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GENERAL INTRODUCTION
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Introduction
Peripheral arterial disease (PAD) is a marker of systemic atherosclerosis and is
associated with an increased risk of myocazdial infarction, stroke, and
cardiovasculaz death (1-3). Because of the chronic nature of PAD, health status
(HS) and quality of life (QOL) have become important outcome measures to
determine the effect of disease and treatment (4-6). Recently, it has also been
azgued that patient-based measures should be incorporated into the process of
clinical decision-making (5-8).

Despite this increasing interest in assessing outcomes from patients'
perspective, determinants of HS and QOL in PAD aze still unidentified (7, 9).
Indices of disease severity have been associated with functional impairment in
PAD patíents (10), but aze only partially associated with HS and QOL in these
patients (8, 11, 12). Therefore, other factors have to be examined that may
influence patient-based outcomes in PAD (7).

T'he main focus of this thesis was to understand the overall effects of PAD
on patients' lives and to identify patients at increased risk of poor patient-based
outcomes. Therefore, the current project had two aims. The first aim was to
examine the relationship between specific psychological factors, patient-based
outcomes, and PAD (in terms of invasive treatment). The second aim was to
examine personality as a broad and stable psychological deternunant of patient-
based outcomes that is often overlooked in the context ofPAD.

Before addressing these issues, PAD will be described in terms of general
features, diagnosis, treatment, and patient-based outcomes. Subsequently, the role
of specific and broad psychological factors in PAD will be discussed. Finally, the
present research will be described.

Peripheral arterial disease: an underdiagnosed and undertreated disease
FeaturesofPA.D
PAD is a manifestation of generalized atherosclerosis, which is characterized by
obstruction of the arteries in the lower limbs. Risk factors for PAD are almost
identical to other expressions of atherosclerotic disease, and include: older age,
male sex, hypertension, smoking, diabetes mellitus, and hypercholesterolemia (5,
13-19). Ninety-five percent of the patients with prevalent PAD have at least one of
these risk factors (3). The concurrence of risk factors increases the risk for PAD
(13). One of the most common symptoms of PAD is intermittent claudication (IC)
(20). IC is often described as cramping, painful aching or tightness that usually
occurs in muscle groups of the leg (21). It occurs when blood flow is insufficient to
meet the metabolic demands of leg muscles during ambulation (21, 22). Pain starts
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after a certain walking distance and resolves within a few minutes after the patient
stops walking (13). Patients with IC are limited in their walking capacity due to
pain during ambulation (23, 24). Nevertheless, in many patients with PAD,
symptoms are lacking or minimal, because of development of collateral circulation.
One fourth of all patients with IC will deteriorate to limb threatening ischemia, a
more severe, critical form of PAD (5). Patients with critical limb ischemia not only
have pain duríng walking, but also in rest. In some patients, tissue loss may occur.
Crne to 20~0 of the patients with IC will ever need an amputation ofthe limb (5).

The long-term prognosis for patients with PAD must be considered in the
context of generalized atherosclerosis (13). Patients with PAD are at increased risk
of cardiovascular events and death (5, 13, I5, 25-27), and therefore, their life
expectancy is reduced with approximately ten years (22). The cause of death is
rarely a direct result of PAD (13). About 650~0 of the patients die from coronary
artery or cerebrovascular disease, 250~o die from non-vascular causes and less than
l00~o die from vascular events, such as a ruptured aneurysm (5). Hence, PAD will
play an important role in identifying persons at high risk for death and disability (3,
14). With the increasing number of elderly in the general population, this risk has
been estimated to increase dramatically in the near future (5).

Diagnosis
PAD is a relatively underdiagnosed and undertreated disease (28, 29). Despite the
fact that atherosclerotic risk factors are very prevalent in patients with PAD, these
patients receive less intensive treatment than coronary artery disease patients (29).
In order to improve treatment and risk prevention, physicians first need to become
more aware of diagnosing PAD (29, 30). It is important to differentiate IC from
other causes of leg pain, such as arthritis, and to determine whether a relation exists
between the pain and the degree of exercise (21). An objective way to determine
the presence and severity of PAD is the measurement ofthe ankle-brachial pressure
index (ABPI) (13, 31). The ABPI is defined as the ratio of the ankle systolic blood
pressure to the brachial artery systolic blood pressure, and has a normal resting
value of about 1.0 (32). An ABPI value of~ 0.90 is 950~o sensitive to detect PAD in
the lower extremities (5, 28, 33) and is indicative of generalized atherosclerosis
(34). Moreover, low ABPI levels have been shown to be associated with
cardiovascular disease and mortality (35-38). To obtain objective data on the
functional exercise capacity of patients with IC, treadmill-walking tests are widely
used (39, 40). By using a standardízed treadmill test, the pain-free and maximum
walking distance can be determined in patients with PAD. Moreover, in case the
walking impairments are truly caused by PAD, the treadmill test will show a
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decline in ABPI of at least 20 mmHg (41). Disease severity and the degree of
walking impairment can be classified according to the stages of Fontaine et al.
(42), in which IC can either be classified as stage IIa (pain-free walking distance ~
100 m.) or stage IIb (pain-free walking distance ~ 100 m.). Rutherford et al.
proposed a new classification system to describe the degree of impairment, based
on treadmill walking performance and ABPI, in which IC can be classified as mild,
moderate, or severe (41). The Trans-Atlantic Inter-Society Consensus (TASC)
working group for the diagnosis and assessment of the progression of PAD
recommends the use of the Rutherford classification system (5, 19).

Treatment
Management of patients with PAD and IC is aimed at risk factor modification,
relief of symptoms, and improvements in QOL (13, 25, 27, 43, 44). Treatment
options can be broadly classified into conservative treatment and invasive
treatment.

Conservative treatment often consists of modification of risk factors,
exercise, or pharmacotherapy (13, 45). Risk factors need to be examined in patients
with PAD to reduce the possibility of cardiovascular events (15, 46). Lifestyle
modification, such as smoking cessation, dietary management, and exercise, is very
important when treating risk factors in PAD (21, 28, 47). It has been shown that
regulaz exercise increases the pain-free and maximum walking distance in patients
with IC (5, 48-50). Patients with PAD may also receive pharmacotherapy for risk
factor modification (5). Pharmacologic intervention, such as antiplatelet medication
or lipid-lowering therapies, has been shown to be effective in decreasing the risk of
cazdiovasculaz morbidity and improving long-term survival (43, 47, 51). Although
pharmacotherapy seems to improve symptoms of claudication in some studies (47),
it has not gained widespread acceptance for improving walking distance, because
of lack of evidence (5).

The aim of invasive treatment of PAD is to improve functioning by
improving blood flow (52). Invasive treatment is generally considered for patients
with severe functional limitations, such as life-style limiting IC, or potential for
limb loss (22, 53). Recently, it has been suggested that invasive treatment may also
be considered when symptoms interfere with a patient's daily life or occupational
activities (54), causing poor QOL (5, 13, 55, 56). The use of endovascular
procedures in PAD, such as percutaneous transluminal angioplasty (PTA) and
stenting, has become widespread (5). Surgical procedures such as bypass grafting
aze indicated in a minority of patients with IC. Only when conservative treatment
or endovasculaz procedures aze not effective or possible in PAD patients, surgery is
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considered (5). However, given the risk of possible complications, the indication
for invasive treatment for disabling IC demands a cazeful weighing of advantages
and disadvantages (57).

Patient-based outcomes in PAD
In cardiovascular reseazch, formal patient-based outcome measures such as QOL
aze becoming increasingly important (58, 59). Hence, inclusion of patient-based
outcomes is particulazly relevant in the evaluation of the quality of care for these
patients (6, 60-63). However, the interpretation and comparison of the available
studies on QOL in patients with PAD is difficult due to the various definitions used
for QOL. Concepts like functional status, HS, and QOL aze often used
interchangeably. While functional status only refers to physical functioning, HS
(also frequently called health-related QOL) refers to the impact of disease on
physical, social, and emotional functioning. HS measures quantify how patients are
affected by their disease (59). But this is only one aspect of QOL. According to the
World Health Organization (64, 65), QOL assesses the patient's own perception of
his~ her physical, social, and emotional functioning. It reflects the relative weight
patients give to the different dimensions (62) and it indicates the way patients feel
about their functioning (66). QOL is a broader concept than HS.

With regard to HS, most studies have used the SF-36 (67) as an outcome
measure in patients with PAD (e.g. (55, 68-72). The SF-36 was developed to
measure general health perceptions and eight pazticulaz dimensions of health (57).
It was found that the SF-36 dimensions physical functioning, role limitations due to
physical functioning, and pain are especially negatively affected in patients with
PAD (5). For example, in a study by the Scottish Vascular Audit Group (1995:
(73)) it was shown that patients with IC had significantly worse SF-36 HS scores
than healthy persons. Other frequently used HS measures in patients with PAD aze,
for example, the Nottingham Health Profile (74), the EuroQol Questionnaire (75)
and the Sickness Impact Profile (76) (see, for example, references (69, 77, 78), (11,
70, 79-81), (82, 83)).

In contrast with HS studies, reseazch focusing on QOL in PAD is scarce. In
a recent study by Breek et al. (12), QOL was measured using an adapted version of
the World Health Organization Quality of Life Assessment Instrument-100 (84).
Compared with healthy controls, Breek and colleagues (12) found that patients
with PAD reported a lower QOL. In accordance with HS studies, the main
difference in QOL was found in the facets and domains evaluating physical
functioning. In addition, the patient group reported more negative feelings than the
healthy controls.
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Hence, both HS and QOL are impaired in patients with PAD (4, 5, 8, 60, 85). This
indicates that the impact of PAD and its treatment should not only be evaluated in
terms of objective clinical outcomes, but also in terms of subjective patient-based
outcomes, such as HS and QOL. However, in order to fully comprehend the overall
effects of PAD on the patient's life, it is important to gain more insight into the
determinants of HS and QOL. Although socioeconomic and demographic factors
are important aspects that are taken into account in research on PAD (52, 86-88),
the role of psychological factors in the context of patient-based outcomes in PAD
is still not fully understood. The role of these psychological factors will be further
discussed in the following paragraph.

Role of psychological factors in PAD
Although PAD has an adverse impact on patients' lives, the association between
clinical outcome indicators, like walking distance and ankle brachial pressure
indices (ABPn, on the one hand, and HS and QOL, on the other hand, seems to be
rather small (5, 53, 89). For example, in their prospective observational study,
Chetter and colleagues (11) showed that changes in clinical indicators did not
reflect equal lazge changes in HS. These findings indicate that other factors have to
be identified that may play a role in these outcomes in PAD. Results from studies
in other patient groups have shown that several specific psychological factors, such
as social support, perceived stress, and depressive symptoms, may influence
patient-based outcomes and the process of disease. These findings will be
discussed in the following paragraphs.

Specific psychological factors
Social support may have an important impact on disease and patient-based
outcomes in cazdiovasculaz patient groups. Social support indicators include size of
social network, frequency of contact with members from the social network,
instrumental and socíal support, and the quality of the support (112). Especially the
appraisal and evaluation of the available social relationships (perceived social
support) is an important determinant of general well being (113). Social support
may influence progression of atherosclerotic vascular disease by moderating
patient's health behavior. Social support may facilitate the process of receiving
medical care, diminish stressful factors, or stimulate patients to engage in more
healthy behaviors (114-116). Help with practical tasks from a social support
network may facilitate recovery after hospitalization (117). In contrast, lack of
social support was associated with aversion to invasive treatment in patients with
carotid artery stenosis (114). Social isolation is associated with cardiovascular
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events in cardiac patients (118, 119) and a lower ABPI indicating more severe
PAD (120). These fmdings show the importance of social relationships in
individuals' health (121), but the role of social support in patient-based outcomes
and invasive treatment of PAD is still unknown.

Apart from positive psychological factors such as social support, negative
factors such as perceived stress and depressive symptoms may also play a role in
cardiovascular disease. The role of stress in disease is frequently defined as a
process in which environmental demands exceed the adaptive capacity of a person,
resulting in psychological and biological changes that may place persons at risk for
disease (90). Stress has been related to cardiovasculaz reactivity (91, 92) and
increased risk of cardiovascular events (93, 94), indicating that stress may
contribute to the atherosclerotic process (91). Stress has also been associated with
poor mental HS and impaired QOL (95-98). It is often stated that the degree to
which individuals appraise their situations as stressful may be more important than
the frequency or presence of specific stressful events (90, 99, 100). It has been
suggested that patients' reactions to stressors (which may be not life-threatening,
but are perceived as such), have a negative impact on the atherosclerotic process
(91, 93, 101, 102). These findings show the importance of accounting for perceived
stress in cardiovascular research. Identifying which patients are susceptible to
mental stress may help in reducing adverse health outcomes (92). However, the
role of stress in PAD patients has not been examined yet.

In addition to perceived stress, depressive symptoms have been shown to
be important determinants of disease progression and patient-based outcomes in
several patient groups. Sleep disturbance, loss of appetite, lack of energy, and
feelings of worthlessness and hopelessness aze common depressive symptoms
(103, 104). In coronary artery disease patients, it has been shown that depressive
symptoms are associated with adverse health outcomes (105, 106). This may be
due to the fact that they affect several behavioral risk factors, such as smoking
(10~, physical inactivity (108) and poor compliance to treatment (104).
Furthermore, depressive symptoms are associated with physical decline over time
in elderly community-dwelling persons ( 109). Depressive symptoms have also
been found to cause impairments in health-related QOL (110). In PAD patients,
depressive symptoms have been associated with a greater impairment in lower
extremity functioning (9). Preliminary evidence suggests that PAD may be
associated with an increased risk of depressed mood and that this relationship may
be relat~ to disability in PAD (111). These results indicate the importance of
determining which factors may predict depressive symptoms. However, research
on determinants of depressive symptoms in patients with PAD is still lacking.
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As outlined above, specific psychological factors such as social support, perceived
stress, and depressive symptoms, may play an important role in disease progression
and patient-based outcomes in some patient groups. However, their impact in the
context of PAD is not clear yet. Furthermore, in addition to focusing on specific
psychological factors, there is a need to adopt a broader perspective in order to
identify high-risk patients. However, the role of more broad and stable
psychological factors, such as personality, in PAD is unknown. In the next
paragraph, the role of personality as a general psychological factor will be
discussed.

Personality
General psychological factors such as personality may have much explanatory
power regarding adverse health outcomes (122, 123). Personality refers to a
complex organization of traits that reflect consistencies in the behavior of
individuals and their general affective level (124, 125). However, information
about the influence of personality on HS and QOL in PAD is scarce. To our
knowledge, only a few studies have included personality characteristics in research
on PAD (120, 126). In the Edinburgh Artery Study, personality traits and social
factors were studied as possible predictors of the progression of peripheral
atherosclerosis (120). This study indicated that social and personality factors may
be directly associated with baseline ankle-brachial pressure index levels and
indirectly with progression of atherosclerosis. In another study, Deary and
colleagues azgued that hostile personality might be an independent risk factor for
PAD (126). Patients with peripheral atherosclerosis had more negative personality
characteristics related to hostility; this relationship was particulazly evident in men.
Subjects with PAD had a greater tendency (i) to engage in angry confrontation and
(ii) to dominance rather than passivity.

Despite these preliminary fmdings on specific personality traits such as
hostility, the influence of broad personality characteristics such as neuroticism or
negative affectivity in PAD is still unknown. A potential individual difference
variable in this context is the distressed personality type (Type D). Type D
individuals simultaneously tend to (i) experience negative emotions, and (ii) inhibit
the expression of emotions in social interaction (123). Type D personality
independently predicts morbidity, mortality, and impaired HS in patients with
coronary artery disease (122, 127). Including personality in research on PAD may
help to identify patients who are at increased risk of adverse patient-based
outcomes, such as poor QOL.
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In conclusion, the findings from the studies mentioned in the previous sections
indicate the importance of including specific and general psychological factors in
identifying determinants of outcomes in PAD patients. As noted above, the present
research was specifically designed to address these issues.

The present research
This thesis describes a prospective longitudinal follow-up study in patients with IC.
Between September 2001 and Mazch 2004, consecutive patients presenting with IC
at the vasculaz outpatient clinic of the department of surgery at the St. Elisabeth
Hospital in Tilburg, were asked to participate in the present study. All patients
were newly diagnosed with IC, based on history, physical examination, treadmill-
walking distance, and ABPI. The study was approved by the local ethics
committee, and all patients signed written, informed consent. The studies described
in the present thesis aze based on these data, except for the first study (Chapter 2),
which consists of HS and QOL data from patients with IC that were collected
previously (between 1999 and 2001) in the same hospital.

In the first part of the thesis, the relationship between specific
psychological factors, patient-based outcomes, and invasive treatment of PAD was
examined. This part consists of three empirical studies. In the first study (Chapter
2), we determined the impact of poor HS and QOL on invasive treatment in PAD.
An existing population of 200 consecutive patients with IC was followed up for
one year with regazd to HS, QOL, and hospitalization. Recent findings from
cazdiac populations have shown that impaired HS was an independent predictor of
hospitalization and mortality (128). However, in PAD patients, the impact of
impaired HS and QOL on invasive treatment was still unknown. In addition, the
effect of invasive treatment on HS and QOL was examined after one yeaz of
follow-up. After evaluating the impact of patient-based measures with regard to
invasive treatment, the role of specific psychological factors was examined in
PAD. The second study (Chapter 3) focuses on the role of social support in PAD.
Social support may influence progression of atherosclerotic vasculaz disease.
Therefore, we examined the influence of social support and objective indices of
PAD severity as determinants of invasive treatment in younger and older patients,
in the yeaz following initial diagnosis. Subsequently, Chapter 4 describes the
effect of (i) subjective pain symptoms in the legs and (ii) social support and
perceived stress with regard to impaired HS and QOL in PAD. For this purpose, a
control group was included in the study, consisting of patients with atypical pain
symptoms in the legs not associated with PAD. In this way, we could determine the
effect of disease status (having PAD or not) on HS and QOL.
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The second part of this thesis describes individual differences in personality as a
broad and stable psychological determinant of patient-based outcomes in PAD.
This section also consists of three studies. To determine whether Type D
personality may be dependent on disease status, we examined in Chapter 5 the
effect of Type D personality and disease status (varying degrees of IC) on QOL
and perceived stress in a combined sample of IC patients and healthy controls.
Chapter 6 focuses on the effect of lower ABPI values and Type D personality on
QOL and depressive symptoms measured at six months follow-up in IC patients.
Disease severity indices such as the ABPI have been associated with functional
status, but determinants of impaired QOL and depressive symptoms in PAD are
still not fully understood. Finally, Chapter 7 focuses on the role of individual
difference variables that may affect the clinical course of IC patients. This study
examined the impact of PAD severity, invasive treatment, and Type D personality
on patients' HS at one-year follow-up. In Chapter 8 the main fmdings of the
empirical studies described in this thesis are summarized and theoretical and
practical implications ofthese findings are discussed.
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IlVIPAIRED HEALTH STATUS AND INVASIVE TREATMENT

IN PERIPHERAL ARTERIAL DISEASE:

A PROSPECTIVE ONE-YEAR FOLLOW-UP STUDY~

~` Aquarius AE, Denollet J, Hamining JF, Breek JC, De Vries J. Impaired health
status and invasive treatment in peripheral arterial disease: a prospective one-year
follow-up study. J Yasc Surg 2005;41:436-442
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ABSTRACT
Objective: It has been argued that health status and quality of life (QOL) should be
taken into account in the treatment policy of patients with peripheral azterial
disease (PAD). In cardiac patients, it has been shown that poor perceived health
status is an independent predictor of mortality and hospitalization. We therefore
examined (i) the role of health status, QOL, and clinical indices of disease severity
as determinants of invasive treatment in patients with PAD and (ii) the effect of
invasive treatment on health status and QOL.
Design of study: At their first visit, patients completed the RAND-36 and
WHOQOL questionnaires to assess health status and QOL, respectively. During
the one-year follow-up period, data concerning hospitalization were derived from
the patients' medical files. Furthermore, patients completed the RAND-36 and the
WHOQOL again at one year follow-up.
Setting: A vasculaz outpatient clinic of a teaching hospital in Tilburg, The
Netherlands
Participants: Two hundred consecutive patients newly diagnosed with intermittent
claudication, a common expression of PAD. Diagnosis was based on history,
physical examination, treadmill-walking distance, and ankle-brachial pressure
indices.
Main outcome measures: Invasive treatment of PAD that took place during one-
year follow-up, derived from the patients' medical files. Health status and QOL
after one-year follow-up.
Results: After one-year follow-up, 107 patients (53.So~o) were event free, whereas
77 patients (38.So~o) had been hospitalized for invasive treatment of PAD. Sixteen
patients (80~0) were hospitalized for other cazdiovascular reasons. In a multivariate
logistic regression model, age (OR-0.95;CI-0.91-0.99;p-0.024), pain-free walking
distance (OR-2.74;CI-1.05-7.17;p-0.04) and physical functioning
(OR-4.46;CI-1.79-11.12;p-0.001) were independent predictors of invasive
treatment of intermittent claudication. After one year follow-up, patients who were
treated invasively experienced a significant improvement in their Physical
functioning (p-.004), Role limitations due to emotional problems (p -.018), and
Bodily pain (p-.026).
Conclusions: Patients with poor self-reported physical functioning, limited
walking dístance, and a younger age were likely to be treated invasively. The
physician's clinical judgment about when to intervene adequately reflects the
patient's own opinion about hislher health status. Invasive treatment led to a
significant improvement in patients' health status. These fmdings indicate the
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effectiveness of the strategy to include patients' perceived physical functioning into
the process of clinical decision-making.
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INTRODUCTION
Because of the chronic, progressive nature of atherosclerosis, self-reported health
status and quality of life (QOL) have become increasingly important outcome
measures for evaluating the effect of therapeutic interventions from patients'
perspective (1-3). Coronary artery disease, cerebrovascular disease, and peripheral
arterial disease (PAD) are common expressions of atherosclerosis. Recently, it has
been argued that health status and QOL should also be taken into account in the
treatment policy of PAD patients (4-6). In cardiac patients, it has already been
shown that poor perceived health status is an independent predictor of mortality
and hospitalization (7-11). In PAD patients, pre-operative health perceptions are
related to surgical outcome (12). These preliminary findings indicate the need to
determine the predictive value of health status and QOL measures regarding
invasive treatment of PAD.

