al.
Translation and validation of the walking impairment questionnaire in Brazilian subjects with
intermittent claudication. Arq Bras Cardiol. 2009; 92(2):136–49. [PubMed: 19360247]

70. Ikeda S, Kobayashi M, Shigematsu H. Development of the Japanese version of the walking
impairment questionnaire. J Jpn Coll Angiol. 2005; 45:233–40.

71. Le Faucheur A, Abraham P, Jaquinandi V, Bouye P, Saumet JL, Noury-Desvaux B. Measurement
of walking distance and speed in patients with peripheral arterial disease: A novel method using a
global positioning system. Circulation. 2008; 117(7):897–904. [PubMed: 18250268]

72. Wohlgemuth WA, Niechzial M, Nagel E, Bohndorf K. Assessment of the quality of life of patients
with peripheral vascular diseases. RöFo. 2003; 175(2):169–75.

73. Collins TC, Petersen NJ, Suarez-Almazor M, Ashton CM. Ethnicity and peripheral arterial disease.
Mayo Clin Proc. 2005; 80(1):48–54. [PubMed: 15667029]

74. McDermott MM, Liu K, Guralnik JM, Martin GJ, Criqui MH, Greenland P. Measurement of
walking endurance and walking velocity with questionnaire: Validation of the walking impairment
questionnaire in men and women with peripheral arterial disease. J Vasc Surg. 1998; 28(6):1072–
81. [PubMed: 9845659]

75. Nicolai SP, Teijink JA, Prins MH. Multicenter randomized clinical trial of supervised exercise
therapy with or without feedback versus walking advice for intermittent claudication. J Vasc Surg.
2010; 52(2):348–55. [PubMed: 20478681]

76. Regensteiner JG, Steiner JF, Hiatt WR. Exercise training improves functional status in patients
with peripheral arterial disease. J Vasc Surg. 1996; 23(1):104–15. [PubMed: 8558725]

77. Wullink M, Stoffers HE, Kuipers H. A primary care walking exercise program for patients with
intermittent claudication. Med Sci Sports Exerc. 2001; 33(10):1629–34. [PubMed: 11581544]

78. Nicolai SP, Kruidenier LM, Rouwet EV, Graffius K, Prins MH, Teijink JA. The walking
impairment questionnaire: An effective tool to assess the effect of treatment in patients with
intermittent claudication. J Vasc Surg. 2009; 50(1):89–94. [PubMed: 19563956]

79. Regensteiner JG, Meyer TJ, Krupski WC, Cranford LS, Hiatt WR. Hospital vs home-based
exercise rehabilitation for patients with peripheral arterial occlusive disease. Angiology. 1997;
48(4):291–300. [PubMed: 9112877]

80. Regensteiner JG, Hargarten ME, Rutherford RB, Hiatt WR. Functional benefits of peripheral
vascular bypass surgery for patients with intermittent claudication. Angiology. 1993; 44(1):1–10.
[PubMed: 8424578]

81. Murphy TP, Soares GM, Kim HM, Ahn SH, Haas RA. Quality of life and exercise performance
after aortoiliac stent placement for claudication. J Vasc Interv Radiol. 2005; 16(7):947–54.
[PubMed: 16002502]

Mays et al. Page 12

J Vasc Surg. Author manuscript; available in PMC 2013 January 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



82. Spertus J, Jones P, Poler S, Rocha-Singh K. The peripheral artery questionnaire: A new disease-
specific health status measure for patients with peripheral arterial disease. Am Heart J. 2004;
147(2):301–8. [PubMed: 14760329]

83. Hiatt WR, Hirsch AT, Cooke JP, Olin JW, Brater DC, Creager MA. Randomized trial of at-1015
for treatment of intermittent claudication. A novel 5-hydroxytryptamine antagonist with no
evidence of efficacy. Vasc Med. 2004; 9(1):18–25. [PubMed: 15230484]

84. Hiatt WR, Klepack E, Nehler M, Regensteiner JG, Blue J, Imus J, et al. The effect of inhibition of
acyl coenzyme a-cholesterol acyltransferase (ACAT) on exercise performance in patients with
peripheral arterial disease. Vasc Med. 2004; 9(4):271–7. [PubMed: 15678619]