The aim of the present prospective study was twofold. First, we wanted to
know whether the physician's clinical judgment in deciding when to intervene
corresponds with the patient's health status and QOL. Therefore, we examined
whether subjective reports of impaired health status and QOL are significant
determinants of invasive treatment of PAD, in addition to clinical indices of PAD
severity. Second, we wanted to lrnow whether patients who underwent invasive
treatment were better of in terms of health status and QOL. Therefore, we
examined the effect of invasive treatment on patients' health status and QOL after
one year of follow-up.

METHODS
Patients
Between January 1999 and June 2000, baseline health status and QOL data were
assessed in 200 consecutive patients presenting with intermittent claudication (IC;
pain during ambulation), a common symptom of PAD, at the vascular outpatient
clinic of the department of surgery at the St. Elisabeth Hospital in Tilburg, the
Netherlands. Patíents were referred by their general practitioners for evaluation and
diagnosis. All patients were newly diagnosed with IC, based on history, physical
examination, treadmill walking, and ankle-brachial pressure indices. IC was
classified as mild, moderate or severe according to the Society for Vascular
Surgery ~ North American Chapter of the International Society for Cardiovascular
Surgery (SVS I ISVCS) (13). The characteristics of the 200 participating patients
are shown in Table 1. The mean age of the total study population was 62.8 years,
ranging from 42 - 83 years.
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Table 1: Baseline characteristics of 200 patients with intermittent claudication
N oro

Male ~ female sex
Mean age (years)
Unilateral ~ bilateral disease
Mean ankle brachial pressure index
Mean pain-free walking distance (m)
Mean maximum walking distance (m)
Mild claudication
Moderate claudication
Severe claudication
Diabetes mellitus
Tobacco use
Hypertension
Hyperlipidemia
Cardiac status
Carotid status
Renal status
Pulmonary status

135I65
62.8 (42-83)
130 I 70
0.62 (0.24-0.95)
100.2 (0-1000)
398.4 (40-1000)
37 18.5
81 40.5
82 41
32 16
132 66
94 47
106 53
64 32
28 14
8 4
20 10

67.5~32.5

65I35

Note: See Appendix I for a detailed description ofthe cardiovascular risk factors.
Midd claudication: completes modified treadmill exercise~`; ankle pressure after
exercise ~ 50 nunHg, but at least 20 mm Hg lower than resting value. Moderate
claudication: between mild and severe. Severe claudication: cannot complete
modified treadmill exercise and ankle-pressure after exercise ~ 50 mmHg.
~` 3,5 km~h on a So~o incline with a maximum of 1000 m.

Detailed descriptions of the study population have been published elsewhere (6). In
brief, IC was suspected in 215 patients and could be confirmed in 207 patients. Of
these patients, seven refused or were not capable to participate. After one year, the
patients were asked to complete health status and QOL questionnaires again. Ofthe
total study group, 156 patients filled in the questionnaires after one year (780~0). Of
the invasively treated patients, 220~o refused to complete the questiormaires at
follow-up, versus 230~0 of the event-free patients. No differences between the
responders and the non-responders were found in age, ABPI, PFWD, MWD,
cardiovascular risk factors, or baseline health status and QOL data. The study was
approved by the local ethical committee, and all patients agreed by written
informed consent.
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Predictors
Disease severity
In all patients, the pain-free and maximum treadmill-walking distance (PFWD and
MWD) and ankle-brachial pressure indices (ABPn were measured as indices of
severity of PAD. The ABPI is defined as the ratio of the ankle systolic blood
pressure to the brachial artery systolic blood pressure, and has a normal resting
value of about 1.0 (14). A value of ~ 0.9 has been shown to be highly sensitive to
detect PAD (5).

Cardiovascularriskfactors
Smoking, hyperlipidaemia, diabetes mellitus, hypertension, cardiac, carotid, renal
and pulmonary status, were registered at baseline according to the SVS ~ ISVCS
(13). In addition, the presence of back, knee, and hip symptoms unrelated to PAD
was also recorded.

Health Status
The RAND-36 item health survey (15, 16) is a 36-item generic health status
measure, which assesses eight concepts: 1.Physical functioning; 2.Social
functioning; 3.Role limitations due to physical problems; 4.Role limitations due to
emotional problems; S.Mental health; 6.Vitality; 7.Bodily Pain; 8.General health
perception. The RAND-36 and the Medical Outcomes Study Short-Form 36 (SF-
36)(17) are similar health status measures; however, concerning the dimensions
Bodily Pain and General health perception, the scoring is somewhat different (15).
The RAND-36 has good reliability and validity (18).

QOL
T'he World Health Organization Quality of Life assessment instrument-100
(WHOQOL-100) is a generic QOL measure that consists of 100 questions
assessing QOL with 24 facets within six domains (19, 20). In the present study, an
abbreviated version of the WHOQOL-100 was used, that had previously been
reduced for the specific patient populatíon (6). This version included three QOL-
domains: 1.Physical health, 2.Leve1 of independence, and 3.Social relationships
(6). The WHOQOL-100 has good reliability and validity (20), and is sensitive to
treatment-related change (21).

Invasive treatment of PAD
Invasive treatment of PAD was used as an endpoint in the present study. Although
the general treatment policy for patients with IC is merely conservative, i.e. three
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months unsupervised exercise training, the advice to quit smoking, and anti-platelet
medication, this does not always lead to significant improvements in (pain-free)
wallcing distance. Invasive therapy is then considered by the vascular surgeon.
However, in case of severe impairment, or when conservative treatment is not
expected to improve patient's functioning, invasive treatment is considered sooner.
During the one-year follow up period, hospital admission was prospectively
examined using the patient records from the participating hospital. All patients who

underwent invasive treatment were hospitalized. Invasive procedures were carried
out in the St. Elisabeth Hospital. In case a patient would have been admitted to
another hospital, or abroad, this information would be obtained from the patient
records of the St. Elisabeth Hospital. Patients, who were not hospitalized at all
during the one-year follow-up period, were considered to be event free. Patients
were excluded if they were hospitalized for other cazdiovascular reasons than
invasive treatment of PAD (Table 2). Furthermore, it was determined whether
hospitalization was early or late. Patients were classified as being hospitalized early
when invasive treatment occurred within three months after inclusion. They were
classified as being hospitalized late if invasive treatment took place after three-
months following inclusion. All 200 patients were followed throughout the study
period with regard to hospital admission.

Statistical analyses
Univariate logistic regression analyses were used to examine the predictive value
of clinical variables, health status, and QOL with regard to invasive treatment for
IC. Therefore, ABPI, PFWD, and MWD were dichotomized into low scores (first
quartile) versus average or high scores. This led to a cut-off score of 0,51 for ABPI,
which is in accordance with previous studies (14, 22). Cut-off scores for PFWD
and MWD were 40 and 130 meters, respectively. In addition, the scores on the
subscales of the RAND-36 and WHOQOL questionnaire were divided into low
scores (first quartile) versus average or high scores. For example, scores on the
RAND Physical functioning scale were considered low if ~ 35 (first quartile).
Healthy elderly (55 - 64 yeazs) have a mean score of 72.7 on this scale, indicating
far better health status (16). The cazdiovasculaz risk factors were dichotomized to
absent or present. Significant health status and QOL predictors derived from the
previous analyses, age, sex, ABPI, and PFWD were included in multivariate
logistic regression analyses (forward conditional method) with invasive treatment
as the endpoint. The final multivariate logistic regression analysis (enter method)
included age, sex, ABPI, PFWD, and the significant health status and QOL
predictors. This model was tested separately for patients who were treaterl early
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and late. The event free patients were used as the reference group. Analyses of
variance (ANOVA) for repeated measures were used to compaze groups
(invasively treated vs. event-free) over time on the eight subscales of the RAND-36
and the three QOL domains. Student's t-tests were performed to compaze
invasively treated patients with event-free patients on health status and QOL at one
yeaz follow-up. All statistical analyses were done using the Statistical Package for
the Social Sciences (SPSS; version 11.5).

RESULTS
After one-year follow-up, 77 patients (38.So~o) had been hospitalized for invasive
treatment of PAD (Table 2). Of these patients, 11 had progressed to rest pain or
pain at night, whereas three patients were treated for tissue loss. One hundred and
seven patients were event free (53.So~o). Furthermore, sixteen patients (80~0) were
hospitalized for other cardiovasculaz reasons, such as coronary artery bypass
grafting (Table 2).

Disease severity and invasive treatment
Using univaziate regression analyses, limited PFWD was found to be a predictor of
invasive treatment, with an odds ratio [OR] of 3.51 (950~o CI - 1.62 - 7.60;
p-0.001). Invasively treated patients had the shortest PFWD (mean 86.8 meters),
whereas event free patients had a mean PFWD of 113.7 meters. Low ABPI and
short MWD were not related to invasive treatment during follow-up. In addition,
smoking (OR-2.04; 950~o CI - 1.06 - 3.92; p-0.034) was the only cazdiovascular
risk factor that predicted invasive treatment in patients with IC. Patients who were
treated invasively were more likely to be a smoker as compared to event free
patients. The presence of back, knee, and hip symptoms (unrelated to PAD), were
unrelated to invasive treatment.

Health status, QOL and invasive treatment
Poor Physical functioning (OR-4.32; 950~o CI - 2.01 - 9.29; p-0.001), Role
limitations due to emotional problems (OR-2.09; 950~o CI - 1.02 - 4.30; p-0.045)
and poor Mental Health (OR-2.02; 950~o CI - 1.01 - 4.02; p-0.046) were
univariate health status predictors of invasive treatment. Concerning QOL, poor
Physical health (OR-2.09; 950~o CI - 1.06 - 4.13; p-0.034) was a predictor of
invasive treatment. Multivariate logistic regression analysis, including the
significant health status and QOL predictors, indicated that RAND-36 Physical
functioning remained as the only independent predictor of invasive treatment of IC
(OR-4.48; 95oro CI - 1.98 - 10.12; p-0.001).
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Table 2: Reasons for invasive treatment of IC (n-77) and other cardiovascular-
related hospitalization (n-16) in patients with intermittent claudication during
oneyear follow up

Invasive treatment of IC

Other

Total hospitalization

Percutaneous transluminal angioplasty 56
Bypass 13
Percutaneous transluminal angioplasty 8i 4
bypass
Endarteriectomy 2
Amputation 2

77Total

Myocardial infarction 4
Angina pectoris 1
Cardioversion 3
Coronary artery bypass grafting 1
Heart failure 2
Atrial fibrillation 1
Angina pectoris and myocardial infarction 1
Angina pectoris and endarteriectomy aorta 1
Transient ischemic attack 1
Percutaneous transluminal angioplasty renal 1

Total
artery

16
93

Independent predictors of invasive treatment
The final multivariate logistic regression analysis, with invasive treatment being
the endpoint, included age, sex, PFWD, ABPI, smoking, and the RAND-36 domain
Physical functioning. Because the previous univariate analyses showed that none of
the other cardiovascular risk factors or the presence of back, knee, and hip
symptoms (unrelated to PAD) could predict invasive treatment in patients with IC,
it was decided to exclude these variables from the final model. Results showed that
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younger age, limited PFWD, and poor Physical functioning were independent
predictors of invasive treatment of IC (Table 3).

Table 3: Independent predictors of invasive treatment of IC using multivariate
logistic regression analysis
Multivariate predictors of invasive OR 95"~o CI p-value
treatment for IC

Poor physical functioning 4.46 1.79 - 11.12 0.001
Pain-free walking distance ~ 40 m 2.74 1.05 - 7.17 0.040
Ankle-brachial pressure index ~ 0.51 0.96 0.39 - 2.33 0.924
Smoking 1.19 0.47 - 2.99 0.716
Covariates:
Age~` 0.95 0.91 - 0.99 0.024
Sex 0.68 0.30 - 1.56 0.366

Note: ~` Age was entered as a continuous variable

The previous analysis yielded both an index of disease severity and a measure of
health status as deternunants of invasive treatment. Therefore, patients were
classified according to their scores on PFWD and RAND-36 scale Physical
functioning (high vs. low), leading to four patient subgroups (Figure 1). The
percentages of invasive treatment were highest in patients with poor Physical
functioning, both with and without limited walking distance. In patients with a
PFWD ~ 40 meters, the percentages of hospitalization differed significantly
between patients with good or poor Physical functioning.

Early versus late invasive treatment
Within the group of invasively treated patients, 45 patients (58.40~0) were
hospitalized early. Thirty-two patients (41.60~0) were hospitalized after the three-
month period following inclusion. To determine whether poor health status
predicted both early and late invasive treatment, the final regression model was
tested separately for patients who were hospitalized early and patients who were
hospitalized late. Younger age (OR-0.95; 950~o CI - 0.90 - 0.99; p~.029) and
poor Physical functioning (OR-4.6; 950~o CI - 1.64 - 12.97; p-0.004) were both
independent predictors of invasive treatment within three months after inclusion,
whereas short PFWD (OR-4.8; 950~o CI - 1.32 - 17.03; p-0.017) and poor
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Physical functioning (OR-4.7; 950~o CI - 1.30 - 16.98; p-0.018) predicted late
invasive treatment.

Figure 1: Invasive treatment as afunction ofpain-free treadmill walking distance
(PFWD) andRAND 36-item health survey subscale Physicalfunctioning at
baseline

Physicat Functioning: O High ~ Low

PFWD s 40m PFWD ~ 40m

Effect of invasive treatment on health status and QOL
Regarding health status, there was a general significant improvement for all
patients in Physical functioning (p ~.0001), Role limitations due to physical
problems (p -.013), and Bodily pain (p ~.0001) (indicating less pain) between 0
and 12 months. The significant interaction effect for time x invasive treatment
indicated that patients who were treated invasively experienced a significantly
greater improvement in their Physical functioning (p-.004), Role limitations due to
emotional problems (p -.018), and Bodily pain (p-.026), as compared to patients
with conservative treatment (Figure 2).
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Figure 2: Health status at 0 and 12 months stratified by invasive treatment
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Concerning QOL, a general improvement was found for all patients in Physical
health (p-.010) and Level of independence (p-.016), whereas Social relationships
had deteriorated (p-.001) between 0 and 12 months. No significant effect was
found for invasive treatment regarding the domains of the WHOQOL. At 12
months follow-up, no significant differences remained in health status or QOL
between invasively treated patients and event-free patients (all p-values ~.22).

DISCUSSION
In the present study, health status and QOL were examined in relation to invasive
treatment in patients with PAD. Results demonstrated that IC patients with poor
physical functioning (RAND-36), a short PFWD, and a younger age, were likely to
be treated invasively. Importantly, invasive treatment led to significant
improvements in patients' health status at one year follow-up. These findings
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indicate the effectiveness of the strategy to include patients' perceived physical
functioning into the process of clinical decision-making.

Given the risk of possible complications and increasing health care costs,
invasive treatment for disabling IC remains controversial (23). IC is generally a
benign condition (24) that mostly requires conservative treatment and modification
of risk factors (25, 26). However, previous studies have shown that IC causes
significant impairments in health status and QOL (27, 28). It has been suggested
that invasive treatment should not only be based on PFWD, but it may also be
considered when symptoms interfere with a patient's lifestyle or occupation (24),
causing poor QOL (5, 29, 30). Patients who underwent invasive treatment were
better of in terms of health status than patients who were treated conservatively,
indicating that including self-reported health status in the decision to intervene was
an effective strategy in the present study.

A younger age and poor physical functioning, as reported by the patients
themselves, were independent predictors of invasive treatment within three months.
Younger claudicants often have more demanding life-styles than older patients;
invasive treatment could therefore be more suitable for these patients. Information
regarding self-reported physical functioning could be very useful for vascular
surgeons when deciding which patients need invasive treatment.

After three months, impaired PFWD and poor physical functioning were
the main reasons for invasive treatment. This may indicate that some patients were
treated conservatively at first, but because of their impaired PFWD and their poor
physical functioning, ít was decided to perform invasive treatment after all. While
PFWD was a strong predictor, none of the other clinical variables such as ABPI or
MWD could predict invasive treatment. Previous studies (31, 32) have shown that
low ABPI was associated with cardiovascular mortality and morbidity in patients
with PAD. In the present study only a small number of patients was hospitalized
because of other cardiovascular reasons than invasive treatment of PAD; it was
therefore not possible to determine the predictive value of ABPI regarding
cardiovascular morbidity as a secondary endpoint. This could be due to the relative
short one-year follow-up period, which is also one of the limitations of the present
study. A longer follow-up period would be better to obtain more information on
morbidity and mortality. Furthermore, McDermott and colleagues (32) found that
patients with an ABPI ~ 0.3, indicating critical limb ischaemia, had significantly
poorer survival than patients with higher ABPI. In the present study, only patients
with IC were included, which could make generalization of the results to other
forms of PAD difficult. Because patients with chronic critical limb ischaemia are



Health status and invasive treatment in PAD 43

often elderly and frail, their long-term survival is worse than in patients with IC
(33).

The fmdings of the present study have implications for further clinical
research and practice. Recent guidelines (2, 5) emphasize the importance of
assessing outcomes from patients' perspective. It is also argued that information
regarding QOL and health status should be included in treatment policy. The
findings from the present study support this notion. Patients who report low
physical functioning were more likely to be treated invasively. It is therefore
important to integrate patient-reported health status and QOL data with the clinical
care of patients with PAD. Although it has previously been stated that surgeons
predict the QOL of IC patients less accurately than patients do themselves (29), the
present study showed that the physician's decision about when to intervene reflects
the patient's own opinion about his~her health status accurately. Moreover, invasive
treatment had a positive effect on patients' health status. For example, patients'
Physical functioning improved by more than 20 points after invasive treatment. By
using objectíve patient-reported health status data in the management of PAD, and
subsequently detecting those patients that report low physical functioning,
outcomes could be improved and more accurate treatment options could be
provided for this patient group in the future.

The present study showed that physical functioning was an independent
predictor of invasive treatment. The health status subscale physical functioning
assesses functional limitations caused by disease. It is a measure of a patient's
functioning. QOL assesses the patient's own evaluation of hislher physical
functioning. In other words: is a patient satisfied or dissatisfied with hislher level of
physical functioning? Only the health status subscale physícal functioning
predicted invasive treatment in multivariate analyses, and not the QOL subscale.
Therefore, we can conclude that the functional limitations caused by disease are the
main determinants of intervention. The reporting of physical symptoms and
impairments (health status) determined invasive treatment, not patients' perception
of the symptoms and impairments (QOL).

In conclusion, these findings demonstrate that the physician's clinical
judgment about when to intervene adequately reflects the patient's health status.
Poor self-reported physical functioning predicted invasive treatment in patients
with IC, even after controlling for clinical variables. The physician's decision
about when to intervene is thus not solely based on clinical indicators like PFWD,
or a younger age, but it also reflects the patient's own opinion about his~her health
status. This may be an effective strategy, since invasive treatment led to significant
improvements in patients' health status at one-year follow-up. Hence, the present
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study provides evidence for the predictive value of perceived physical functioning,
in addition to traditional clinical indicators with regazd to invasive treatment of IC.
Self-reported physical functioning should be assessed in patients with PAD as well,
in addition to traditional clinical measures.
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CHAPTER 3

AGE-RELATED DIFFERENCES IN INVASIVE TREATMENT OF

PERIPHERAL ARTERIAL DISEASE: ANKLE-BRACHIAL INDEX

VERSUS SOCIAL SUPPORT AS DETERMINANTS~`

~` Aquarius AE, Denollet J, Hamming JF, De Vries J. Age-related differences in
invasive treatment of peripheral arterial disease: ankle-brachial index versus social
support as determinants. Submitted for publication
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ABSTRACT
Background: Despite its deleterious effects, peripheral arterial disease (PAD)
remains an undertreated atherosclerotic condition, especially in younger patients.
Social support may influence the seeking of appropriate PAD treatment. We
examined social support and PAD severity as determinants of invasive treatment in
younger versus older patients.
Methods: 203 consecutive patients with newly díagnosed PAD completed the
Perceived Social Support Scale. PAD diagnosis included pain-free and maacimum
treadmill walking distance (PFWD and MWD) and ankle-brachial pressure indices
(ABPI). Patients with non-PAD medical events during follow-up (n-11) were
excluded. The main outcome was invasive treatment for PAD in the year following
diagnosis (n-192).
Results: During follow-up, 93 patients (480~0) underwent invasive treatment of
PAD, and 99 conservative treatment. The predictive value of PAD severity
regarding invasive treatment was age-dependent (ABPI x age interaction, p~.0001;
MWD x age, p~.0001), and younger (~64y; mean-55.9f5.6) patients tended to be
more often invasively treated as compared to older (?65y; mean-72.6f5.4)
patients; SSo~o vs 420~0, p-.062. In younger patients, a high level of social support
(OR,5.44; 95o~oCI, 1.64-18.02; p-.006) predicted a higher rate of invasive
treatment, above and beyond severity of PAD. In older patients, low ABPI
(OR,4.15; 95o~oCI, 1.34-12.89; p-.014) predicted invasive treatment.
Conclusions: Determinants of PAD treatment differed across age-groups: social
support predicted invasive treatment in younger patients, and low ABPI in older
patients. Younger patients with inadequate social support may fail to seek
appropriate treatment, suggesting the need to consider psychosocial factors in
optimizing treatment ofatherosclerotic vascular disease in this high-risk group.
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INTRODUCTION
Peripheral arterial disease (PAD) is a marker of systemic atherosclerosis, which is
associated with an increased risk of stroke, myocardial infazction, and
cazdiovascular death (1-3). Despite it's deleterious effects, PAD remains a
relatively underdiagnosed and untreated disease (4). One of the most frequent
symptoms of PAD is intermittent claudication, i.e. walking-induced pain that is
relieved only by rest (5-7), which can lead to severe limitations in walking ability
(6-8) and impaired quality of life (9, 10).

In younger patients, lifestyle or occupational performance can be strongly
affected by PAD (11, 12). It has been argued that invasive treatment is most
suitable for these patients (13). This requires surgeons to include both disease
severity indices and patient-based characteristics in the process of clinical decision-
malcing (9).

Social support may also influence progression of atherosclerotic vascular
disease by moderating patient's health behavior. Social support may facilitate the
process of receiving medical care, diminish stressful factors, or stimulate patients
to engage in more healthy behaviors (14-16). In patients with cazotid artery
stenosis, lack of social support was associated with aversion to invasive treatment
of their condition (14). Social isolation is associated with cardiovascular events in
cazdiac patients (17, 18) and a lower ankle-brachial pressure index (ABPI)
indicating more disease severity in PAD patients (19). These findings indicate the
importance of social relationships in individuals' health (20), but the role of social
support with regard to invasive treatment of PAD is unknown.

Therefore, the aim of the present study was to examine the relative effect
of social support and objective indices of PAD severity as determinants of invasive
treatment in younger and older patients, in the year following diagnosis.

METHODS
Patients
Between September 2001 and Mazch 2004, a total of 257 consecutive patients
presenting with IC, a common form of PAD, were admitted to the vascular
outpatient clinic of the department of surgery at the St. Elisabeth Hospital in
Tilburg, the Netherlands. All patients were newly diagnosed with intermittent
claudication, based on history, physical examination, treadmill-walking distance,
and ABPI. Six patients were excluded from the study due to cognitive impairment
(two patients), recent myocardial infazction, visual problems, illness (flu), and
participation in another study. Of the remaining 251 patients, 203 (810~0) agreed to
participate (Table 1). No significant differences were found in age, sex, ABPI,



Age-related d~erences in invasive treatment ofPAD 53

maximum walking distance (MWD), pain-free walking distance (PFWD),
cardiovasculaz risk factors or comorbidity between participants and non-
participants. The mean age was 64.5 years, and the majority were men (630~0).
During the one-yeaz follow-up period, four patients (20~0) had died and were
excluded from the study. Seven patients who were hospitalized for other reasons
than invasive treatment of PAD were also excluded, leaving 192 patients for
further analyses. The study was approved by the local ethics committee, and all
patients signed written, informed consent.

Table 1: Baseline characteristics of the 203 patients who agreed to participate in
the study

Mean age (years)(SD)
Male sex
Mean ankle brachial pressure index
Mean pain-free walking distance (m)
Mean maximum walking distance (m)
Diabetes mellitus (n)
Tobacco use (n)
Hypertension (n)
Hyperlipidaemia (n)
Cazdiac status (n)
Carotid status (n)
Renal status (n)
Pulmonary status (n)

64.5 f 10 (40 - 85)
127 63 oro
0.62 (0.23 - 0.95)
113.6 t 141
372.8 ~ 322
39 19 oro
111 55 oro
91 45 oro
105 52 oro
61 30 oro
20 10 oro
8 4 oro
17 8 oro

Note: See Appendix I for a detailed description ofthe cardiovascular risk factors.

Predictors
Disease severity
In all patients, the PFWD, MWD, and ABPI were measured as indices of severity
of PAD. T`he ABPI is defined as the ratio of the ankle systolic blood pressure to the
brachial artery systolic blood pressure, and has a normal resting value of about 1.0
(5). A value of ~ 0.90 is 950~o sensitive to detect PAD (4, 21) and has been shown
to be a strong predictor of cazdiovascular disease and mortality (22). Treadmill-
walking tests were performed to determine PFWD and MWD. Treadmill tests are
widely used to obtain objective information on wallcing ability of patients with
PAD (23).
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Cardiovascularriskfactors
It has been shown that PAD is highly associated with cardiovascular risk factors
like smoking, diabetes, hypertension, and hyperlipidemia. Ninety-five percent of
the patients with prevalent PAD were found to have at least one of these risk
factors (3). In the present study, diabetes mellitus, smoking, hypertension,
hyperlipidemia, and cardiac, cazotid, renal and pulmonary status were measured at
baseline in all patients according to the Society for Vascular Surgery ~ North
American Chapter of the International Society for Cazdiovascular Surgery (SVS ~
ISCVS) recommended standazds (24).

Social support
The total score of the 12-item version of the Perceived Social Support Scale-
Revised (PSSS-12) (25) was used to examine perceived social support from family,
friends, and significant others. The item's rating scale varied from 1(very strongly
disagree) to 7(very strongly agree). In cazdiac patients, reliability and validity were
good (25).

Invasive treatment of PAD
Invasive treatment of PAD, either endovascular or surgical, was used as an
endpoint in the present study. During the one-yeaz follow-up period, hospital
admission was prospectively examined using the patient records from the
participating hospital. All patients who underwent invasive treatment were
hospitalized. Invasive procedures were carried out in the St. Elisabeth Hospital. In
case a patient would have been admitted to another hospital, or abroad, this
information would be obtained from the patient records of the St. Elisabeth
Hospital. Patients, who were not hospitalized at all during the one-yeaz follow-up
period, were considered to be event free. Patients were excluded from further
analyses if they were hospitalized for other reasons than invasive treatment of
PAD, such as coronary artery bypass grafting, or died during follow-up. All
patients were followed up throughout the study period with regazd to hospital
admission.

Statistical analyses
Chi-square tests (dichotomous variables) were used to examine differences
between patient groups. Logistic regression analyses were used to examine the
predictive value of ABPI, PFWD, MWD, and cazdiovasculaz risk factors separately
with regazd to invasive treatment for PAD, after controlling for age and sex.
Therefore, ABPI, PFWD, and MWD were dichotomized into low scores (first
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quartile) vs. average or high scores. This led to a cut-off score of 0.51 for ABPI,
and cut-off scores of 40 and 130 m for limited PFWD and MWD, respectively.
These cut-off scores are in accordance with a previous study (9). T'he
cardiovascular risk factors were dichotomized to absent or present. The total score
of the PSSS-12 was dichotomized into high scores (high levels of social support;
upper tertile; cut-off score ~ 67) vs. average or low scores.

PFWD and MWD were included in a logistic regression analysis (forward
conditional method) to determine which treadmill walking distance measure was
the best predictor of invasive treatment. To examine whether the predictive values
of disease severity indices regarding invasive treatment were age-dependent, the
interactíon terms age x ABPI, and age x treadmill walking distance (either PFWD
or MWD) were analyzed.

To examine the effect of high levels of perceived social support in younger
and older patients sepazately, we included age, sex, ABPI, treadmill walking
distance, cazdiovasculaz risk factors, and the PSSS-12 score in multivariate logistic
regression analyses (enter method) with invasive treatment as the endpoint.
Conservatively treated patients were used as the reference group. All statistical
analyses were performed with the Statistical Package for the Social Sciences
(SPSS) version 11.5 (SPSS Inc, Chicago, Ill).

RESULTS
After one yeaz of follow-up, 99 patients ( 520~0) received conservative treatment,
whereas 93 patients were treated invasively for their PAD condition. Modes of
invasive treatment were percutaneous transluminal angioplasty (PTA; 580~0),
bypass surgery (l lo~o), desobstruction (So~o), endarterectomy (20~0) or combinations
of these interventions (240~0).

Disease severity and invasive treatment
Low ABPI was associated with invasive treatment during follow-up (odds ratio
(OR), 2.32; 950~o confidence interval (CI), 1.13-4.78; p-.022), after controlling for
age and sex. Limited PFWD (OR-2.61, 95o~oCI 1.28-5.30; p-.008) and MWD
(OR-6.17, 95o~oCI 2.70 - 14.07; p~.0001) were also associated with invasive
treatment, controlling for age and sex. Invasively treated patients had a shorter
PFWD and MWD (mean-74 m and 265 m) at baseline, as compared to
conservatively treated patients (mean- 151 m and 472m, respectively). A logistic
regression model indicated that MWD, but not PFWD, remained as an independent
predictor of invasive treatment (p~.001). Therefore, we used MWD as an index of
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treadmill wallcing distance in further analyses. None of the cardiovascular risk
factors predicted invasive treatment.

Age related differences in invasive treatment
To examine whether the predictive value of ABPI I MWD regarding invasive
treatment were age-dependent, the interaction terms ABPI x age and MWD x age
were analyzed. Both the interaction ABPI x age (p~.0001) and MWD x age
(p~.0001) were significant. Given these age-dependent effects of PAD severity as a
predictor of invasive treatment, subsequent analyses were performed in two age
groups of younger and older patients. Younger patients (~64 years;
mean-55.9f5.6, range 40-64) tended to be more often invasively treated as
compared to older patients (?ó5years; mean-72.6f5.4, range 65-85); i.e., rate of
invasive treatment was SSo~o versus 420~0, respectively; p-.062.

Social support and invasive treatment
In both age groups, having a partner was not associated with invasive treatment. In
younger patients, a high level of social support and limited MWD independently
predicted invasive treatment (Table 2). Because in the younger patient group only
one person had a positive renal status, this comorbidity factor was excluded from
the analysis. In older patients, invasive treatment was detemuned by poor ABPI
(Table 2). Subsequent analyses focused on the influence of the three subscales of
social support: support from family, friends, and significant others. In the younger
patients, support from family independently predicted invasive treatment of PAD
during follow-up (OR, 3.55; 95o~oCI, 1.05-12.02; p-.042), after controlling for
disease severity and risk factors. In older patients, none of the social support
subsca.les were related to invasive treatment.

Next, the percentage of patients with invasive treatment was examined for younger
and older patients separately, as a function of social support and ABPI (Figure 1).
Almost 800~0 of younger PAD patients with high levels of social support were
treated invasively for their atherosclerotic condition, vs. only 450~0 of the younger
patients with relatively poor social support (p-.004). Furthermore, while more than
600~0 of the older patients with low ABPI were treated invasively, only 320~0 of
these patients received invasive treatment when their ABPI was relatively moderate
or high (p-.007).
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Table 2: Independent predictors of invasive treatment for PAD in younger vs. older
patients using multivariate logistic regression analysis

Independent predictors of invasive
treatment

OR 95"ro CI p-value

Younger patients
Age~`
Sex
Ankle-Brachial Pressure Index
Maximum treadmill-walking distance
Diabetes mellitus
Tobacco use
Hypertension
Hyperlipidemia
Cardiac status
Carotid status
Pulmonary status
High levels ofsocial support

Older patients
Age~`
Sex
Ankle-Brachial Pressure Index
Maximum treadmill-walking distance
Diabetes mellitus
Tobacco use
Hypertension
Hyperlipidemia
Cazdiac status
Cazotid status
Renal status
Pulmonary status
High levels of social support

0.92 0.81 - 1.03 .152
0.61 0.17 - 2.20 .447
0.83 0.17 - 4.14 .818
15.16 1.53 -150.06 .020
1.89 0.34 - 10.55 .467
2.10 0.66 - 6.65 .207
0.86 0.22 - 3.35 .833
0.92 0.29 - 2.93 .893
1.87 0.44 - 7.92 .395
2.80 0.42 - 18.68 .289
2.20 0.09 - 51.71 .626
5.44 1.64 - 18.02 .006

1.O l 0.89 - 1.09 .991
0.98 0.35 - 2.92 .758
4.15 1.34- 12.89 .014
2.35 0.76 - 7.27 .139
0.74 0.19 - 2.90 .663
1.11 0.40 - 3.11 .844
0.38 0.13 - 1.13 .082
0.93 0.28 - 3.04 .898
0.45 0.13 - 1.59 .215
1.71 0.21 - 13.80 .613
5.54 0.69 - 44.66 .108
0.36 0.07 - 1.96 .238
1.59 0.50 - 5.07 .429

Note: ~` Age was entered as a continuous variable
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Figure 1: Invasive treatment in younger patients (Figure IA) vs. older patients
(Figure IB) as a function of ankle-brachial pressure index (ABPI) and social
support at baseline

1 a. YOUNGER PATIENTS 1 b. OLDER PATIENTS

ao,

ABPI Social support
High Low High Low

- .348

ABPI Social suppart

High Low High Low

DISCUSSION
Despite it's deleterious effects, PAD remains a relatively underdiagnosed and
untreated disease (4). Previously it has been shown that PAD may cause significant
impairments in a patient's lifestyle or occupation, for which invasive treatment
may be considered (26). Especially in younger patients with demanding lifestyles,
invasive treatment is warranted (13). This indicates that the clinical decision to
consider a patient for invasive treatment depends on more than disease status. It is
important to determine which patients are most suitable for invasive treatment of
PAD. Therefore, examining patient-based characteristics that are associated with
invasive treatment has become increasingly important.

The findings of the present study are important in this context. These
findings indicated that high levels of social support - especially from family - and
limited MWD were the main predictors of invasive treatment in younger patients.
In older patients, poor ABPI was associated with more invasive treatment. This
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evidence suggests that both disease severity and patient-based characteristics are
taken into account by the vascular surgeon in the decision to consider a patient for
invasive treatment. As has been suggested previously, treatment should be
individualized based on the degree of life-style limitations that are encountered by
a patient (2~. Younger patients often have a more demanding life style than
elderly patients. In combination with the possible risk of invasive treatment,
rigorous treatment may be more suitable for younger patients (13). The results
from the present study support this notion.

With regard to disease severity, we found that limited MWD was a strong
predictor of invasive treatment for PAD, both in the total study population and in
the group ofpatients younger than 65 years. Moreover, low ABPI was an important
predictor of invasive treatment in the elderly patients. These fmdings are in line
with previous studies (21). It has also been shown in other studies that low ABPI
was associated with cardiovascular mortality and morbidity in PAD patients (28,
29). A longer follow-up period is needed to obtain more information on morbidity
and mortality in the present study. Furthermore, the study did not include patients
with chronic critical limb ischemia. This could make generalization of the results to
other forms of PAD difficult. Patients with chronic critical limb ischemia are often
elderly and frail, and their long-term survival is worse than in patients with
intermittent claudication (30).

Importantly, results from the present study show that younger patients with
adequate levels of social support, especially from their family, may feel
encouraged to seek more appropriate treatment for their symptoms. This indicates
the importance of taking social support into account in the treatment policy of
PAD. Social support makes it easier and more practical for patients to engage in
healthy behavior (16), and may influence disease progression by moderating a
patient's behavior (14). In addition, it may facilitate the process of receiving
medical care and diminish stressful factors (14-16). Patients with high levels of
social support may feel encouraged to seek more rigorous treatment for their
symptoms. Although social support was not associated with invasive treatment in
older patients, it has been shown that help from a social support network with
practical tasks may facilitate recovery after hospitalization (31). Thus, infonnation
regarding patients' social support network could be very useful for vascular
surgeons when deciding which patients are possible candidates for invasive
treatment. It is important to notice that in the present study, having a partner was
not related to invasive treatment for PAD. It is either the combination of support
from fi-iends, family, and significant others, or the received social support from a
patient's family that was related to invasive treatment for PAD.
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In conclusion, the fmdings from the present study provide evidence for the
predictive value of high levels of perceived social support, in addition to traditional
clinical indicators with regazd to invasive treatment of intermittent claudication in
younger patients. These results have implications for further clinical research and
practice. The patient's social network should be taken into account in the treatment
policy of PAD. Information about social support may be useful to a vascular
surgeon when determining whether a patient is a good candidate for invasive
treatment. Furthermore, social support may influence the process of modifying
atherosclerotic risk factors, which is also an important aspect of treatment of
intermittent claudication (27). In case of socially isolated patients, which may fail
to seek appropriate treatment for their condition, health care providers may give
additional (practical) support to improve behavior modification and treatment
adherence, or arrange practical support during a patient's recovery from invasive
treatment. Social support is an important aspect that should be assessed in patients
with PAD, especially in the relatively younger patients with an atherosclerotic
condition.
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ABSTRACT
Hypothesis: Peripheral arterial disease (PAD) patients often experience substantial
impairment in health status and quality of life (QOL), but factors associated with
these outcomes aze unlrnown. We hypothesized that (i) subjective pain symptoms
in the legs and (ii) social support and stress (the degree to which situations are
appraised as stressful) are associated with impaired health status~QOL.
Design: Cross-sectional observational study.
Setting: Vascular outpatient clinic of a teaching hospital.
Patients: Consecutive patients consulting for the first time because of walldng
pain. Diagnosis and severity of PAD were based on history, physical examination,
treadmill-walking distance and ankle-brachial pressure indices (ABPn. PAD
patients (n-188) and patients with atypical leg symptoms (n-57) completed the
PSS10 (perceived stress), PSSS12 (social support), RAND-36 (health status) and
WHOQOL (QOL) questionnaires.
Main outcome measures: Health status and QOL.
Results: Both groups had equally poor health status and QOL, with atypical
patients reporting more bodily pain (p-.004). In PAD patients, ABPI (p-.008) and
perceived stress (p-.001) were associated with maximum walking distance.
Furthermore, the health status domain Physical functioning was affected by ABPI
(p-.002), cardiac disease (p-.005), body mass index (p-.007), and perceived stress
(p~.001). Overall QOL in PAD patients was independently influenced by sex
(p-.036), carotid disease (p-.028), and perceíved stress (p~.001).
Conclusions: Subjective pain in the legs is associated with impaired health status
and QOL. Stress adversely influences PAD patients' health status and QOL, above
and beyond the influence of clinical indicators. These findings indicate the
importance of accounting for perceived stress in PAD patients.
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INTRODUCTION
Peripheral arterial disease (PAD) is a marker of systemic atherosclerotic disease,
which leads to an increased risk of stroke, myocardial infarction, and
cardiovascular death (1-4). One of the most frequent symptoms of PAD is
intermittent claudication (IC); walking-induced pain that is relieved by rest (5, 6).
IC can cause severe limitations in patients' walking ability (7), leading to impaired
physical functioning (2, 5) and a poor QOL (8).