85. Matsuo H, Shigematsu H. Patient-based outcomes using the walking impairment questionnaire for
patients with peripheral arterial occlusive disease treated with lipo-PGE1. Circ J. 2010; 74(2):365–
70. [PubMed: 20037256]

86. Strandness DE Jr, Dalman RL, Panian S, Rendell MS, Comp PC, Zhang P, et al. Effect of
cilostazol in patients with intermittent claudication: A randomized, double-blind, placebo-
controlled study. Vasc Endovascular Surg. 2002; 36(2):83–91. [PubMed: 11951094]

87. Finger T, Kirchberger I, Dietze S, van Laak H, Comte S. Assessing the quality of life of patients
with intermittent claudication; psychometric properties of the claudication scale (CLAU-S). Qual
Life Res. 1995; 4:427. [abstract].

88. Marquis P, Comte S, Lehert P. International validation of the CLAU-S quality-of-life questionnaire
for use in patients with intermittent claudication. Pharmacoeconomics. 2001; 19(6):667–77.
[PubMed: 11456214]

89. Spengel F, Brown TM, Poth J, Lehert P. Naftidrofuryl can enhance the quality of life in patients
with intermittent claudication. VASA. 1999; 28(3):207–12. [PubMed: 10483329]

90. D’Hooge D, Lehert P, Clement DL. Naftidrofuryl in quality of life (NIQOL). A Belgian study. Int
Angiol. 2001; 20(4):288–94. [PubMed: 11782694]

91. Nylaende M, Abdelnoor M, Stranden E, Morken B, Sandbaek G, Risum O, et al. The Oslo balloon
angioplasty versus conservative treatment study (OBACT)--the 2-years results of a single centre,
prospective, randomised study in patients with intermittent claudication. Eur J Vasc Endovasc
Surg. 2007; 33(1):3–12. [PubMed: 17055756]

92. Holler D, Claes C, von der Schulenburg JM. Treatment costs and quality of life of patients with
peripheral arterial occlusive disease--the German perspective. VASA. 2004; 33(3):145–53.
[PubMed: 15461066]

93. Creutzig A, Bullinger M, Cachovan M, Diehm C, Forst HT, Gruss JD, et al. Improvement in the
quality of life after i.v. PGE1 therapy for intermittent claudication. VASA. 1997; 26(2):122–7.
[PubMed: 9174389]

94. Gartenmann C, Kirchberger I, Herzig M, Baumgartner I, Saner H, Mahler F, et al. Effects of
exercise training program on functional capacity and quality of life in patients with peripheral
arterial occlusive disease. Evaluation of a pilot project. VASA. 2002; 31(1):29–34. [PubMed:
11951695]

95. Imfeld S, Singer L, Degischer S, Aschwanden M, Thalhammer C, Labs KH, et al. Quality of life
improvement after hospital-based rehabilitation or home-based physical training in intermittent
claudication. VASA. 2006; 35(3):178–84. [PubMed: 16941407]

96. Morgan MB, Crayford T, Murrin B, Fraser SC. Developing the vascular quality of life
questionnaire: A new disease-specific quality of life measure for use in lower limb ischemia. J
Vasc Surg. 2001; 33(4):679–87. [PubMed: 11296317]

97. Met R, Reekers JA, Koelemay MJ, Legemate DA, de Haan RJ. The AMC linear disability score
(ALDS): A cross-sectional study with a new generic instrument to measure disability applied to
patients with peripheral arterial disease. Health Qual Life Outcomes. 2009; 7:88. [PubMed:
19822016]

98. Roberts AJ, Roberts EB, Sykes K, De Cossart L, Edwards P, Cotterrell D. Physiological and
functional impact of an unsupervised but supported exercise programme for claudicants. Eur J
Vasc Endovasc Surg. 2008; 36(3):319–24. [PubMed: 18547828]

Mays et al. Page 13

J Vasc Surg. Author manuscript; available in PMC 2013 January 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



99. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and evaluation of the Kansas City
cardiomyopathy questionnaire: A new health status measure for heart failure. J Am Coll Cardiol.
2000; 35(5):1245–55. [PubMed: 10758967]

100. Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Prodzinski J, McDonell M, et al. Development
and evaluation of the Seattle angina questionnaire: A new functional status measure for coronary
artery disease. J Am Coll Cardiol. 1995; 25(2):333–41. [PubMed: 7829785]

101. Smolderen KG, Hoeks SE, Aquarius AE, Scholte op Reimer WJ, Spertus JA, van Urk H, et al.
Further validation of the peripheral artery questionnaire: Results from a peripheral vascular
surgery survey in the Netherlands. Eur J Vasc Endovasc Surg. 2008; 36(5):582–91. [PubMed:
18804390]

102. Hoeks SE, op Reimer WJ, van Gestel YR, Smolderen KG, Verhagen H, van Domburg RT, et al.
Preoperative cardiac risk index predicts long-term mortality and health status. Am J Med. 2009;
122(6):559–65. [PubMed: 19376487]

103. Gilson BS, Gilson JS, Bergner M, Bobbit RA, Kressel S, Pollard WE, et al. The sickness impact
profile. Development of an outcome measure of health care. Am J Public Health. 1975; 65(12):
1304–10. [PubMed: 1200192]

104. Bergner M, Bobbitt RA, Pollard WE, Martin DP, Gilson BS. The sickness impact profile:
Validation of a health status measure. Med Care. 1976; 14(1):57–67. [PubMed: 950811]

105. Arfvidsson B, Karlsson J, Dahllof AG, Lundholm K, Sullivan M. The impact of intermittent
claudication on quality of life evaluated by the sickness impact profile technique. Eur J Clin
Invest. 1993; 23(11):741–5. [PubMed: 8307093]

106. Taft C, Karlsson J, Gelin J, Jivegard L, Sandstrom R, Arfvidsson B, et al. Treatment efficacy of
intermittent claudication by invasive therapy, supervised physical exercise training compared to
no treatment in unselected randomised patients II: One-year results of health-related quality of
life. Eur J Vasc Endovasc Surg. 2001; 22(2):114–23. [PubMed: 11472043]

107. Chong PF, Garratt AM, Golledge J, Greenhalgh RM, Davies AH. The intermittent claudication
questionnaire: A patient-assessed condition-specific health outcome measure. J Vasc Surg. 2002;
36(4):764–71. [PubMed: 12368737]

108. Cheetham DR, Burgess L, Ellis M, Williams A, Greenhalgh RM, Davies AH. Does supervised
exercise offer adjuvant benefit over exercise advice alone for the treatment of intermittent
claudication? A randomised trial. Eur J Vasc Endovasc Surg. 2004; 27(1):17–23. [PubMed:
14652832]

109. Kakkos SK, Geroulakos G, Nicolaides AN. Improvement of the walking ability in intermittent
claudication due to superficial femoral artery occlusion with supervised exercise and pneumatic
foot and calf compression: A randomised controlled trial. Eur J Vasc Endovasc Surg. 2005;
30(2):164–75. [PubMed: 15890545]

110. Ketenci B, Tuygun AK, Gorur A, Bicer M, Ozay B, Gunay R, et al. An approach to cultural
adaptation and validation: The intermittent claudication questionnaire. Vasc Med. 2009; 14(2):
117–22. [PubMed: 19366817]

111. Kazi R, Sayed S, Dwivedi RC. Clinical importance of quality of life measures in head and neck
cancer. Indian J Cancer. 2010; 47(3):237–8. [PubMed: 20587897]

112. Marcoux RM, Larrat EP, Taubman AH, Wilson J. Screening for peripheral arterial disease. J Am
Pharm Assoc (Wash). 1996; NS36(6):370–3. [PubMed: 8697262]

113. McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-item short-form health survey (SF-36): II.
Psychometric and clinical tests of validity in measuring physical and mental health constructs.
Med Care. 1993; 31(3):247–63. [PubMed: 8450681]

114. WHOQOL-Group. Development of the WHOQOL: Rationale and current status. Int J Men
Health. 1994; 23:24.

115. WHOQOL-Group. The development of the World Health Organization quality of life assessment
instrument (the WHOQOL). In: Orley, J.; Kuyken, W., editors. Quality of life assessment:
International perspectives. Heidelberg: Springer-Verlag; 1994.

116. Chambers LW, Sackett DL, Goldsmith CH, Macpherson AS, McAuley RG. Development and
application of an index of social function. Health Serv Res. 1976; 11(4):430–41. [PubMed:
1025052]

Mays et al. Page 14

J Vasc Surg. Author manuscript; available in PMC 2013 January 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



117. Sackett DL, Chambers LW, MacPherson AS, Goldsmith CH, McAuley RG. The development
and application of indices of health: General methods and a summary of results. Am J Public
Health. 1977; 67(5):423–8. [PubMed: 857684]

118. Chambers, LW. The mcmaster health index questionnaire (MHIQ). In: Wenger, NK., et al.,
editors. Assessment of quality of life in clinical trials of cardiovascular therapies. New York:
Lejacq Publishing Company; 1984.

119. Heidrich H, Bullinger M, Cachovan M, Creutzig A, Diehm C, Gruss JD, et al. Quality of life in
peripheral arterial occlusive disease. Multicenter study of quality of life characteristics with a
newly developed disease-specific questionnaire. Med Klin (Munich). 1995; 90(12):693–7.
[PubMed: 8583985]

120. Patterson RB, Pinto B, Marcus B, Colucci A, Braun T, Roberts M. Value of a supervised exercise
program for the therapy of arterial claudication. J Vasc Surg. 1997; 25(2):312–9. [PubMed:
9052565]

121. Money SR, Herd JA, Isaacsohn JL, Davidson M, Cutler B, Heckman J, et al. Effect of cilostazol
on walking distances in patients with intermittent claudication caused by peripheral vascular
disease. J Vasc Surg. 1998; 27(2):267–75. [PubMed: 9510281]

122. Beebe HG, Dawson DL, Cutler BS, Herd JA, Strandness DE Jr, Bortey EB, et al. A new
pharmacological treatment for intermittent claudication: Results of a randomized, multicenter
trial. Arch Intern Med. 1999; 159(17):2041–50. [PubMed: 10510990]

123. Hiatt WR, Regensteiner JG, Creager MA, Hirsch AT, Cooke JP, Olin JW, et al. Propionyl-l-
carnitine improves exercise performance and functional status in patients with claudication. Am J
Med. 2001; 110(8):616–22. [PubMed: 11382369]

124. Creager MA, Pande RL, Hiatt WR. A randomized trial of iloprost in patients with intermittent
claudication. Vasc Med. 2008; 13(1):5–13. [PubMed: 18372433]

125. Currie IC, Wilson YG, Baird RN, Lamont PM. Treatment of intermittent claudication: The
impact on quality of life. Eur J Vasc Endovasc Surg. 1995; 10(3):356–61. [PubMed: 7552539]

Mays et al. Page 15

J Vasc Surg. Author manuscript; available in PMC 2013 January 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Mays et al. Page 16

Table 1

Original development and validation studies for general questionnaires used in assessing functional status and/
or HRQOL in symptomatic PAD patients.

Questionnaires Authors & Year Domains/Subscales Items † Scoring Range

1 SF-36
Ware & Sherbourne 19926

McHorney et al 1993113 8 36 0 to 100

2 SF-12 Ware et al 199628 8 12 0 to100

3 EuroQOL
EuroQOL-Group 199031

†† Brooks 199632
5 5 0 to 1

4 NHP
Hunt et al 198043

Hunt & McEwen 198042 7 45 100 to 0

5 WHOQOL-100
WHOQOL-Group 1994114

WHOQOL-Group 1994115
*6 100 **4 to 20

6 MHIQ
Chambers et al 1976116

Sackett et al 1977117

Chambers 1984118
3 59 0 to 1

†
Indicates worst to best.

††
Description for 5 dimension version.

*
Composed of 24 “facets” within the 6 quality of life domains.