Due to the increased interest in health status and QOL in cardiovascular
research (9, 10), identifying deternunants of these patient-based measures has
become increasingly important (9). Previous studies have shown that disease
severity indices such as the ankle-brachial pressure index (ABPI) only partially
determine patient-based measures (11-13). However, the influence of other factors
on health status and QOL in PAD is not fully understood. Previously, stress has
been related to cardiovascular reactivity (14) and an increased risk of
cardiovascular events (15, 16), indicating that stress may contribute to the
atherosclerotic process (14). Stress has also been associated with poor mental
health status in young adults (17) and impaired QOL in middle-aged women (18).
Another factor that has been shown to influence QOL is social support (17, 19).
Lack of social support has been associated with poor QOL in coronary artery
disease patients (19), and a lower ankle-brachial pressure index (ABPn in PAD
patients, indicating more severe PAD (20).

These findings indicate the importance of not only including disease
severity indices, but also accounting for stress and social support in PAD.
Therefore, the aim of the present study was twofold. First, we examined the effect
of disease status (having PAD or not) with regard to health status and QOL. For
this purpose, we included a control group in the study, consisting of patients with
atypical pain symptoms in the legs not associated with PAD. Second, we examined
whether social support and perceived stress (the degree to which situations within a
person's life are appraised as stressful) are associated with walking impairment,
health status and QOL in PAD.

METHODS
Study population
The study population consisted of patients who visited the vascular outpatient
clinic of the St. Elisabeth Hospital in Tilburg, the Netherlands, for the first time
between September 2001 and March 2004. All patients were referred by their
general practitioners because of wallcing pain. In total, 284 patients were invited to
participate in the study, and 251 patients agreed (880~0). Six patients were excluded
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due to cognitive impairment (two patients), recent myocazdial infarction, visual
problems, illness (flu), and participation in another study, leaving 245 patients in
the study. After their first visit to the vascular surgeon, all patients completed
questionnaires concerning perceived stress, social support, health status, and QOL.
Subsequently, patients were scheduled for a treadmill performance test. Patients
were unawaze of their diagnosis when they completed the questionnaires. The local
ethical committee approved the study. Each patient gave written, informed consent.

The vasculaz surgeon based his diagnosis on history, physical examination,
and the results of the treadmill test (pain-free and maximum treadmill-walking
distance, and ABPn. The majority of the patients (n-188) was diagnosed with IC, a
common symptom of PAD. Their limitations in walking capacity were caused by
obstruction of the arteries in the lower limbs. However, in other patients (n-5~,
the pain symptoms in the legs were not associated with PAD or any other form of
disease at that time. They were diagnosed as patients with atypical pain symptoms
in the legs. As a consequence, they were referred back to their general practitioner.
These patients were included as a control group in the present study.

Measures
Disease severity
In all patients ABPI was measured as index of PAD severity. The ABPI is defined
as the ratio of the ankle systolic blood pressure to the brachial artery systolic blood
pressure, and has a normal resting value of about 1.0 (21). An ABPI value of ~
0.90 is 950~o sensitive to detect PAD in the lower extremities (2, 3) and has been
shown to be a strong predictor of cazdiovasculaz disease and mortality (22). All
PAD patients had an ABPI ~ 0.90, whereas patients with atypical leg symptoms
had an ABPI between 0.90 and 1.29, indicating no PAD (Table 1). This is in
accordance with the cut-off value of 0.90 used in previous studies (23).

Walking impairment
To determine walking impairment, the pain-free and maximum walking distance
were assessed in all patients using a standardized treadmill-walking test. Patients
had to walk on a treadmill on a So~o incline, with a maximum of 1000 m, at a speed
of 3.5 kmlh.

Cardiovascularriskfactors and comorbidity
Diabetes mellitus, smoking, hypertension, hyperlipidaemia, and cazdiac, carotid,
renal and pulmonary status were registered in all patients according to the Society
for Vascular Surgery ~ North American Chapter of the International Society for
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Cardiovascular Surgery (SVS I ISVCS) recommended standards (24). The presence
of back, knee, and hip symptoms unrelated to PAD was also recorded, because this

may also influence patients' walking ability. In addition, body mass indices were
determined in all patients.

Table 1: Characteristics of 188 patients with intermittent claudication and 57
patients with atypical leg symptoms

Intermittent
claudication
patients

Sex (o~o) (male I female)
Mean age (years; SD)
Mean education years (SD)
Partner (o~o)
Mean body mass index (kglm2)
Mean ankle-brachial pressure index
(range)
Mean pain-free walking distance
(SD)
Mean maximum walking distance
(SD)
Diabetes mellitus (o~o)
Tobacco use (o~o)
Hypertension (o~o)
Hyperlipidaemia (o~o)
Cardiac status (o~o)
Carotid status (o~o)
Renal status (o~o)
Pulmonary status (o~o)
Back symptoms (o~o)
Hip ~ knee symptoms (o~o)

Note: SD - standard deviation

63.3 I 36.7
64.7 (9.9)
9.8 (3.1)
64.4
25.8 (5.6)
0.61
(0.23 - 0.89)
111.8
(141.6)
363.4
(320.8)
19.1
54.3
44.1
49.5
27.7
10.1
4.3
8.5
11.7
9.6

Atypical
patients

P-
value

61.4 ~ 38.6 .795
62.1 (10.9) .092
9.6 (3.0) .610
80.7 .020
27.9 (6.7) .019
1.04 ~.001
(0.90 - 1.29)
211.3 .019
(295.1)
526.4 .006
(385.9)
21.1 .760
38.6 .031
42.1 .815
49.1 .915
38.6 .089
14.0 .360
- .121
8.8 .889
26.3 .007
8.8 .856
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Perceived stress
The short 10-item version of the Perceived Stress Scale (PSS10) was used (25, 26).
This questionnaire assesses the degree to which situations within a person's life are
appraised as stressful. Responses were given on a 4-point scale ranging from never
(1) to always (4). The PSS10 measures perceived stress without any loss of
psychometric quality over the PSS 14 items version (25). The PSS has good
reliability and validity (25).

Social Support
The total score of the 12-item version of the Perceived Social Support Scale-
Revised
(27) was used to examine perceived social support from family, friends, and
significant others. The item's rating scale varied from 1(very strongly disagree) to
7(very strongly agree). In cardiac patients, reliability and validity were good (27).

Health Status
The RAND-36 item health survey (RAND-36) (28, 29) is a generic measure, which
assesses eight health concepts: 1.Physical functioning; 2.Social functioning; 3.Role
limitations due to physical problems; 4.Role limitations due to emotional problems;
S.Mental health; 6.Vitality; 7.Bodily Pain; 8.General health perception. Scores on
each dimension of the RAND-36 range from 0-100, in which 100 represents best
functioning or well being. The RAND-36 and the Medical Outcomes Study Short-
Form 36 (SF-36)(30) are similar health status measures; however, conceming the
dimensions Bodily Pain and General health perception, the scoring is somewhat
different (28). The RAND-36 has good reliability and validity (31).

QOL
The World Health Organization Quality of Life assessment instrument-100
(WHOQOL-100) (32, 33) is a generic QOL measure that consists of 100 questions
assessing QOL with 24 facets within six domains. In the present study, an
abbreviated version of the WHOQOL-100 was used, that had previously been
reduced for patients with IC (11). This version included ten QOL facets: the QOL
domain Physical health consists of three facets, and the QOL domain Level of
independence includes four facets. In addition, three separate facets were included,
i.e. Overall quality of life and general health, Negative feelings, and Participation
in and opportunities for recreation I leisure. The WHOQOL-100 has good
reliability and validity (33).
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Statistical analyses
Frequencies and descriptives were used to determine the patient characteristics.
Student's t-tests for independent samples (continuous variables), and chi-square
tests (nominal variables) were used to examine differences between IC and atypical
patients in demographical and medical characteristics, health status, and QOL.
Before we performed multiple regression analyses, we decided to reduce the
number of predictors to prevent loss of statistical power. Therefore, univariate
regression analyses were performed to examine the association between
cardiovascular risk factors, comorbidity (including back, hip, and knee symptoms)
and body mass index (BMI), on the one hand, and maximum walking distance,
health status, and QOL, on the other hand. Because of the relative large number of
scales in both the RAND-36 and the WHOQOL, it was decided to use only one
subscale for each of these questionnaires. In previous research (8), it was found
that the RAND scale Physical functioning was an independent predictor of
hospitalization in PAD at one-year follow up. Therefore, we used this scale to
represent health status. The WHOQOL facet Overall QOL and general health was
used to represent QOL, because it gives a general impression of patients' QOL and
their general health perceptions.

Finally, multiple regression analyses (enter method) were performed for
PAD patients, to examine the influence of social support and perceived stress in
addition to demographics (age, sex) and clinical indicators (ABPI, and, when
significant in univariate analyses: cardiovascular risk factors, comorbidity, or BMI)
on the maximum walking distance, RAND-36 subscale Physical Functioning, and
WHOQOL facet Overall QOL. All statistical analyses were done using the
Statistical Package for the Social Sciences (SPSS; version 11.5).

RESULTS
Baseline characteristics and distribution of risk factors of the participating IC and
patients with atypical pain symptoms are shown in Table 1. Patients with IC were
more likely to smoke (p-.031). Patients with atypical pain symptoms had higher
body mass indices (p-.019), and more often had a partner (p-.020). Despite this,
no significant differences were found with regard to social support between both
groups (p-.287). Since it was part of the diagnosis for PAD, both groups differed
significantly with regard to ABPI (p~.001), pain-free walking distance (p-.019)
and maximum walking distance (p-.006). Furthermore, patients with atypical leg
symptoms were more likely to report back symptoms (p-.007). No other
differences were found regarding cardiovascular risk factors and other comorbidity,
age, sex, education years or perceived stress (p-.573).
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Disease status and health status I QOL
Regarding health status, no significant differences were found between patients
with IC and patients with atypical pain symptoms in the legs, except for Bodily
pain. Patients with atypical pain symptoms in the legs reported more pain than
patients with IC, indicated by the lower scores on the RAND-36 scale Bodily Pain
(p-.004) (Table 2). With regard to QOL, no significant differences between the
patient groups were found (Table 2). Both groups were equally impaired ín their
QOL.

Psychosocial determinants of walking impairment in PAD
Univariately, cardiovascular risk factors, comorbidity, and BMI were not
significantly related to maximum walking distance in patients with IC (data not
shown). However, cazdiac status was nearly significant (p-.071) and was therefore
included in the multivariate regression analysis. Results from the multivariate
analyses showed that ABPI (p-.008) and perceived stress (p-.001) were
independently associated with maximum walking distance in patients with IC
(Table 3). A higher ABPI was associated with a better maximum walking distance.
Furthermore, patients with less perceived stress had a better maximum walking
distance. Social support did not influence maximum walking distance.

Psychosocial determinants of health status in PAD
With regard to the risk factors, univariate analyses showed that cardiac (p-.004),
renal (p-.041), pulmonary (p-.012) and carotid status (p-.057), and hypertension
(p-.079) were (almost) significantly related to Physical functioning. Therefore,
these risk factors were included in the multivariate regression model. Results from
the multiple regression analysis showed that a higher ABPI (p-.002), the absence
of cazdiac disease (p-.005), lower BMI (p-.007), and less perceived stress
(p~.001) were all independently associated with better Physical Functioning in
PAD patients (Table 3). Social support was not related to Physical functioning in
patients with PAD.

Psychosocial determinants of QOL in PAD
Univariate analyses showed that of the risk factors, renal (p-.003) and carotid
status (p-.001) were related to Overall QOL in PAD. In addition, diabetes (p-.093)
and pulmonary status (p-.053) were almost significant. Therefore, these variables
were included in multivariate analyses. Results from the multiple regression
analysis showed that overall QOL in PAD patients was independently influenced
by sex (p-.036), the absence of carotid disease (p-.028), and less perceived stress
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(p~.001) (Table 3). Disease severity (ABPn was not associated with Overall QOL
in PAD patients. In addition, social support did not influence patients' QOL.

Table 2.~ Mean scores and standard deviations with regard to health status and
quality of life in 188 patients with intermittent claudication and S7 patients with
atypical leg symptoms

Intermittent Atypical p -
claudication patients value
patients

RAND-36:
Physical functioning 48.5 (22.3) 51.3 (24.9) .479
Social functioning 71.9 (26.2) 71.4 (26.6) .898
Role limitations due to physical problems 46.3 (41.8) 39.6 (41.4) .309
Role limitations due to emotional problems 63.0 (44.0) 67.3 (42.2) .525
Mental health 69.3 (19.3) 70.4 (21.3) .710
Vitality 54.1 (21.2) 50.0 (21.7) .218
Bodily pain 59.0 (23.0) 49.1 (20.8) .004
General health perception 53.5 (21.2) 54.6 (21.6) .734

WHOQOL:
Overall quality of life and general health 13.6 (2.9) 13.9 (2.8) .462
Physical health 13.1 (2.5) 12.6 (2.4) .183
Pain and discomfort~` 12.2 (2.7) 13.0 (2.6) .065
Energy and fatigue 12.2 (3.2) 12.0 (2.8) .661
Sleep and rest 15.3 (4.2) 14.8 (4.2) .413
Negative feelings~` 9.5 (3.3) 9.6 (3.1) .867
Level of independence 12.8 (2.7) 12.7 (2.4) .723
Mobility 11.4 (2.7) 11.7 (2.4) .385
Activities ofdaily living 13.6 (3.2) 13.2 (2.9) .473
Dependence on medication or treatment~` 11.0 (3.6) 10.9 (3.4) .950
Working capacity 13.4 (3.9) 12.7 (3.7) .270
Participating in and opportunities for 13.7 (3.2) 14.3 (3.2) .217
recreation~leisure
Note: ~` The scores on the QOL facets Pain and discomfort, Negative feelings, and
Dependence on medication and treatments are inversed: high scores indicate poor
QOL
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Table 3: Predictors of maximum walking distance, RAND-36 Physical
Functioning, and WHOQOL Overall qualiry of life and general health in 188
patients with intermittent claudication: results of multiple linear regression
analyses
Dependent variable Predictor Beta RZ total p- value

variable~
Maximum walking distance

Age -.033 .679
Male sex .135 .083
ABPI .209 .008
Cardiac status -.113 .139
Social support -.008 .915
Perceived stress -.253 .001

.155
Physical Functioning Age -.044 .583

Male sex -.016 .838
ABPI .242 .002
Hypertension -.048 .538
Cardiac status -.212 .005
Carotid status -.072 .341
Renal status -.034 .671
Pulmonary status -.076 .303
Body mass índex -.200 .007
Social support -.092 .226
Perceived stress -.433 ~.001

.345
Overall quality of life and
general health Age .060 .376

Male sex -.143 .036
ABPI .049 .462
Diabetes -.037 .555
Carotid status -.146 .028
Renal status -.112 .095
Pulmonary status -.107 .100
Social support . 045 .504
Perceived stress -.535 ~.001

.410
~` Only those variables are shown that were included in the final model
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DISCUSSION
In order to understand the overall effects of having PAD on patients' lives, PAD
should not only be evaluated in terms of objective clinical outcomes, but also in
terms of patient-based measures, such as health status and QOL. Getting more
insight into the factors that are associated with these patient-based measures is
therefore very important. In the present study, we examined (i) the effect of disease
status (having PAD or not) with regard to health status and QOL, and (ii) the effect
of social support and perceived stress on walking impairment, health status and
QOL in PAD. Results showed that poor health status and impaired QOL are related
to pain symptoms in the legs. Furthermore, perceived stress was adversely
associated with PAD patients' walking ability, health status and QOL, above and
beyond the influence of clinical indicators.

Health status and QOL were equally poor in PAD patients and patients
with atypical leg symptoms. When comparing the RAND-36 and WHOQOL scores
of both groups with the average scores of a sample of healthy elderly (13, 29), it
was found that both patient groups were severely impaired in their health status and
QOL. At the time they filled in the questionnaires, patients were unaware of their
disease status. Thus, this cannot have influenced the results. These findings may
suggest that poor health status and impaired QOL are not just the consequence of
diseases status (the presence of PAD). Rather, poor health status and impaíred
QOL are related to pain symptoms in the legs.

Results from the present study showed that ABPI was associated with
walking distance and health status, but ABPI could not predict QOL in PAD
patients. This fmding is in line with previous studies. Whereas indices of PAD
severity may predict functional impairment (34), they only partially deternune
patient-based outcomes such as QOL (11-13).

Although it has been suggested that lack of social support is related to poor
QOL in coronary artery disease patients (19), results from the present study could
not conf'um this notion. In line with studies in other cardiovascular patient groups,
we did find that the level of perceived stress was independently associated with
walking ability and patient-based measures. Patients who experience high levels of
stress aze impaired in their walking ability, physical functioning, and overall QOL.
It has been argued that highly stressed cardiovasculaz patients are at increased risk
of poor QOL (35, 36). It has also been found that cardiovasculaz patients, who
experience high levels of stress, are at increased risk of more adverse health
outcomes (14) such as stroke or coronary heazt disease (15). These fmdings may
suggest the predisposition of some patients to experience higher levels ofperceived
stress than others, irrespective of disease severity. Identifying highly stressed



Clinical indicators and psychosocial aspects in PAD 77

patients enables us to provide more accurate treatment for these high-risk
individuals. For example, psychosocial interventions, aimed at reducing stress,
could be implemented in these patients. Previous studies have already shown the
beneficial effects of stress management programs on patients' QOL (37) and their
cazdiac prognosis (38). Relaxation training and stress management aze effective in
reducing stress in cardiac patients (39). Stress-reducing interventions may lead to
improvements in walking ability, health status, and QOL in PAD patients as well.

The present study has some limitations. Due to the cross-sectional design
of the study, we cannot infer any causal relationship between perceived stress and
patient-based measures. High levels of perceived stress may cause a more negative
perception of health status and QOL, but poor health status and impaired QOL
could also lead to more perceived stress. Despite this cross-sectional design, most
of our findings aze in line with previous studies in other cardiovascular patient
groups. Furthermore, although the atypical patients were PAD-free at the time of
the study, their poor health status and impaired QOL could be an indication of
underlying morbidity. Previous studies have shown that health status and QOL are
both severely impaired in patients with PAD (3, 11). However, in the present study,
the atypical patients had equally poor health status and QOL. This could indicate
the presence of some form of disease. Finally, in the present study, we did not
account for the effect of taking mood-altering medications, such as analgesics,
which could have influenced the results.