**
Scoring for each “facet” or domain.

1
SF-36 = Short Form 36-item questionnaire;

2
SF-12 = Short Form 12-item questionnaire;

3
EuroQOL = European Quality of Life questionnaire;

4
NHP = Nottingham Health Profile;

5
WHOQOL-100 = World Health Organization Quality of Life assessment instrument 100;

6
MHIQ = McMasters Health Index Questionnaire
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Table 2

Original development and validation studies for disease-specific questionnaires used in assessing functional
status and/or HRQOL in symptomatic PAD patients.

Questionnaires Authors & Year Domains/Subscales Items † Scoring Range

a WIQ Regensteiner et al 199066 4 22 0–100

b CLAU-S Finger et al 199587 5 47 0–100

c PAVK-86 Heidrich et al 1995119 7 86 4-1

d VascuQOL Morgan et al 200196 5 25 1–7

e PAQ Spertus et al 200482 7 20 0–100

f SIPIC

Gilson et al 1975103

Bergner et al 1976104

* Arfvidsson et al 1993105

*6 *12 *12-0

g ICQ Chong et al 2002107 1 16 0–100

†
Indicates worst to best

*
Describes the SIPIC version of the questionnaire

a
WIQ = Walking Impairment Questionnaire;

b
CLAU-S = Claudication Scale;

c
PAVK-86 = Peripheral Artery Occlusive Disease 86-item questionnaire;

d
VascuQOL = Vascular Quality of Life questionnaire;

e
PAQ = Peripheral Artery Questionnaire;

f
SIPIC = Sickness Impact Profile – Intermittent Claudication;

g
ICQ = Intermittent Claudication Questionnaire
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Table 3

Functional status and/or HRQOL following exercise training for patients with IC.

Authors & Year (* sample size;
interval)

Questionnaires Type of training Outcome

** Regensteiner et al 199676 (n = 21; 24
wks)

a WIQ supervised exercise
strength training

non-exercise

supervised group improved WIQ & SF-20 scores,
specifically the physical domains

Patterson et al 1997120 (n = 38; 24 wks) 1 SF-36 supervised exercise
home-based exercise

improvement in physical function, pain & physical
component scores for both groups

** Regensteiner et al 199779 (n = 20; 12
wks)

WIQ supervised exercise
unsupervised exercise

supervised group improved WIQ walking distance
& speed scores & SF-20 physical functioning

scores

Wullink et al 200177 (n = 24; 24 wks) WIQ † unsupervised exercise pain, distance, speed & stair climbing domains
improved but not significant

Nicolai et al 200978 (n = 91; 12 wks) SF-36
2 EuroQOL

WIQ

supervised exercise all WIQ domains improved; largest effect for
SF-36 was pain & physical functioning; EuroQOL

index improved

Nicolai et al 201075 (n = 252; 1 year) SF-36
WIQ

supervised exercise
†† supervised exercise

unsupervised

physical summary score of SF-36 improved, no
improvement in mental summary score; total WIQ

scores improved

*
Indicates final sample size for claudicants & final outcome assessment time point.

**
Also employed SF-20 which was not discussed in this review.

†
Employed additional coaching in the home-based setting but did not directly supervise exercise.

††
Provided an accelerometer to patients for additional feedback.

1
SF-36 = Short Form 36-item questionnaire;

2
EuroQOL = European Quality of Life questionnaire

a
WIQ = Walking Impairment Questionnaire
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Table 4

Functional status and/or HRQOL in symptomatic PAD patients following endovascular therapy and/or bypass
surgery.

Authors & Year (* sample size;
interval)

Questionnaires Vascular Procedure Outcomes

Regensteiner et al 199380 (n = 14;
12 wks)

a WIQ bypass surgery all domains improved

Cook et al 199633 (n = 29; 6 wks) 1 EuroQOL endovascular therapy both EuroQOL total & ** VAS scores improved

Cook & Galland 199734 (n = 24; 1
year)

EuroQOL endovascular therapy EuroQOL total & VAS scores improved, except VAS
perceived health state score

Chetter et al 199835 (n = 117; 1
year)

2 SF-36
EuroQOL

endovascular therapy improved most domains, depending on site/severity of
disease; no effect on psychological domains

† Bosch et al 199936 (n = 101; 2
years)

SF-36
EuroQOL

endovascular therapy greatest effect in SF-36 physical functioning, physical
role limitations & bodily pain; EuroQOL improved

† Bosch & Hunink 200037 (n = 72;
1 year)

SF-36
EuroQOL

endovascular therapy improvement in all SF-36 domains; increase in
EuroQOL mobility, usual activities, pain/discomfort

domains

Klevsgard et al 200054 (n = 67; 24
wks)

3 NHP endovascular therapy
bypass surgery

improved all domains except sex life

Klevsgard et al 200152 (n = 84; 1
year)

NHP endovascular therapy
bypass surgery

improvements in Part I scores except social isolation
for successful endovascular therapy; improved Part II

scores of pain, emotional reactions

Klevsgard et al 200253 (n = 40; 4
wks)

SF-36
NHP

endovascular therapy
bypass surgery

†† no improvement for SF-36 mental health or social
functioning; no improvement for NHP social isolation,

which was a zero value pre & post

Wann-Hansson et al 200455 (n = 38;
1 year)

SF-36
NHP

endovascular therapy
bypass surgery

significant improvements in SF-36 bodily pain &
physical functioning; no improvements in NHP scores

Spertus et al 200482 (n = 35; 6 wks) SF-36
WIQ

b PAQ

endovascular therapy improvements in SF-36 physical, social domains & all
WIQ & PAQ domains

Wann-Hansson et al 200549 (n = 51;
4 years)

NHP endovascular therapy
bypass surgery

total NHP score improved compared to baseline

Murphy et al 200581 (n = 35; 1
year)

SF-36
WIQ

endovascular therapy SF-36 physical functioning, role physical, bodily pain,
& vitality improved; all WIQ domains improved

Safley et al 200730 (n = 258; 1 year) 4 SF-12
EuroQOL

PAQ

endovascular therapy improvements in SF-12 & EuroQOL physical scores;
all PAQ scores improved except treatment satisfaction

Egberg et al 201038 (n = 41; 1 year) EuroQOL
c CLAU-S

endovascular therapy EuroQOL total index score & all 5 dimensions of
CLAU-S improved

*
Indicates final sample size for claudicants & final outcome assessment time point.

**
VAS = visual analogue scale

†
Also used health utilities index, time tradeoff, standard gamble & rating scale instruments.

††
Following successful revascularization.

1
EuroQOL = European Quality of Life questionnaire;

2
SF-36 = Short Form 36-item questionnaire;

3
NHP = Nottingham Health Profile;
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4
SF-12 = Short Form 12-item questionnaire

a
WIQ = Walking Impairment Questionnaire;

b
PAQ = Peripheral Artery Questionnaire;

c
CLAU-S = Claudication Scale
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Table 5

Effects of pharmacological therapy on functional status and/or HRQOL in symptomatic PAD patients.

Authors & Year (* sample
size; intervals)

Questionnaires Medication Outcomes

Creutzig et al 199793 (n = 93; 12
wks)

1 SF-36
a PAVK-86

** PGE1 – 50 μg
greatest enhancements for SF-36 domains physical
function, pain & physical role limitations; pain &

functional status most improved PAVK-86 domains

Money et al 1998121 (n = 212;
16 wks)

SF-36
b WIQ

cilostazol – 100 mg
placebo

improvement in SF-36 physical domains & WIQ
walking speed & measures of walking difficulty

compared to placebo

Beebe et al 1999122 (n = 413; 24
wks)

SF-36
WIQ

cilostazol – 100 mg
cilostazol – 50 mg

placebo

physical health domains of SF-36 improved for both
cilostazol groups compared to placebo; WIQ walking

speed & distance better in both cilostazol groups

Hiatt et al 2001123 (n = 155; 24
wks)

SF-36
WIQ

propionyl-L-carnitine – 6 mg
placebo

propionyl-L-carnitine improved SF-36 domains of
physical role functioning, bodily pain & health

transition scores; also improved WIQ distance & speed
scores

Strandness et al 200286 (n = 286;
24 wks)