In conclusion, the present study showed that poor health status and
impaired QOL aze related to pain syrnptoms in the legs. Furthermore, high levels of
perceived stress adversely influenced PAD patients' walking ability, health status
and QOL, above and beyond the influence of clinical indicators. These fmdings
indicate the importance ofaccounting for perceived stress in PAD patients.
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ABSTRACT
Peripheral azterial disease (PAD) patients often experience a diminíshing quality of
life (QOL) in many domains of their life. However, factors associated with
impaired QOL and perceived stress in these patients aze not fully understood. We
examined the relative effect of disease status and "distressed" or Type D
personality (tendency to experience negative emotions and to be socially inhibited)
on these patient-based outcomes. It has been argued that Type D might be
dependent on disease status; therefore, we examined the effect of Type D in a
combined sample of 150 PAD patients from a teaching hospital and 150 healthy
controls. The DS14, WHOQOL, and PSS10 questionnaires were used to assess
Type D personality, QOL, and perceived stress, respectively. Severity of PAD
(mild, moderate, or severe) was not associated with QOL or perceived stress.
However, PAD patients reported decreased QOL (p~.05) as compazed to healthy
controls. With regazd to personality, Type D persons reported significantly poorer
QOL than non-Type D persons across PAD and healthy subgroups (p~.0001).
After controlling for disease status (presencelabsence of PAD), Type D personality
remained associated with increased risk of impaired QOL (OR-7.35; 95a~oCI:3.39-
15.96,p~.0001) and perceived stress (OR-6.45;95o~oCI:3.42-12.18, p~.0001).
Hence, Type D personality was associated with impaired QOL above and beyond
the impairment already related to having PAD, and was associated with increased
stress in this high-risk populatíon. Type D personality is not merely a function of
PAD, but seems to represent a different determinant ofpatient-based outcomes.
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INTRODUCTION
Assessing patient-based outcomes, such as quality of life (QOL), and identifying
their determinants has become increasingly important in peripheral arterial disease
(PAD). PAD patients often experience a substantial degree of functional
impairment (1) and a poor QOL (2). However, the influence of psychological
factors in PAD is not clear yet. Psychological stress has been related to
cardiovasculaz reactivity (3) and increased risk of cazdiovascular events (4, 5),
indicating that stress may contribute to the atherosclerotic process (3) and that
therapy should be aimed at stress management (5). Type D ("distressed')
personality refers to the tendency to experience psychological stress across
time~situations and has been known to predict morbidity, mortality, and poor QOL
in coronary artery disease (6, 7). The present study examined the effect of Type D
personality and disease status (varying degrees of PAD) on QOL and stress in a
combined sample of PAD patients and healthy controls. We hypothesized that
Type D personality is adversely related to patient-based outcomes, even after
controlling for disease status.

METHODS
Study population
Patients with PAD
Between September 2001 and October 2003, 190 patients presenting with
intermittent claudication, a common form of PAD, were referred to the vasculaz
outpatient clinic of the St. Elísabeth Hospital in Tilburg, the Netherlands, by their
general practitioners for diagnosis. Intermittent claudication was defined as
limitations in patient's walking capacity due to pain, caused by obstruction of the
arteries in the lower limbs (8). Patients were diagnosed based on history, physical
examination, pain-free and maximum treadmill-walking distance, and ankle-
brachial pressure index. Five patients were excluded from the study due to
cognitive impairment ( two patients), visual problems, illness, and participation in
another trial. Of the remaining 185 patients, 150 (810~0) agreed to participate (Table
1). The local ethical committee approved the study. All patients gave written,
informed consent.

Healthy subjects
It has been azgued that Type D personality might be dependent on disease status.
T'herefore, healthy subjects from the general population were included in this
study. Exclusion criteria were comorbidity, medication use, or recent
hospitalizatíon. Data were available from 209 healthy subjects; 150 persons over
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40 years of age were selected, based on age and gender (n - 97 men [64.70~0]; 53
women), as healthy controls for the 150 PAD patients. Despite our attempt to
match for age, the healthy subjects were significantly younger (mean - 53 f 5.2)
than the PAD patients (p- .0001).

Table 1: Characteristics of 1 SO patients with intermittent claudication
n

Mean age (years) 64.1 f 9.5
Mean ankle-brachial pressure index 0.62 f 0.15
Mean pain-free walking distance (meters) 120.3 f 155
Mean maximum walking distance (meters) 384.4 t 325
Male ~ female 97 ~ 53
Mild claudication 44
Moderate claudication 54
Severe claudication 52
Diabetes mellitus 26
Tobacco use 85
Hypertension 63
Hyperlipidaemia 84
Cardiac status 47
Carotid status 17
Renal status 6
Pulmonary status 11

oro

64.7 I 35.3 oro
29.3 oro
36.6 oro
34.7 oro
17.3 oro
56.7 oro
42 0~0
56 oro
31.3 oro
11.3 oro
4 oro
7.3 oro

Independent variables
Disease status
Intermittent claudication was classified as mild, moderate or severe according to
the Society for Vascular Surgery ~ North American Chapter of the International
Society for Cardiovascular Surgery (9). In all patients, pain-free and maximum
treadmill-walkíng distance, and ankle-brachial pressure índex (the ratio of the
ankle systolic blood pressure to the brachial artery systolic blood pressure) were
measured as indices of severity of PAD. The ankle-brachial pressure index has a
normal resting value of about 1.0 (10); a value of ~ 0.9 is highly sensitive to detect
PAD (11, 12).
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Comorbidity
Ninety-five percent of patients with PAD may have at least one cardiovascular risk
factor (13). These risk factors (diabetes mellitus, smoking, hypertension,
hyperlipidemia, and cardiac, carotid, renal and pulmonary status) were measured
according to recommended standards (9).

Type D Personality
The 14-item DS 14 scale was used to measure Type D personality (14). The DS 14
consists of two subscales: negative affectivity (the tendency to experience negative
emotions; e.g. "I often find myself worrying about something") and social
inhibition (the tendency to inhibit self-expression in social interaction; e.g. "I am a
closed kind of person"). The combination of high scores (?10) on both scales
indicates Type D personality. Test-retest correlations are 0.82 and 0.72 for the
social inhibition and negative affectivity scales, respectively, indicating that Type
D personality is stable across time ( 14). It has been shown that assessment ofType
D personality is not mood- or health-state dependent (14).

Patient-based outcomes
QOL
An abbreviated version of the World Health Organization Quality of Life
assessment instrument-100 (WHOQOL-100) was used to measure QOL (15). This
version has been validated in patients with intermittent claudication (16) and
includes ten QOL facets: Physical health (3 facets), Level of independence (4
facets), Overall QOL, Negative feelings, and Participation in recreation I leisure.
The WHOQOL-100 has good reliability and validity ( 15), and is sensitive to
treatment-related change (17).

Perceived stress
The 10-item Perceived Stress Scale (PSS 10) assesses the degree to which situations
within a person's life are appraised as stressful (18). The PSS10 has good
reliability and validity (18).

Statistical analyses
To determine differences in QOL and stress as a function of disease severity (mild,
moderate, and severe) in PAD patients, analyses of variance were performed with
age and sex as covariates. Next, Student's t-tests for independent samples
(continuous variables), and chi-square tests (nominal variables) were used to
examine differences between PAD patients and healthy subjects with regard to
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Type D, QOL and stress. Type D and non-type D persons (both healthy and PAD
subjects), were compared with regard to QOL and stress using Student's t-tests for
independent samples. Subsequently, the role of comorbidity on QOL and stress
was examined in PAD patients (comorbídity was an exclusion criteria for our
healthy sample). Significant comorbidity variables were included into a
multivariate logistic regression model. A multivariate logistic regression analysis
(enter method) was used to examine the relative effect of disease status (having
PAD or not) and Type D personality on QOL and perceived stress, with age, sex,
and comorbidity variables as covariates. For this purpose, scores on the WHOQOL
were dichotomized poor QOL (first quartile) versus average or high QOL, based on
the cut-off scores of the healthy reference group. Likewise, scores on the PSS were
dichotomized into low scores (never to sometimes stress) versus high scores (often
to always stress). To determine differences in QOL and stress in respondent
subgroups, analyses of variance were performed using post hoc Scheffé tests. All
statistical analyses were done using the Statistical Package for the Social Sciences
(SPSS; version 11.5).

RESiJLTS
Severity of PAD
Within the patient group, severity of PAD was not related to Type D personality.
No significant differences were found between Type D and non-Type D patients
with regard to ankle-brachial pressure index (p -.531), pain-free walking distance
(p -.467), or maximum walking distance (p -.437). Type D was equally present
in mild, moderate and severe PAD patients (370~0, 350~0, and 330~0, respectively).
With regard to QOL or perceived stress, no differences were found between mild,
moderate, and severe PAD (Table 2). These fmdings warranted further analyses in
which patients with mild, moderate, and severe PAD were merged into one
category of PAD. None of the cardiovascular comorbidity variables were
associated with QOL or perceived stress (data not shown). Therefore, comorbidity
variables were not included in further analyses.

PAD patients versus healthy subjects
Patients with PAD were severely impaired in their QOL as compared to healthy
subjects (Table 3). For example, PAD patients had a mean sore of 12.9 on Level of
independence, whereas the healthy persons had a mean score of 18.1. PAD patients
also reported more perceived stress than the healthy subjects.
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Table 2: Mean quality of life and perceived stress scores (and standard deviations)
as afunction of disease severity in the peripheral arterial disease population (n -
1 SO), after controlling for age and sex

Mild Moderate Severe p-
PAD PAD PAD value

WFIOQOL Physical 13.3 (2.8) 12.9 (2.8) 13.5 (2.0) .483
health
Pain and discomfort~` 12.1 (2.8) 12.1 (2.7) 12.4 (2.4) .838
Energy and fatigue 12.6 (3.5) 11.7 (3.3) 12.8 (2.7) .165
Sleep and rest 15.5 (4.1) 15.0 (4.5) 16.0 (3.8) .484

WHOQOL Level of 13.3 (2.8) 12.7 (2.6) 12.7 (2.5) .508
independence
Mobility 11.7 (2.7) 11.3 (2.6) 11.2 (2.7) .621
Activities of daily living 14.1 (3.3) 13.5 (3.3) 13.5 (3.0) .564
Dependence on medication 10.8 (3.5) 11.5 (3.5) 11.2 (3.5) .669
or treatment~`
Working capacity 14.1 (3.8) 13.4 (3.9) 13.1 (3.8) .540

WHOQOL separate
facets:
Overall quality oflife and 13.5 (2.8) 13.2 (3.1) 14.0 (2.7) .337
general health
Negative feelings~` 10.2 (3.3) 9.0 (3.4) 9.4 (2.9) .175
Participating in and 13.8 (3.5) 14.0 (3.2) 13.8 (2.6) .942
opportunities for
recreation~leisure

Perceived stress 19.7 (5.1) 20.5 (5.8) 19.9 (5.1) .759
Note: ~` The scores on the quality of life facets Pain and discomfort, Negative
feelings, and Dependence on medication and treatment are inversed: high scores
indicate low quality of life
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Table 3: Mean qualiry of life and perceived stress scores (and standard deviations)
according to disease status and Type D status

WHOQOL Physical
health
Pain and discomfort~`
Energy and fatigue
Sleep and rest

WHOQOL Level of
independence
Mobility
Activities of daily
living
Dependence on
medication or
treatment~`
Working capacity

WHOQOL separate
facets:
Overall quality of life
and general health
Negative feelings~`
Participating in and
opportunities for
recreation~leisure

PAD Healthy p- Type D Non p-
value Type D value

13.2 (2.6) 16.1 (2.0) .0001 12.6 (2.5) 15.3 (2.4) .0001

12.2 (2.6) 8.2 (2.4) .0001 12.3 (2.7) 9.5 (3.1) .0001
12.3 (3.2) 15.9 (2.2) .0001 11.6 (3.1) 14.9 (2.9) .0001
15.5 (4.1) 16.5 (3.1) .016 14.4 (4.1) 16.5 (3.4) .0001

12.9 (2.7) 18.1 (1.4) . 0001 13.1 (3.3) 16.3 (3.0) .0001

11.4 (2.7) 17.8 (2.3) .0001 12.1 (3.6) 15.4 (3.9) .0001
13.7 (3.2) 17.7 (1.9) .0001 13.2 (3.3) 16.4 (2.9) .0001

11.2 (3.5) 4.8 (1.7) .0001 10.2 (4.1) 7.2 (4.0) .0001

13.6 (3.8) 17.7 (2.0) .0001 13.0 (3.9) 16.5 (3.2) .0001

13.6 (2.9) 16.9 (2.1) .0001 12.9 (2.8) 16.0 (2.7) .0001

9.5 (3.2) 8.1 (2.4) .0001 11.17 (2.7) 8.0 (2.6) .0001
13.9 (3.1) 16.2 (2.2) .0001 12.6 (2.8) 15.8 (2.5) .0001

Perceived stress 20.1 (5.3) 17.6 (3.8) .0001 22.5 (4.1) 17.7 (4.4) .0001
Note: ~` The scores on the quality of life facets Pain and discomfort, Negative feelings, and
Dependence on medication and treatment are inversed: high scores indicate low quality of
life

Type D personality and patient-based outcomes
Type D subjects reported significantly poorer QOL across PAD and healthy
samples (Table 3). For example, Type D persons had a mean score of 11.6 on
Energy, while non-Type D persons scored nearly 15, indicating better QOL. Type
D subjects also reported more perceived stress than the non-Type D subjects.
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Disease status and Type D personality as predictors of QOL I perceived stress
Type D personality was significantly more prevalent in patients with PAD than in
healthy controls (,~ (1) - 19.02; 34.9 0~o vs. 13.3 oro; p~.001). Therefore,
multivariate analyses were performed to determine the relative influence of both
disease status (having PAD or not) and Type D personality on outcomes (Table 4).
PAD was associated with a substantial decrease in all aspects of QOL, and with a
decrease in the level of independence in particular. Type D personality was
significantly associated with impaired QOL, adjusting for disease status, age, and
sex. Type D personality and female sex, but not disease status, were significantly
associated with perceived stress (Table 4).

Table 4: Predictors of impaired quality of life and perceived stress in the total
study group (n - 300) (multivariate logistic regression analyses)

Predictors OR 95oro CI

WHOQOL
Physical health Age~`

Female sex
Diagnosis ofPAD
Type Dpersonality

WHOQOL
Level of independence Age~`

Female sex
Diagnosis ofPAD
Type D personality

WHOQOL
Overall Quality of life
and general health Age~`

Male sex
Diagnosis ofPAD
Type D personality

Perceived stress Age~`
Female sex
Diagnosis of PAD
Type Dpersonality

P-
value

1.01 0.97 - 1.04 .709
1.67 0.94 - 2.96 .083
6. 76 3.43 -13.33 . 001
4. 80 2.40 - 9. 58 . 001

1.02 0.96 - 1.07 .582
1.01 0.49 - 2.09 .983
46.35 17.31-124.13 .001
3. 61 1. 48 - 8. 79 . 005

0.99 0.95 - 1.03 .572
1.63 0.86 - 3.08 .131
1S.84 7.33 - 34.23 . 001
7.35 3. 39 -1S. 96 . 001
1.03 0.99 - 1.06 .187
2. 64 1. 49 - 4. 68 . 001
1.86 0.93 - 3.73 .081
6.45 3.42 -12.18 . 0001

Note: ~` Age was entered as a continuous variable
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Because disease status and personality were both associated with QOL, we
classified the subjects according to the presence or absence of PAD and Type D
personality, which led to four subgroups. PAD patients with Type D personality
were most impaired in their Physical health, Level of independence and Overall
QOL, and reported the highest levels of perceived stress (Figure 1). Subgroup
analyses showed no differences between healthy Type D subjects and non-Type D
PAD patients in Overall QOL (p-.469), Physical health (p-.364), and perceived
stress (p-.370). Healthy Type D subjects were equally impaired in their QOL and
reported the same high stress levels as compared to non-Type D PAD patients.

Figure 1: Overall quality oflife (1 a), Physical health (1b), Level ofindependence (1c),
and Perceived Stress (1d) stratified by disease and Type D status

~ Type D O Non-Type D

, ~ - ~ , 11 ~ ~ ' -~
PAD patients Healthy subjects PAD patients Healthy subjects

(1c) 19 ~ P- .0001
~c
~ 17 1
cá
~ 15~
CH
~
~ 13
sdJ

11 16
PAD patients Healthy subjects

P- .0001

PAD patients Healthy subjects
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In the present study, both Type D personality and PAD were associated with
impaired QOL. Hence, Type D personality was associated with impaired QOL, in
addition to the impairment already related to having PAD. Type D and female sex,
but not disease status, were associated with increased stress. Type D personality is
not merely a function of PAD, but seems to represent a different deternunant of
patient-based outcomes.

In line with the present findings, previous studies have shown that the
relation between PAD severity indices and patient-based outcomes is rather weak
(16, 19-21). Although measures of disease severity may predict functional
impairment (1), they only partially determine QOL (16, 19, 20). Unfortunately,
little is known about the impact of personality factors on QOL in patients wíth
PAD. In cardiac patients, it has been demonstrated that personality is associated
with impaired QOL (6). Factors associated with impaired QOL in patients with
PAD aze not fully understood. However, the present study showed a significant
relation between personality and QOL in patients with PAD.

To our knowledge, only a few studies have included personality
characteristics in research on PAD (22, 23). Results from the Edinburgh Artery
Study showed that social deprivation and personality factors like hostility were
directly associated with baseline ankle-brachial pressure index and indirectly with
progression of atherosclerosis (22). In addition, Deary and colleagues azgued that
hostile personality might be an independent risk factor for PAD (23). The results
from the present study correspond with these findings. Type D personality had an
adverse effect on health outcomes such as QOL and perceived stress, adjusting for
demographic and disease variables. As is already shown in cardiac patient groups
(24-26), and in PAD patients (2), impaired QOL is associated with an increased
rate of hospitalization. In addition, patients with high levels of perceived stress are
at increased risk of stroke and coronary artery disease (4). Despite these fmdings,
the influence of personality is still often ignored, whereas age and sex are
traditionally included in cardiovasculaz research as individual difference variables.
The present fmdings demonstrate the need to study risk factors that may predict
poor QOL and perceived stress in patients with PAD. Our findings indicate the
importance of including personality in research on PAD as a determinant of
adverse health outcomes.

This study has some limitations. First, due to logistic reasons, pain-free and
maximum treadmill-walking distance, and ankle-brachial pressure could not be
measured in the healthy subjects. It has been shown that some PAD patients have
latent disease or are asymptomatic even (27). Therefore, there is no guarantee that
PAD is absent in the healthy group. Second, PAD patients were significantly older
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than their healthy controls. Despite our attempt to match for age, it was not
completely possible to find an age-and sex-matched control for each patient.
Because this difference could influence our results, age was used as a covariate in
our analyses. Third, patients with ischemic rest pain or tissue loss were not
included in the present study. Because patients with chronic critical limb ischemia
are often elderly and frail, their long-term survival is worse than in patients with IC
(28), which could influence their QOL. Fourth, due to the cross-sectional study
design, we cannot infer any causal relationship between Type D, and QOL.
However, the effect of Type D personality on QOL is in accordance with previous
prospective studies that used 5 - 10 year follow-up periods in patients with CHD
(6, 29). Therefore, the findings of the present study warrant future prospective
research on Type D personality in PAD.
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ANKLE-BRACHIAL INDEX AND TYPE D PERSONALITY AS

PREDICTORS OF IMPAIRED QUALITY OF LIFE AND DEPRESSIVE

SYNIPTOMS IN PERIPHERAL ARTERIAL DISEASE~

~` Aquarius AE, Denollet J, Hamming JF, Van Berge Henegouwen DP, De Vries J.
Ankle-brachial index and Type D personality as predictors of impaired quality of
life and depressive symptoms in peripheral arterial disease. Submitted for
publication
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ABSTRACT
Background: The ankle-brachial pressure index (ABPI) has been associated with
functional status, but factors associated with impaired quality of life (QOL) and
depression in patients with peripheral arterial disease (PAD), are not fully
understood. We therefore examined the role of PAD severity and personality as
predictors of these clinically significant outcomes.
Methods: Participants were 150 PAD patients from a teaching hospital. At
baseline, ABPI and treadmill-walking distance were used to assess PAD severity,
and the DS 14, WHOQOL and CES-D scales to assess "distressed" (Type D)
personality, QOL and depressive symptoms, respectively. The QOL~depression
scales were again completed after six months follow-up.
Results: The six-month follow-up indicated that Type D personality predicted poor
physical health (OR-3.94;CI-1.60-9.67;p-.003), decreased level of independence
(OR-4.26;CI-1.69-10.73;p-.002), poor overall QOL (OR-4.72;CI-1.73-
12.88;p~.01), and increased risk of depressive symptoms (OR-8.SS;CI-3.01-
24.25;p~.001), after controlling for age, sex, and cardiovascular risk factors.
Indices of PAD severity (ABPI, walking distance) did not predict QOL or
depressive symptoms at follow-up.
Conclusions: Type D personalíty, but not ABPI, independently predicted
individual differences in QOL and depressive symptoms in patients with PAD.
These findings indicate the importance of including personality in research on PAD
as a determinant of adverse health outcomes.
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INTRODUCTION
Peripheral arterial disease (PAD) is a marker of systemic atherosclerotic disease,

which leads to an increased risk of stroke, myocardial infarction, and

cardiovascular death (1-3). Male sex, older age, diabetes, smoking, hypertension,

and hyperlipidaemia are risk factors for PAD (4, 5). The chronic nature of PAD has

made prevention of atherosclerotic progression and relief of symptoms such as pain

in the legs the main treatment goals (6).
Patients with PAD often experience a substantial degree of functional

impairment (7) and a diminishing quality of life (QOL) in many domains of their

life (8-10), which leads to progressively limited independence (1). These

decrements in functional status and QOL may be associated with clinically

significant levels of depressive syxnptoms in PAD patients (11, 12). The ankle-
brachial pressure index (ABPI) is a sensitive measure of PAD severity that may
predict functional impairment (7). However, standard indices of PAD severity only
partially determine patient-based outcome indices such as QOL (10, 13, 14).
Hence, factors associated with impaired QOL and depressive symptoms in patients
with PAD are not fully understood (12, 15). Among other things, the influence of
psychological factors in the context ofPAD is not quite clear yet.

Therefore, the aim of the present follow-up study was to examine the effect
of lower ABPI values and personality on QOL and depression in PAD. Evidence
suggests that specific personality traits such as hostility may be associated with the
severity and progression of atherosclerosis in patients with PAD (16, 17). Little is
known, however, about the role of more broadly defined personality traits such as
neuroticism or negative affectivity in this context (18). The distressed personality
type (Type D) refers to the tendency to experience emotional distress, and
independently predicts depressive syrnptoms, morbidity, and mortality in patients
with coronary artery disease (19, 20). Preliminary evidence in a combined sample
of PAD patients and healthy controls suggests that Type D personality may be
associated with impaired health status above and beyond the impairment already
related to having PAD (21). In the present study, we examined the impact of PAD
severity and Type D personality as determinants of QOL and depressive symptoms
measured at six months follow-up in PAD patients, after adjusting for standard
cardiovascular risk factors.
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METHODS
Patients
Between September 2001 and October 2003, a total of 190 consecutive patients
presenting with intermittent claudication (IC), a common form of PAD, visited the
vascular outpatient clinic of the department of surgery at the St. Elisabeth Hospital
in Tilburg, the Netherlands. IC was defined as limitations in patient's walking
capacity due to pain, caused by obstruction of the arteries in the lower limbs (22).
All patients were diagnosed with IC, based on history, physical examination,
treadmill-walking distance, and ABPI. Five patients were excluded from the study
due to cognitive impairment (two patients), visual problems, illness (flu), and

participation in another study. Of the remaining 185 patients, 150 (810~0) agreed to
participate. Baseline characteristics and distribution of risk factors of the 150

participating patients with PAD are shown in Table 1. Mean age was 64.1, ranging
from 40-85 years and the majority were men (n-97). All PAD patients completed
measures of Type D personality, QOL and depressive symptoms at baseline. QOL
and depressive symptoms were re-assessed at six months follow-up. The local
ethical committee approved the study. All patients gave written, informed consent.

Table 1: Characteristics of I SO patients with intermittent claudication

Mean age (years) (SD)
Mean ankle-brachial pressure index (SD)
Mean pain-free walking distance (meters) (SD)
Mean maximum walking distance (meters) (SD)
Male I female sex
Diabetes mellitus
Tobacco use
Hypertension
Hyperlipidaemia
Cardiac status
Carotid status
Renal status
Pulmonary status

64.1 (9.5)
0.62 (0.15)
120.3 (155)
384.4 (325)
97 ~ 53 64.7 I 35.3 oro
26 17.3 oro
85 56.7 oro
63 42 oro
84 56 oro
47 31.3 oro
17 11.3 oro
6 4 oro
11 7.3 oro

Note: See Appendix I for a detailed description ofthe cardiovascular risk factors
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Disease severity
In all patients, the pain-free and maximum treadmill-walking distance (PFWD and
MWD), and the ABPI were measured at baseline as indices of PAD severity. The
ABPI is defined as the ratio of the ankle systolic blood pressure to the brachial
artery systolic blood pressure, and has a normal resting value of about 1.0 (23). A
value of ~ 0.9 is 950~o sensitive to detect PAD (1, 2) and has been shown to be a
strong predictor of cardiovasculaz disease and mortality (24).

Cardiovascular risk factors
It has been shown that PAD is highly associated with cazdiovasculaz risk factors
like smoking, diabetes, hypertension, and hyperlipidaemia. Ninety-five percent of
the patients with prevalent PAD were found to have at least one of these risk
factors (4). In the present study, diabetes mellitus, smoking, hypertension,
hyperlipidaemia, and cardiac, carotid, renal and pulmonary status were measured at
baseline in all patients according to the Society for Vascular Surgery I North
American Chapter of the International Society for Cardiovascular Surgery
(SVSIISCVS) recommended standards (25).

Type D Personality
The 14-item Type D personality Scale (DS14) was used to measure Type D
personality (18). All questions consist of a 5-point Likert-type scale, ranging from
0 to 4. The DS14 consists of two subscales, i.e. negative affectivity (the tendency
to experience negative emotions) and social inhibition (the tendency to inhibit the
expression of emotions in social interaction). High scores (~ 10) on both scales
indicate Type D personality. Both subscales have good reliability; Cronbach's a is
.88 and .86, respectively (26).

QOL
The World Health Organization Quality of Life assessment instrument-100
(WHOQOL-100) was used to measure QOL (27, 28). The WHOQOL-100 is a
generic QOL measure that consists of 100 questions assessing QOL with 24 facets
within six domains. In the present study, an abbreviated version of the WHOQOL-
100 was used, that had previously been reduced for patients with internuttent
claudication (10). This version included ten QOL facets: the QOL domain Physical
health consists of three facets, and the QOL domain Level of independence
includes four facets. In addition, the questionnaire consisted of three separate
facets, i.e. Overall QOL and general health, Negative feelings, and Participation in
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and opportunities for recreation ~ leisure. The WHOQOL has good reliability and
validity (28), and is sensitive to treatment-related change (29).

Depressive symptoms
The Center for Epidemiological Studies Depression Scale (CES-D) was used to
measure current depressive symptoms (30). The CES-D questionnaire is widely
used and easy to administer, especially in older adults (31). In the present study,
the Boston form (10 items) was used (32), which consists ofdichotomous response
options. Patients were asked to indicate (yes or no) if they had experienced each
symptom "much of the time during the past week" (32). The CES-D 10-item
version has good reliability (Cronbach's a-.88) and a sensitivity of 970~o to detect
major depression according to the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition criteria (31). In accordance with Irwin and colleagues
(31), we used a cut-off score ~ 4 to detect depressive symptoms.

Statistical analyses
Indices of PAD severity (ABPI, PFWD, and MWD) were dichotomized into low
scores (first quartile; indicating poor ABPI or limited walking distance) versus
average or high scores. This resulted in a cut-off score ~ 40 meters to indicate
limited PFWD and a cut-off score ~ 130 meters for short MWD. A cut-off score ~
0.50 was found to indicate low ABPI, which is in accordance with previous studies
(23, 33). Cardiovascular risk factors were dichotomized into present or absent. To
detect differences in QOL and depressive symptoms at baseline, we used student's
t-tests for independent samples and chi-square tests in which we compared patients
on the basis of the dichotomized ABPI, PFWD and MWD scores. Subsequently,
we examined differences in QOL and depressive symptoms between Type D
patients and non-Type D patients at baseline. Multivariate logistic regression
analyses (enter method) were used to examine the relative prognostic power of
PAD severity and Type D personality with regard to QOL and depressive
symptoms at six months follow-up, after controlling for age, sex and
cardiovascular risk factors. Therefore, scores on the WHOQOL questionnaire were
dichotomized into low scores (first quartile; indicating poor QOL) versus average
or high scores. Finally, using Student's t-tests for independent samples, we
compared patients with an ABPI ~ 0.50 with patients with an ABPI ~ 0.50 to detect
differences in QOL and depressive symptoms at six months follow-up. Then,
differences in QOL and depressive symptoms at six months follow-up were studied
between Type D patients and non Type D patients.
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Statistical analyses were done using the Statistical Package for the Social Sciences
(SPSS; version 11.5).

RESULTS
ABPI, walking distance, and QOL ~ depressive symptoms at baseline
Patients wíth an ABPI ~ 0.50 had significantly poorer QOL with regard to Mobility
(p- .020) and Working capacity (p- .027) than patients with an ABPI ~ 0.50. No
differences were found in depressive symptoms. Patients with a short PFWD did
not differ in QOL or depressive symptoms compared to patients with a PFWD ~ 40
meters. Finally, patients with a limited MWD (~ 130 meters) were more impaired
in their QOL with regard to Level of independence (p- .003), Mobility (p- .011),
Activities of daily living (p- .037), and Working capacity (p- .008) than patients
with a MWD ~ 130 meters. Patients did not differ with regard to depressive
symptoms.

Type D personality and QOL ~ depressive symptoms at baseline
Results showed that 34.90~0 of the patients had a Type D personality. Patients with
Type D personality had significantly poorer QOL scores on all aspects than the
non-Type D patients. In addition, depressive symptoms were present in 38.30~0 of
the Type D patients versus 4.30~0 of the non-Type D patients (Table 2).

Determinants of QOL and depressive symptoms at six months follow-up
Next, we determined the influence of PAD severity (ABPI, PFWD, and MWD) and
Type D personality on QOL and depressive symptoms at six months follow-up,
after controlling for age, sex, and cazdiovascular risk factors. Type D personality,
but not PAD severity, was an independent predictor of all QOL aspects and
depressive symptoms (Table 3). Furthermore, some cazdiovascular risk factors also
predicted these outcomes. For example, low Overall QOL and General Health was
independently predicted by Type D personality, diabetes, and smoking.

QOL ~ depressive symptoms at siz months as a function of ABPI and Type D
To illustrate the effect of Type D personality on QOL and depressive symptoms at
six months follow-up, we stratified patients first according to their ABPI (~ or ~
0.50), and second, according to their Type D personality status. No significant
differences were found in QOL and depressive symptoms at six months follow-up
between PAD patients with an ABPI ~ 0.50 and PAD patients with an ABPI ~ 0.50
(Figure 1). However, Type D patients reported significantly lower Overall QOL
and general health (Figure lb), poorer Physical health (Figure lc), lower Level of
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independence (Figure ld), and more depressive symptoms (Figure la) than the non

Type D patients at six months follow-up.

Table 2: Mean scores (and standard deviations) on the abbreviated version of the

WHOQOL-100 and the CES-D in Type D and non Type D persons with PAD at
baseline

pAD p - value
Type D Non-Type D

WHOQOL Physical health 11.7 (2.0) 14.1 (2.4) ~.001
Pain and discomfort~` 13.4 (1.9) 11.5 (2.7) ~.001
Energy and fatigue 10.5 (2.5) 13.3 (3.0) ~.001
Sleep and rest 13.9 (4.4) 16.4 (3.7) ~.001

WHOQOL Level of independence 11.3 (2.0) 13.7 (2.6) ~.001
Mobility 10.4 (2.1) 11.9 (2.8) .001
Activities of daily living 11.8 (2.3) 14.7 (3.1) ~.001
Dependence on medication or treatment~` 12.3 (2.7) 10.6 (3.7) .002
Working capacity 11.4 (3.2) 14.8 (3.6) ~.001

WHOQOL separate facets:
Overall quality of life and general health 12.0 (2.5) 14.4 (2.8) ~.001
Negative feelings~` 11.6 (2.6) 8.4 (3.0) ~.001
Participating in and opportunities for 11.9 (2.7) 14.9 (2.7) ~.001
recreation~leisure

CES-D Depression (sum score ~ 4) 38.3a~o 4.30~0 ~.001

Note: ~`The scores on the QOL facets Pain and discomfort, Negative feelings, and
Dependence on medication and treatments, are inversed: high scores indicate low
QOL
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Figure 1: Depressive symptoms (1a) and quality of dife (1 b-1 d) at six months
follow-up, stratified by low ABPI or Type Dpersonality

1 a. DEPRESSIVE SYMPTOMS 1 b. OVERALL QUALITY OF LIFE
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DISCUSSION
In the present study, we examined the relative effect of PAD severity and Type D
personality on QOL and depressive symptoms at six months follow-up in patients
with PAD. Indices of PAD severity did not predict QOL and depressive symptoms
at follow-up, whereas Type D personality was an independent predictor of these
outcomes, even after controlling for cardiovascular risk factors.

Previous studies have shown that indices of PAD severity (ABPI, PFWD)
may be associated with the degree of functional impairment (7, 34). However, the
relation between disease severity indices and patient-based outcomes such as QOL
or depressive symptorns is rather weak (10, 12-14). Identifying the determinants of
adverse health outcomes such as low QOL or depressive symptoms is important
because of their impact on the health care system. In cardiac patients, it has been
shown that poor perceived health status independently predicts death and
hospitalization (35-37). In PAD patients it has recently been found that impaired
health status is an independent predictor of invasive treatment (8). Furthermore,
psychological factors such as chronic stress and depression have been clearly
associated with the development and progression of coronary artery disease (38).
McDermott and colleagues already showed that depressive symptoms were
associated with a greater impairment in lower extremity functioning, but they also
indicated the need to detemune the way in which these depressive symptoms may
lead to impaired physical functioning (12).

The present findings demonstrate the need to study risk factors that may
predict low QOL and depressive symptoms in patients with PAD, above and
beyond traditional indices of disease severity such as ABPI and walking distance.
Breek and colleagues showed that comorbidity had a significant impact on QOL in
patients with PAD (10). In line with this, we found that comorbidity, such as
diabetes or hyperlipidaemia, independently predicted QOL in PAD patients.
Furthermore, our results showed that Type D personality was retained as an
independent predictor of low QOL and depressive syrnptoms, even after
controlling for disease severity and cardiovascular risk factors, indicating a stable
effect of personality. These fmdings indicate the importance of including
personality in research on PAD to identify patients who are at increased risk of
adverse health outcomes. To our knowledge, only a few studies have included
personality characteristics in research on PAD (16, 17, 21). Results from the
Edinburgh Artery Study showed that social deprivation and personality factors like
hostility were directly associated with baseline ABPI and indirectly with
progression of atherosclerosis (16). In addition, Deary and colleagues argued that
hostile personality might be an independent risk factor for PAD (17). Preliminary



Quality of life and depressive symptoms in PAD 111

evidence in a combined sample of PAD patients and healthy controls suggests that
Type D personality may be associated with impaired health status above and
beyond the impairment already related to having PAD (21). The results from the
present study correspond with these findings. Type D personality had an
independent effect on adverse health outcomes such as poor QOL and depressive
symptoms. As is already shown in cardiac patient groups (35-37), and in PAD
patients (8) impaired QOL is associated with adverse health outcomes such as
hospitalization. Despite these findings, the influence of personality is still often
ignored, whereas age and sex are traditionally included in cardiovascular research
as individual difference variables.

This study has some limitations. First, patients with ischemic rest pain or
tissue loss were not included in the present study. This could be an explanation for
the fmding that disease severity had no influence on QOL and depressive
symptoms. By including patients with critical limb ischaemia, a more
heterogeneous patient group could be obtained, possibly leading to a larger effect
of dísease severity on QOL and depressive symptoms. Second, six months is a
relatively short follow-up period to measure QOL and depressive symptoms.
However, the effect of Type D personality on QOL and depressive symptoms was
stable, and in accordance with previous studies that used 5- 10 year follow-up
periods (19, 39).

In conclusion, Type D Personality, but not PAD severity, added to the
predictive power of traditional cardiovascular risk factors in terms of QOL and
depressive symptoms at six months follow-up. These fmdings indicate the
importance of including personality in research on PAD. Type D personality may
help to identify PAD patients who are at increased risk of adverse health outcomes,
such as increased hospitalization or poor QOL.
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ABSTRACT
Background: Peripheral arterial disease (PAD) patients often experience a poor
health status, but subgroup differences associated with this patient-based outcome
are not fully understood. Therefore, we examined the impact of PAD severity,
invasive treatment, and "distressed" or Type D personality on patients' health
status at one-year follow-up.
Methods: At baseline, 203 consecutive patients with newly diagnosed PAD
completed the DS 14 and the RAND-36 questionnaires to assess Type-D
personality and health status, respectively. PAD severity included pain-free and
maximum treadmill walking distance and ankle-brachial pressure indices; data
concerning invasive treatment were derived from the patients' medical files. The
main outcome was health status (RAND-36) at one year after initial diagnosis.
Results: Overall, health status improved between baseline and one-year follow-up.
Invasive treatment led to significant improvements in health status domains
Physical functioning (p-.005) and Pain (p-.003), and PAD severity independently
predicted health status at follow-up. Type D patients had significantly poorer health
status scores than non-Type D patients at baseline (all p-values~.01) and at one-
year follow-up (p-values~.05). After adjusting for age, sex, PAD severity, and
invasive treatment, Type D personality remained as an independent predictor of all
of the health status domains, except for Physical functioning. Accordingly, Type D
personality independently predicted increased risk for both poor General health
(OR-3.70, 95o~oCI-1.69-8.08, p-.001) and poor Mental health (OR-6.01,
95o~oCI-2.44-14.79, p~.0001) at one yeaz following diagnosis ofPAD.
Conclusions: Despite an overall improvement, Type D patients remained more
impaired in one-year health status than non-Type D patients, indicating the stable
adverse effect of Type D over time. Individual differences, including personality,
should be accounted for when evaluating health status in PAD.
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INTRODUCTION
Because of the chronic nature of the atherosclerotic process, self-reported health
status has become an important outcome measure in cazdiovascular research (1).
Peripheral arterial disease (PAD) is a marker of systemic atherosclerosis, which is
associated with an increased risk of stroke, myocardial infarction, and
cardiovasculaz death (2-4). One of the most frequent symptoms of PAD is
intermittent claudication (IC), i.e. walking-induced pain that is relieved only by rest
(5-7). PAD patients often experience a substantial degree of functional impairment
(8) and a poor quality of life (9-11). Indices of PAD severity may predict
functional impairment (8), but they only partially determine patient-based
outcomes such as health status (12-14). Invasive treatment of PAD may improve
health status (9). However, other factors associated with health status in patients
with PAD are not fully understood (15), and the influence of subgroup differences
in the context of PAD is not cleaz yet. Traditionally, age and sex have been
included in research on PAD (16, 17), but this reseazch needs to identify other
individual difference variables that may affect the clinical course ofPAD patients.

A potential individual difference variable in this context is the distressed
personality type (Type D); i.e., the tendency to experience psychological stress
across timelsituations (18, 19). Type D adversely affects the clinical course and
health status in patients with coronary artery disease (18, 19) and heart failure (20).
Preliminary evidence in a combined sample of PAD patients and healthy controls
suggests that Type D personality may be associated with impaired health status
above and beyond the impairment already related to having PAD (10). Hence,
Type D personality is not merely a function of atherosclerotic vascular disease, but
rather may represent a distinctly different determinant of patient-based outcomes.
However, prospective research on the effects of Type D personality on health
status in PAD patients is still lacking.

Therefore, the aim of the present prospective study was to evaluate the
impact of PAD severity, invasive treatment of PAD, and Type D personality on
patients' health status at one-year follow-up.

METHODS
Patients
Between September 2001 and March 2004, a total of 257 consecutive patients
presenting with IC, a common form of PAD, were admitted to the vascular
outpatient clinic of the department of surgery at the St. Elisabeth Hospital in
Tilburg, the Netherlands. All patients were newly diagnosed with intermittent
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claudication, based on history, physical examination, treadmill-walking distance,
and ankle-brachial pressure index (ABPI). Six patients were excluded from the
study due to cognitive impairment (two patients), recent myocardial infarction,
visual problems, illness (flu), and participation in another study. Of the remaining
251 patients, 203 (810~0) agreed to participate (Table 1).