SF-36
WIQ

cilostazol – 100 mg
cilostazol – 50 mg

placebo

time point analysis indicated improvements in all
physical domains for cilostazol vs. placebo groups

Hiatt et al 200483 (n = 300; 24
wks)

SF-36
WIQ

† AT-1015 – 10 mg
AT-1015 – 20 mg
AT-1015 – 40 mg

placebo

no differences among SF-36 & WIQ scores between
groups

Hiatt et al 200484 (n = 328; 1
year)

WIQ

avasimibe – 50 mg
avasimibe – 250 mg
avasimibe – 750 mg

placebo

greatest enhancement in WIQ distance score seen in
group receiving 50 mg dosage

Creager et al 2008124 (n = 214;
24 wks)

SF-36
WIQ

iloprost – 50 μg
iloprost – 100 μg
iloprost – 150 μg

pentoxifylline – 400 mg
placebo

no differences between groups for SF-36; stair-
climbing only WIQ domain to improve

*
Indicates final sample size of claudicants & final outcome assessment time point.

**
PGE1 = prostaglandin E1.

†
5-HT2A serotonin receptor antagonist.

1
SF-36 = Short Form 36-item questionnaire

a
PAVK-86 = Peripheral Artery Occlusive Disease 86-item questionnaire;

b
WIQ = Walking Impairment Questionnaire
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Table 6

Studies employing general and disease-specific questionnaires to assess functional status and/or HRQOL in
symptomatic PAD patients within multiple interventions.

Authors & Year (* sample size;
interval)

Questionnaires Interventions Most effective intervention

Currie et al 1995125 (n = 186; 12 wks) 1 SF-36
endovascular therapy

bypass surgery
unsupervised exercise

endovascular therapy & bypass surgery

Whyman et al 199651 (n = 62; 24 wks) 2 NHP
endovascular & medical therapy

medical therapy endovascular & medical therapy

Whyman et al 199750 (n = 62; 2 years) NHP endovascular & medical therapy
medical therapy no differences between groups

de Vries et al 200539 (n = 348; 24 wks)

SF-36
3 EuroQOL
a VascuQOL

endovascular therapy
bypass surgery
medical therapy

did not distinguish HRQOL between
groups

** Kakkos et al 2005109 (n = 26; 1 year)

SF-36
b WIQ
c ICQ

supervised exercise
unsupervised exercise

† IPC
IPC & supervised exercise

Imfeld et al 200695 (n = 55; 24 wks)
SF-36
WIQ

d PAVK-86

supervised exercise

supervised exercise & †† medication
home-based exercise

inconclusive

Mehta et al 200640 (n = 70; 24 wks)

SF-36
EuroQOL

VascuQOL
e SIPIC

f CLAU-S

endovascular therapy
medical therapy endovascular therapy

Nylaende et al 200791 (n = 48; 2 years)
SF-36

††† EuroQOL
CLAU-S

endovascular & medical therapy
medical therapy endovascular & medical therapy

Spronk et al 200841 (n = 150; 1 year)
SF-36

EuroQOL
endovascular therapy
supervised exercise supervised exercise

Mazari et al 201027 (n = 157; 12 wks)
SF-36

VascuQOL

endovascular therapy
χ supervised exercise

combined group
combined group

*
Indicates final sample size for claudicants & final outcome assessment time point.

**
Six month active treatment time point described; outcomes at 1 year time point also examined but unclear how many patients analyzed.

†
IPC = intermittent pneumatic compression.

††
75 mg of clopidogrel once daily.

†††
Used the visual analogue scale (VAS).

χ
Patients’ completed a circuit exercise program.

1
SF-36 = Short Form 36-item questionnaire;

2
NHP = Nottingham Health Profile;

3
EuroQOL = European Quality of Life questionnaire

a
VascuQOL = Vascular Quality of Life questionnaire;

b
WIQ = Walking Impairment Questionnaire;
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c
ICQ = Intermittent Claudication Questionnaire;

d
PAVK-86 = Peripheral Artery Occlusive Disease 86-item questionnaire;

e
SIPIC = Sickness Impact Profile – Intermittent Claudication;

f
CLAU-S = Claudication Scale
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