Table 1: Baseline characteristics of the 203 patients who agreed to participate in
the study, stratified by Type Dpersonality

Type D Non-Type p-
D value

Demographics
Mean age (SD) 62.7 (t9.9) 65.5 (f9.8) .060
Male sex (o~o) 60 66 .400
Disease severity
Mean ankle-brachial pressure index (SD) 0.65 (f0.16) 0.61(f0.16) .098
Mean pain-free walking distance 101 (f87) 122 (f165) .329
in meters (SD)
Mean maximum walking distance 345.4 (f289) 385 (f338) .417
in meters (SD)
Clinical factors
Diabetes mellitus (o~o) 23 18 .437
Tobacco use (o~o) 62 49 .084
Hypertension (o~o) 49 43 .390
Hyperlipidaemia (o~o) 55 52 .649
Cardiac status (o~o) 35 28 .299
Carotid status (o~o) 13 8 .263
Renal status (o~o) 6 3 .388
Pulmonary status (o~o) 7 9 .700

Note: See Appendix I for more detailed information about the cardiovascular risk
factors

No significant differences were found in age, sex, ABPI, maximum walking
distance (MWD), pain-free wallcing distance (PFWD), cardiovascular risk factors
or comorbidity between participants and non-participants. The mean age was 64.5
years, and the majority were men (630~0). During the one-year follow-up period, 4
patients (20~0) had died. Seven patients were hospitalized for other reasons than
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invasive treatment of PAD and were therefore excluded from follow-up analyses,
leaving 192 patients for further analyses. After one year, the patients were asked to
complete the health status questionnaire again. Of the total study group, 167
patients (870~0) agreed. The study was approved by the local ethics committee, and
all patients signed written, informed consent.

Measures
PAD severity
In all patients, the PFWD, MWD, and ABPI were measured as indices of PAD
severity. The ABPI is defined as the ratio of the ankle systolic blood pressure to the
brachial artery systolic blood pressure, and has a normal resting value of about 1.0
(5). A value of ~ 0.90 is 950~o sensitive to detect PAD (21, 22) and has been shown
to be a strong predictor of cardiovascular disease and mortality (23). Treadmill-
walking tests were performed to determine PFWD and MWD. Treadmill tests are
widely used to obtain objective information on walking ability of patients with
PAD (24).

Clinicalfactors
It has been shown that 950~0 of the patients with prevalent PAD have at least one
cardiovascular risk-factor (4). In the present study, diabetes mellitus, smoking,
hypertension, hyperlipidemia, and cazdiac, cazotid, renal and pulmonary status
were measured at baseline in all patients according to the Society for Vasculaz
Surgery I North American Chapter of the International Society for Cardiovasculaz
Surgery (SVS I ISCVS) recommended standazds (25).

During the one-year follow-up period, hospital admission was
prospectively examined using the patient records from the participating hospital.
All patients who underwent invasive treatment (either endovascular or surgical)
were hospitalized. Invasive procedures were carried out in the St. Elisabeth
Hospital. In case a patient would have been admitted to another hospital, or abroad,
this information would be obtained from the patient records. Patients, who were not
hospitalized at all during the one-year follow-up period, were considered to be
event free. All patients were followed up throughout the study period with regard
to hospital admission. Patients were excluded from follow-up analyses ifthey were
hospitalized for other reasons than invasive treatment of PAD, such as coronary
artery bypass grafting.
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Type D Personality
The 14-item Type D personality Scale (DS14) was used to measure Type D

personality (26). All questions consist of a 5-point Likert-type scale, ranging from

0 to 4. The DS14 consists of two subscales, i.e. negative affectivity (the tendency

to experience negative emotions) and social inhibition (the tendency to inhibit the
expression of emotions in social interaction). High scores (?10) on both scales
indicate Type D personality. Both subscales have good reliability; Cronbach's a is
.88 and .86, respectively (27). Type D personality was measured in all patients at
baseline.

Health Status
Health status was measured at baseline and at 12 months follow-up using the 36-
item RAND-36 item health survey (28, 29). The RAND-36 assesses eight
concepts: 1.Physical functioning; 2.Social functioning; 3.Role limitations due to
physical problems; 4.Role limitations due to emotional problems; S.Mental health;
6.Vitality; 7.Bodily Pain; 8.General health perception. The RAND-36 and the
Medical Outcomes Study Short-Form 36 (SF-36)(30) are similar health status
measures; however, concerning the dimensions Bodily Pain and General health
perception, the scoring is somewhat different (28). The RAND-36 has good
reliability and validity (31).

Statistical analyses
Chi-square tests (dichotomous variables) and Student's t-tests (continuous
variables) were used to examine differences between patients. Analyses of variance
(ANOVA's) with repeated measures were used to compare between group
differences (Type D vs. non-Type D, and invasive treatment vs. conservative
treatment) over time on the eight health status domains. Because we wanted to use
one measure of treadmill walking distance, PFWD and MWD were included in a
regression analysis to determine which treadmill walking distance measure was the
strongest predictor of health status. Subsequently, stepwise multiple regression
analyses were performed to examine the influence of demographics (block 1),
disease severity, comorbidity, and invasive treatment (block 2), and Type D
personality (block 3) on the eight health status domains at one-year follow-up.
Finally, multivariate logistic regression analyses (enter method) were conducted to
determine the impact of Type D personality regarding poor physical and
psychological health status, after controlling for age, sex, ABPI and MWD. For this
purpose, the RAND-36 domains Mental health and General health were recoded
into discrete variables: the lowest quartile indicated poor health status. All
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statistical analyses were performed with the Statistical Package for the Social
Sciences (SPSS) version 11.5 (SPSS Inc, Chicago, Ill).

RESULTS
Changes in health status
Between baseline and one-yeaz follow-up, there was an overall improvement in
health status. Patients experienced significant improvements in Physical
functioning and Bodily pain (p ~.0001), Social functioni.ng, Role limitations due to
physical problems, Role limitations due to emotional problems, and Vitality
(p~.01), and Mental health (p~.05). General health, however, did not improve
significantly during follow-up (p-.077).

During the follow-up period, 93 patients (480~0) were treated invasively for
their PAD condition, whereas 99 patients received conservative treatment. Modes
of invasive treatment were percutaneous transluminal angioplasty (580~0), bypass
surgery (l lo~o), desobstruction (So~o), endarterectomy (20~0) or combinations of these
interventions (240~0). Invasive treatment led to significant improvements in health
status domains Physical functioning and Pain, as indicated by the significant
interaction effects for time x invasive treatment (p-.005 and p-.003, respectively).

Type D personality and health status
Thirty-six percent of the PAD patients were classified as Type D. No significant
differences were found between Type D and non-Type D patients regarding
demographics, disease severity (ABPI, PFWD, MWD), cardiovascular risk factors
or comorbidity (Table 1). However, Type D's had significantly poorer health status
scores than non-Type D PAD patients at baseline (all p-values~.01)(Figure 1).

Figure 1: Health status at baseline and at oneyearfollow-up stratified by Type D
personality
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Figure 1(continued): Health status at baseline and at oneyearfollow-up stratified
by Type Dpersonality
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At one-year follow-up, health status remained significantly more impaired in Type
D patients as compazed with non-Type D patients (p-values ~.OS), except for
Physical functioning (p-.454). The interaction effect for time x personality was
non-significant, indícating a stable influence of Type D personality on health status
over time (Figure 1).

Predictors of health status at one-year follow-up
Several baseline characteristics predicted health status at 12 months follow-up
(Table 2). With regazd to disease severity, a longer MWD was an independent
predictor of better health status on all domains, while ABPI predicted Mental
health, Vitality, and General health (Table 2). In addition, invasive treatment for
PAD was an independent predictor of health status domain Bodily pain (Table 2).
Patients who were treated invasively for their PAD, reported less pain than patients
with conservative treatment.

After adjusting for all demographic and clinical variables, Type D
personality remained as an independent predictor of all of the health status
domains, except for Physical functioning (Table 2). In general, Type D patients had
significantly poorer health status than non-Type D's. Importantly, both disease
severity and Type D personality independently predicted the one-year level of
Social functioning, Role limitations due to physical problems, Mental health,
Vitality, and General health perception. Invasive treatment or the presence of risk
factors did not influence these health status domains. However, Bodily pain was
affected by a combination of predictors, consisting of PAD severity, the presence
ofcomorbidity, invasive treatment and Type D personality.

Type D and impaired health status at one-year follow-up
Subsequently, we examined which subgroup of patients was at increased risk of
poor physical and psychological health status. Of note, 460~0 (n-26~57) of Type D
patients experienced a poor General health versus only 180~0 (n-20~110) of the non-
Type D patients (p~.0001). Likewise, 420~0 (n-24I57) of the Type D patients had a
poor Mental health at follow-up, versus llo~o (n-12I110) of the Non-Type D
patients (p~.0001). Multivariate logistic regression analyses showed that Type D
PAD patients were at a substantially increased risk for both poor General health
(OR-3.70, 95o~oCI-1.69-8.08, p-.001) and poor Mental health (OR-6.01,
95o~oCI-2.44-14.79, p~.0001), after adjusting for demographics and disease
severity (Table 3).



Individual differences in health status 127

Table 2: Predictors of health status at oneyear follow-up based on stepwise
multivariate regression analyses with demographics as Block 1, disease severity,
risk factors, and invasive treatment as Block 2, and Type D personality as Block 3

RAND-36 Domains Predictors R Stand. F
B

Physicalfunctioning Maximum walking distance .246 .265 2.73~`

Social functioning Maximum walking distance .263
Type D personality .242 -.367 3.24~`~`~`

Physicalproblems Maximum walking distance .280
Type D personality .271 -.287 3.48~`~`~`

Emotionalproblems Maximum walking distance .203
Pulmonary status -.224
Type D personality .200 -.240 2.40

Mental health Ankle-brachial index -.188
Maximum walking distance .212
Type D personality .274 -.404 3.75~`~`~`

Vitality Ankle-brachial index -.167
Maximuxn walking distance .329
Type D personality .276 -.359 3.83~`~`~`

Bodily pain Maximum walking distance .289
Hypertension -.215
Carotid status -.210
Invasive treatment .215
Type D personality .276 -.160 3.82~`~`~`

General health Ankle-brachial index -.288
Maximum walking distance .331
Type D personality .330 -.303 4.90~`~`~`

Note: ~`significant at p~.05 level,~`~`significant at p~.01 level,~`~`~`significant at
p~.001 level
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Table 3: Independent predictors of impaired health status using multivariate
logistic regression analysis
Impaired health status Multivariate OR 95"~o CI p-

predictors value
Poorgeneral health

Poormental health

Age 1.02 0.97 - 1.06 .444
Male sex 2.12 0.90 - 5.01 .087
Ankle-brachial 1.03 1.00 - 1.06 .045
pressure index
Maximum walking 0.77 0.65 - 0.92 .003
distance
Type D 3.65 1.67 - 7.98 .001
personality

Age 0.99 0.95 - 1.04 .742
Male sex 0.75 0.29 - 1.91 .545
Ankle-brachial 1.01 0.98 - 1.05 .379
pressureindex
Maximum walking 0.83 0.69 - 0.99 .046
distance
Type D 5.97 2.43 - 14.71 ~.0001
personality

Note: Age and ankle-brachial pressure index were entered as continuous variables
Maximum walking distance was entered as a discrete variable with increasing
intervals of 100 meters

DISCUSSION
In the present prospective study, we evaluated the impact of Type D personality
and disease severity as independent predictors of patients' health status at one-year
follow-up. Results showed an overall improvement in health status during follow-
up. Patients who were treated invasively for PAD improved in their physical
functioning and pain. Despite the general improvement in health status, Type D
patients still had a significantly poorer health status at follow-up. Accordingly,
invasive treatment (positively) and Type D personality (negatively) were both
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independently associated with health status at one-year follow-up, adjusting for
demographics, comorbidity, and disease severity indices.

Health status has become an important independent patient-based outcome
measure in cardiovascular research (1, 32). In cardiac patients, impaired health
status has been shown to be an independent predictor of poor health outcomes such
as mortality and hospitalization (32-34). In PAD patients, it was only recently
found that impaired health status independently predicted invasive treatment (9).
However, the majority of the cardiovascular research on health status has been
conducted in patients with coronary artery disease or heart failure. Less is known
about health status in PAD patients, and the way treatment affects this important
patient-based outcome, despite the fact that these patients undergo many
procedures. Therefore, identifying PAD patients at increased risk of poor health
status is very important.

Previous studies have shown that walking-induced pain is associated with
severe impairments in health status (14, 35). The results of the present study
confirm these fmdings. We found that disease severity indices such as MWD were
independently associated with health status. Patients, who were less impaired in
their walking distance, reported better health status. Furthermore, it has been
shown previously that invasive treatment may improve health status (9). The
present study also showed that invasive treatment was associated with
improvements in physical functioning and bodily pain at one-year follow-up, but
did not affect the other health status domains. These findings suggest that invasive
treatrnent may be mainly associated with improvements in physical aspects of
health status among PAD patients. However, other factors that may influence
health status in PAD are not fu11y understood (15).

One line of research may be studying health status in subgroups of PAD
patients. Traditionally, age and sex have been included in research on PAD (16,
17). Women with PAD had a higher prevalence of leg pain on exertion and rest,
poorer functioning, and greater walking impairment from leg symptoms than male
PAD patients (16). In older PAD patients, objective measures of disease severity
are correlated with self-reported, disease-specific and generic quality of life (17).
In the present study, age and sex were not statistically significant related to health
status at follow-up, although there was a trend that men were at increased risk of
poor general health. Other individual difference variables have to be identified that
may affect the clinical course of PAD patients.

The present fmdings may be important in this context. We found that
health status was strongly influenced by Type D personality. This fmding is in line
with previous studies, in which Type D personality predicted poor quality of life in
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coronary artery disease patients (18) and in heart failure patients (20). We found
that Type D patients reported significantly poorer health status than non-Type D
patients across the baseline and follow-up measurement points. Despite the relative
improvement in health status, Type D patients still had a significantly poorer health
status at one-year follow-up as compared to non-Type D's. This fmding indicates
the stability of individual differences in Type D personality as a predictor of poor
health status in PAD over time.

This study has some limitations. First, patients with ischemic rest pain or
tissue loss were not included in the present study. By including patients with
critical limb ischemia, a more heterogeneous patient group could be obtained,
possibly leading to a larger effect of ABPI on health status. Second, one year may
be a relatively short period to evaluate changes in health status. However, the effect
of Type D personality on health status was stable, and in accordance with previous
studies that used 5- 10 year follow-up periods (18, 36).

The fmdings of the present study have implications for further clinical
research and practice. Recent guidelines (1, 22) emphasize the importance of
assessing outcomes from patients' perspective. It is also argued that information
regarding health status should be included in treatment policy. The findings from
the present study support this notion. Type D patients had poorer health status both
at baseline and at one-year follow-up. When evaluating outcomes such as health
status in the management of PAD, it is important not only to examine the total
patient group, but also to look at specific subgroups ofpatients. Type D personality
should be accounted for in addition to age and sex, to examine individual
differences between patients. Identifying high-risk patients and providing more
accurate treatment options for these patients, may help to improve their health
status.

In conclusion, these findings demonstrate the need to study risk factors that
may predict poor health status in patients with PAD, in addition to indices of
disease severity and invasive treatment. Despite the general improvement in health
status, Type D patients remained more impaired in their health status than non-
Type D patients, indicating the stable adverse effect of Type D on health status
over time. Personality should be included when evaluating health status in PAD.
Hence, the present study provides evidence for the predictive value of Type D
personality, in addition to traditional clinical indicators and invasive treatment with
regard to health status in PAD.
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Introduction
The present research project focused on the overall effects of peripheral arterial

disease (PAD) on patients' lives. The primary aim of the study was to examine the

relationship between specific psychological factors, patient-based outcomes, and
invasive treatment of PAD. The second aim was to examine personality as a broad
and stable psychological determinant of patient-based outcomes in PAD. In this

chapter, the main fmdings ofthe present research and their implications for clinical
research and practice are discussed.

Specific psychological factors in peripheral arterial disease
The first part of this thesis showed that specific psychological factors are important
determinants of invasive treatment and patient-based outcomes in PAD. Patients
with poor health status (HS) or high levels of social support were more likely to be
treated invasively. This suggests that patient-based psychological factors play an
important role in the physician's decision about when to intervene.

In the first study (Chapter 2), which was based on data collected between
1999 and 2001 (1), HS and quality of life (QOL) were studied as determinants of
invasive treatment in patients with PAD, and the effect of invasive treatment on
health status and QOL was evaluated. Patients completed HS and QOL
questionnaires at their first visit and at one-year follow-up. Results demonstrated
that baseline impaired physical functioning, short pain-free walking distance, and a
younger age, were determinants of invasive treatment. Importantly, invasive
treatment led to significant improvements in patients' HS at one-year follow-up.
These findings not only indicate the clinical relevance of HS and QOL as important
patient-based measures, they also suggest that physicians already take patients'
own opinion about their HS into account in clinical decision-making. Information
regarding self-reported physical functioning may therefore be very useful for
vascular surgeons when deciding which patients need invasive treatment.

Younger patients often have a more demanding life style than elderly
patients. In combination with the possible risk of disease progression, rigorous
treatment may be more suitable for younger patients (2). Therefore, in the second
study (Chapter 3), we examined the relative effect of social support and PAD
severity as determinants of invasive treatment in younger versus older patients,
based on data collected between 2001 and 2005. Patients with newly diagnosed
PAD completed a questionnaire on perceived social support. Results showed that
the determinants of invasive treatment differed across age groups: high levels of
social support - especially from family - and limited maximum walking distance
were the main predictors of invasive treatment in younger patients. In older
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patients, low ankle-brachial pressure index (ABPI) predicted invasive treatment.
This suggests that both disease severity and patient-based characteristics have to be
taken into account by the vascular surgeon in the decision to consider a patient for
invasive treatment. These fmdings also suggest that younger patients with
inadequate social support may fail to seek appropriate treatment, indicating the
need to consider psychosocial factors in optimizing treatment of atherosclerotic
vascular disease in this high-risk group.

Perceived stress is another specific psychological factor that may be
associated with patient-based outcomes in PAD. In the third study (Chapter 4), we
examined (i) the effect of subjective pain symptoms in the legs on HS and QOL
and (ii) whether perceived stress and social support were associated with walkíng
impairment, HS and QOL. In addition to patients with PAD, this study also
included patients with atypical leg symptoms, not attributable to PAD or any other
form of disease. Results showed that both groups had equally poor HS and QOL,
indicating that subjective pain symptoms in the legs aze associated with impaired
HS and QOL, irrespective of disease etiology. In PAD patients, high levels of
perceived stress adversely influenced walking ability, HS and QOL, above and
beyond the influence of clinical indicators. These findings indicate the importance
of accounting for perceived stress in PAD patients.

Overall, the results from these studies showed that impaired HS is an
important determinant of invasive treatment of PAD. They also showed that social
support and perceived stress are specific psychological factors that have a
substantial impact on patient-based outcomes in PAD such as HS and QOL. Of
note, the role of social support as a predictor of invasive treatment was more
prominent in relatively younger PAD patients as compared to older patients. This
indicates the importance of examining individual differences in PAD patients in
more detail.

Traditionally, age and sex have been included in research on PAD (3, 4),
but other individual difference variables need to be identified that may affect the
clinical course and patient-based outcomes in PAD patients. The first part of the
study demonstrated the role of specific psychological factors in patient-based
outcomes and invasive treatment. However, the extent to which these factors are a
function of relatively stable individual differences in personality remains unclear.
To address this issue, the second part of this thesis focused on the role of
personality as an individual difference variable in the context of PAD.
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Personality
Our previous results showed the importance of perceived stress. Therefore, in the
fourth study (Chapter 5), we examined the role of disease status and "distressed" or
Type D personality in perceived stress in PAD. Type D refers to the tendency to
experience psychological stress across timelsituations (5, 6). Type D personality
has been associated with poor cazdiovascular prognosis (5). However, it has been
argued that Type D might be dependent on disease status (7). To examine the
extent to which Type D may be a function of disease status, we used a combined
sample of PAD patients and healthy controls from a teaching hospítal. In addition,
QOL was assessed in both groups. Results from this cross-sectional study showed
that Type D personality was associated with increased perceived stress and
impaired QOL in this high-risk population, above and beyond the impairment
already related to having PAD. This may indicate that Type D personality is not
merely a function of atherosclerotic disease, but rather represents a substantial
determinant of patient-based outcomes that needs to be studied in its own right.
Accordingly, the following two studies further focused on the role of Type D
personality in the context ofPAD.

In the fifth study (Chapter 6), we examined the predictive value of baseline
ABPI and Type D personality on QOL and depressive symptoms in PAD patients
at six months follow-up. Results showed that Type D personality, but not ABPI,
independently predicted QOL and depressive symptoms. These findings indicate
the importance of including personality in reseazch on PAD; i.e., assessment of
Type D personality may help to identify PAD patients who aze at increased risk of
adverse health outcomes, such as increased hospitalization or poor QOL.

Finally, the impact of disease severity, invasive treatment, and Type D
personality on PAD patients' HS measured at one-year follow-up was evaluated
(Chapter 7). Results showed that, overall, HS improved between baseline and one-
year follow-up. Invasive treatment led to sigruficant improvements in HS, and
PAD severity independently predicted HS at follow-up. However, Type D patients
were more impaired in their HS than non-Type D patients, both at baseline and at
follow-up, even after adjusting for demographics, PAD severity, and invasive
treatment. These findings show that Type D patients are at increased risk of poor
HS, and that this adverse effect is stable over time.

In conclusion, these studies indicate the need of accounting for personality
characteristics when evaluating patient-based outcomes in PAD. In addition to age
and sex, personality chazacteristics should be included when examining relatively
broad and stable individual differences between patients. Identifying high-risk
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patients and providing more accurate treatment options for this subgroup, may help
to improve patient-based outcomes.

Implications for clinical research and practice
Early identification of high-risk patients is very important in atherosclerotic
conditions such as PAD (8). Only recently it has been stated that more research is
needed to identify determinants of patient-centered health status, especially in
clinical populations with marked impairments in health status, such as PAD (9).
Studies are needed to determine the use of patient preferences in clinical practice to
maximize patient outcomes (9, 10). The fmdings in this thesis have several
implications for clinical research and practice that are relevant in this context.

HS and QOL provide important subjective information about how patients
perceive the impact of disease limitations on their lives (11). Therefore, it has been
argued that it is important to link patient-based outcomes to clinical practice (12-
14). Results from the present thesis demonstrate the importance of integrating
patient-reported HS and QOL data with the clinical care of PAD. The finding that
poor HS is associated with invasive treatment in PAD, confirms the notion that the
decision for invasive treatment not only depends on disease severity (15, 16). It is
important to have a mechanism of identifying patients for which invasive treatment
is indicated (12). By using patient-based measures, more informed clinical
decisions can be made about the use of specific therapies, aimed at improving
health status (1 ~.

In order to provide optimal treatment, some patients may need more
intensive follow-up or additional caze. Results from the present research suggest
that additional caze in these high-risk PAD patients may be aimed at modifying
psychological factors such as social support, perceived stress and depressive
symptoms. For example, in case of socially isolated patients, who may fail to seek
appropriate treatment for their condition, additional (practical) support is needed to
improve behavior modification and treatment adherence, or to arrange practical
support during a patient's recovery from invasive treatment. In addition to vasculaz
surgeons and general practitioners who provide the regulaz care in patients with
PAD, other health care professionals, such as nurse practitioners or medical
psychologists, could contribute to the care of these patients in order to improve
outcomes in a cost-effective and practical manner (18).

Additional care may also consist of psychosocial interventions aimed at
reducing stress. Highly stressed PAD patients who aze at increased risk of adverse
health outcomes, may benefit from such interventions. Previous studies in other
patient groups have already shown the beneficial effects of stress management
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programs on patients' QOL (19) and their cardiac prognosis (20). Relaxation
training and stress management are effective in reducing stress in cardiac patients
(18). Stress-reducing interventions may lead to improvements in functioning and
patient-based outcomes in PAD patients as well.

Furthermore, PAD patients should be evaluated for the presence of
depressive symptoms. The present research showed that a subgroup of PAD
patients were at increased risk of depressive symptoms. Previous findings by
McDermott and colleagues demonstrated that depressive symptoms are associated
with impaired functioning in PAD patients (21). Depressive symptoms influence
the progression of vascular disease by inhibiting healthy behavior and the seeking
of appropriate medical care, and by increasing unhealthy behavior such as smoking
and non-compliance to treatment (21, 22). It has been stated that depressive
symptoms are bi-directionally associated with vascular disease, and that vascular
patients with depression are at high risk of poor health outcomes and therefore
deserve additional care (22, 23). Hence, identification of PAD patients with
depressive symptoms is particularly important.

Apart from these specific psychological factors, the findings of the present
research also indicate that individual difference variables should be included in
clinical research and practice. Factors that denote the individual differences
between patients, such as age, sex, or personality characteristics, may help explain
differences in (treatment) outcomes in PAD. Our results demonstrated that younger
patients were more likely to be treated invasively, indicating that age is already
taken into account by vascular surgeons in their decision for invasive treatment.
This is in line with general guidelines (14).

However, personality characteristics are still often ignored. In previous
studies, only hostile personality characteristics have been studied in PAD (24-26).
The present research indicated the predictive power of Type D personality in the
context of adverse patient-based outcomes. As stated previously, early
identification of high-risk patients is very important in PAD (8). Hence, it is
particularly relevant to identify subgroups of patients in whom psychological risk
factors tend to cluster together (27). Adapting a personality-based perspective in
research on PAD may be useful in this context. Previous studies have shown that
Type D personality is not mood state-dependent, but remains stable over time (28).
For screening purposes in clinical practice, the Type D personality scale may
therefore be of great predictive value in the identification of PAD patients at
increased risk of poor outcomes (27). Furthermore, interventions tazgeting specific
psychological risk factors, such as depressive symptoms or stress, should account
for individual differences between patients to gain optimal results. Tailor-made



142 Chapter 8

interventions may be more successful at modifying deleterious effects of
psychological risk factors on health outcomes in PAD patients.

Limitations of the present study
The present study has some limitations. First, the Trans-Atlantic Inter-Society

Consensus (TASC) working group recommends the use of long-term outcomes,

consisting of statistically valid data beyond two years (14). However, the present
study only used follow-up periods of 6 and 12 months, which indicate
intermediate-term outcomes (14). To obtain more information on morbidity and
mortality, and to evaluate the long-term effects of invasive treatment on patient-
based outcomes, a longer follow-up period will be needed.

Second, the study did not include patients with critical limb ischemia. Only
patient with intermittent claudication were included, which could make
generalization of the results to other forms of PAD difficult. Patients with chronic
critical limb ischemia aze often older, and their long-term survival is worse than in
patients with intermittent claudication (29). Moreover, critical limb ischemia
seriously impairs QOL (30). This makes the assessment of patient-based outcomes
pazticulazly relevant in these patients (31-34).

Third, all psychological measures used in the present study were self-
administered. Self-administered questionnaires are important tools in patient
reseazch. However, it has been argued that environmental factors, such as place of
administration, may influence patients' responses (35). Objective infomlation, for
example about a patient's stress level, is needed to verify our results. Moreover, the
agreement of self-reported cardiovascular disease with medical record diagnosis is
not always consistent (36). Therefore, in the present study, information about PAD
patients' medical condition, disease severity, and comorbidity was collected from
medical records.

Fourth, all data were collected in the same teaching hospital. This could
make generalization of our results difficult. A multi-center study is needed to
confirm our findings in the population of PAD patients at large.

Concluding remarks
The assessment of HS and QOL has gained considerable importance in research on
PAD, and these patient-based outcomes are increasingly taken into account in the
evaluation of quality of caze. The present study has shown the importance of
psychological factors in patient-based outcomes and invasive treatment in PAD.
However, research is still needed to identify psychological determinants of disease
progression and mortality in PAD patients. Knowing which psychological factors
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are associated with an increased risk of adverse health outcomes in PAD patients

may help improving treatment outcomes for these patients.
In line with this, more research is needed to determine which treatment

works best for which patient. In some patients, psychosocial interventions may

gain more improvements in HS or QOL than invasive treatment of PAD. In

addition, the effect of psychosocial interventions aimed at stress-reduction or

improvement of HS and QOL, should be evaluated. Personality characteristics may

be important in this context.
Although psychological factors such as social support, perceived stress,

and depressive symptoms all play a role in PAD, their mutual relationship also
needs further examination. For example, can a social support network buffer the
effects of stress in patients with PAD? Results from cardiac populations have
suggested that psychosocial factors tend to cluster together (37). Future research
should address these issues. For PAD patients, reseazch is required for the
development of interventions and the evaluation of their impact on patients'
disease status and QOL.

The present research project generated new findings indicating that
psychological factors play an important role in patient-based outcomes and
invasive treatment in patients with PAD. In addition to traditional clinical factors,
patients' evaluation about their own HS and QOL should be taken into account in
the process of clinical decision-making. Moreover, social support, perceived stress
and depressive symptoms should be considered in optimizing treatment of
atherosclerotic vasculaz disease in this high-risk group. Furthermore, Type D
personality may help to identify PAD patients who are at increased risk of adverse
health outcomes, such as increased hospitalization or poor HS and QOL. The
increased risk ofpoor HS in Type D patients appears stable over time.

Overall, it can be concluded that there is an urgent need to identify PAD
patients at increased risk of poor outcomes. The fmdings from the present reseazch
clearly demonstrate the important role ofpsychological factors in this context.



144 Chapter 8

References

1. 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;36:94-9.

2. Feinglass J, McCarthy WJ, Slavensky R, Manheim LM, Martin GJ. Effect
of lower extremity blood pressure on physical functioning in patients who
have intermittent claudication. The Chicago Claudication Outcomes
Reseazch Group. J Vasc Surg 1996;24:503-11; discussion 511-2.

3. McDermott MM, Greenland P, Liu K, Criqui MH, Guralnik JM, Celic L,
Chan C. Sex differences in peripheral arterial disease: leg symptoms and
physical functioning. J Am Geriatr Soc 2003;51:222-8.

4. Izquierdo-Porrera AM, Gardner AW, Bradham DD, Montgomery PS,
Sorkin JD, Powell CC, Katzel LI. Relationship between objective measures
ofperipheral arterial disease severity to self-reported quality of life in older
adults with intermittent claudication. J Vasc Surg 2005;41:625-30.

5. Denollet J, Vaes J, Brutsaert DL. Inadequate response to treatment in
coronary heart disease : adverse effects of type D personality and younger
age on 5-year prognosis and quality of life. Circulation 2000;102:630-635.

6. Pedersen SS, Lemos PA, van Vooren PR, Liu TK, Daemen J, Erdman RA,
Smits PC, Serruys PW, van Domburg RT. Type D personality predicts
death or myocardial infarction after bare metal stent or sirolimus-eluting
stent implantation: A Rapamycin-Eluting Stent Evaluated At Rotterdam
Cardiology Hospital (RESEARCH) registry sub-study. J Am Coll Cazdiol
2004;44:997-1001.

7. Lane D, Carroll D, Lip GY. Anxiety, depression, and prognosis after
myocardíal infarction: is there a causal association? J Am Coll Cardiol
2003;42:1808-10.

8. Feinglass J, Morasch M, McCarthy WJ. Measures of success and health-
related quality of life in lower-extremity vasculaz surgery. Annu Rev Med
2000;51:101-13.

9. Krumholz HM, Peterson ED, Ayanian JZ, Chin MH, DeBusk RF,
Goldman L, Kiefe CI, Powe NR, Rumsfeld JS, Spertus JA, Weintraub WS.
Report of the National Heart, Lung, and Blood Institute Working Group on
Outcomes Research in Cardiovascular Disease. Circulation
2005;111:3158-3166.



General discussion 145

10. Mukherjee D, Munir K, Hirsch AT, Chetcuti S, Grossman PM,
Rajagopalan S, Nallamothu BK, Moscucci M, Henke P, Kassab E, Sohal
C, Riba A, Person D, Luciano AE, Degregorio M, Patel K, Rutkowski KC,
Eagle KA. Development of a multicenter peripheral arterial interventional
database: The PVD-QI2. Am Heart J 2005;149:1003-8.

11. Rodriguez-Artalejo F, Guallaz-Castillon P, Pascual CR, Otero CM, Montes
AO, Gazcia AN, Conthe P, Chiva MO, Banegas JR, Herrera MC. Health-
related quality of life as a predictor of hospital readmission and death
among patients with heart failure. Arch Intern Med 2005;165:1274-9.

12. Spertus JA, Jones P, McDonell M, Fan V, Fihn SD. Health status predicts
long-term outcome in outpatients with coronary disease. Circulation
2002;106:43-9.

13. Krumholz HM. The year in health caze delivery and outcomes research. J
Am Coll Cazdio12004;44:1130-6.

14. Dormandy JA, Rutherford RB. Management of peripheral azterial disease
(PAD). TASC Working Group. TransAtlantic Inter-Society Concensus
(TASC). J Vasc Surg 2000;31:S1-S296.

15. Hicken GJ, Lossing AG, Ameli FM. Assessment of generic health-related
quality of life in patients with intermittent claudication. European Journal
ofVasculaz and Endovascular Surgery 2000;20:336-341.

16. Ouriel K. Peripheral arterial disease. Lancet 2001;358(9289):1257-1264.
17. Rumsfeld JS. Health status and clinical practice: when will they meet?

Circulation 2002;106:5-7.
18. Rozanski A, Blumenthal JA, Davidson KW, Saab PG, Kubzansky L. The

epidemiology, pathophysiology, and management of psychosocial risk
factors in cazdiac practice: the emerging field of behavioral cazdiology. J
Am Coll Cardio12005;45:637-51.

19. Trzcieniecka-Green A, Steptoe A. Stress management in cazdiac patients: a
preliminary study of the predictors of improvement in quality of life. J
Psychosom Res 1994;38:267-80.

20. Blumenthal JA, Jiang W, Babyak MA, Krantz DS, Frid DJ, Coleman RE,
Waugh R, Hanson M, Appelbaum M, O'Connor C, Morris JJ. Stress
management and exercise training in cardiac patients with myocazdial
ischemia. Effects on prognosis and evaluation of inechanisms. Arch Intern
Med 1997;157:2213-23.

21. McDermott MM, Greenland P, Gurainik JM, Liu K, Criqui MH, Pearce
WH, Chan C, Schneider J, Sharma L, Taylor LM, Arseven A, Quann M,



146 Chapter 8

Celic L. Depressive symptoms and lower extremity functioning in men and
women with peripheral arterial disease. J Gen Intern Med 2003;18:461-7.

22. Thomas AJ, Kalaria RN, OBrien JT. Depression and vascular disease:
what is the relationship? J Affect Disord 2004;79:81-95.

23. Rao R, Jackson S, Howard R. Depression in older people with mild stroke,
carotid stenosis and peripheral vascular disease: a comparison with healthy
controls. Int.J.Geriatr.Psychiatry 2001;16:175-183.

24. Deary IJ, Fowkes FG, Donnan PT, Housley E. Hostile personality and
risks of peripheral arterial disease in the general population. Psychosom
Med 1994;56:197-202.

25. Whiteman MC, Deary IJ, Fowkes FG. Personality and social predictors of
atherosclerotic progression: Edinburgh Artery Study. Psychosom Med
2000;62:703-714.

26. Joesoef MR, Wetterhall SF, DeStefano F, Stroup NE, Fronek A. The
association of peripheral arterial disease with hostility in a young, healthy
veteran population. Psychosom Med 1989;51:285-289.

27. Pedersen SS, Denollet J. Type D personality, cardiac events, and impaired
quality of life: a review. Eur J Cardiovasc Prev Rehabi12003;10:241-8.

28. Denollet J. DS 14: Standard Assessment of Negative Affectivity,
Social Inhibition, and Type D Personality. Psychosom Med 2005(67):89-
97.

29. Walker SR, Yusuf SW, Hopkinson BR. A 10-year follow-up of patients
presenting with ischaemic rest pain of the lower limbs.
Eur.J.Vasc.Endovasc.Surg. 1998;15:478-482.

30. Chetter IC, Spark JI, Dolan P, Scott DJ, Kester RC. Quality of life analysis
in patients with lower limb ischaemia: suggestions for European
standardisation. Eur J Vasc Endovasc Surg 1997;13:597-604.

31. Chetter IC, Dolan P, Spark JI, Scott DJ, Kester RC. Correlating clinical
indicators of lower-limb ischaemia with quality of life. Cardiovasc Surg
1997;5:361-366.

32. 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;36:310-7.

33. Albers M, Fratezi AC, De Luccia N. Walldng ability and quality of life as
outcome measures in a comparison of arterial reconstruction and leg
amputation for the treatment of vascular disease. Eur J Vasc Endovasc
Surg 1996;11:308-14.



General discussion 147

34. Thorsen H, McKenna S, Tennant A, Holstein P. Nottingham health profile
scores predict the outcome and support aggressive revascularisation for
critical ischaemia. Eur J Vasc Endovasc Surg 2002;23:495-9.

35. Miller DR, Clazk JA, Rogers WH, Skinner KM, Spiro A, 3rd, Lee A, Kazis
LE. The influence of place of administration on health-related quality-of-
life assessments: fmdings from the Veterans Health Study. J Ambul Care
Manage 2005;28:111-24.

36. Okura Y, Urban LH, Mahoney DW, Jacobsen SJ, Rodeheffer RJ.
Agreement between self-report questionnaires and medical record data was
substantial for diabetes, hypertension, myocardial infarction and stroke but
not for heart failure. J Clin Epidemio12004;57:1096-103.

37. Rozanski A, Blumenthal JA, Kaplan J. Impact of psychological factors on
the pathogenesis of cardiovascular disease and implications for therapy.
Circulation 1999;99:2192-217.



149

SAMENVATTING

Atherosclerose (`slagaderverkalking') is een chronische, gegeneraliseerde ziekte, die

vernauwingen of afsluitingen veroon.aakt in slagaders in het hele lichaam. Door deze

vernauwingen wordt de bloedtcevoer naar organen en spieren aangetast. Perifeer

vaatlijden is een vorm van atherosclerose, die gekenmerkt wordt door pijn of

functieverlies in de benen ten gevolge van verminderde doorbloeding. De pijn

ontstaat doorgaans na het lopen van een bepaalde afstand en trekt weg wanneer de

patiënt stilstaat. Dit verschijnsel wordt ook wel claudicatio intermittens genoemd.
Claudicatio intermittens wordt gezien als een belangrijke indicatie van
gegeneraliseerde atherosclerose.

Risicofactoren voor perifeer vaatlijden zijn onder andere roken en een te
hoog cholesterol gehalte. Tevens lijden veel patiënten met perifeer vaatlijden aan
andere aandoeningen, zoals hartziekten en diabetes. Hoewel zeer hinderlijk, is
claudicatio intermittens niet levensbedreigend. Ongeveer 1 op de 4 patiënten met
claudicatio intermittens zal een ernstigere vorm van de ziekte ontwikkelen, waarbij

er ook sprake is van pijn in rusttoestand. Soms kan weefselversterf optreden door
een gebrek aan bloedtcevoer, hetgeen kan leiden tot amputatie van het aangetaste
lichaamsdeel. Echter, de meeste patiënten met perifeer vaatlijden overlijden
uiteindelijk aan andere gevolgen van atherosclerose, zoals hartproblemen of een
beroerte.

Hoewel perifeer vaatlijden een aandoening is waarvoor geen genezing
mogelijk is, kan het atherosclerotisch proces wel vertraagd worden. De medische
behandeling van perifeer vaatlijden is niet alleen gericht op het verlichten van
symptomen en het verbeteren van de doorbloeding in de benen, maar ook op de
bestrijding van risicofactoren. Behandelingen kunnen grofweg worden verdeeld in
conservatieve en invasieve behandelingen. Conservatieve behandelingen bestaan
vaak uit modificatie van risicofactoren, lichaamsbeweging (met name veel lopen),
en ondersteuning met medicatie. Het advies aan patiënten om de leefstijl te
veranderen, staat hierbij centraal. Het doel van invasieve behandeling is om, door
middel van een verbeterde doorbloeding, het functioneren te verbeteren. Invasief
ingrijpen wordt gedaan bij patiënten met ernstige beperkingen in hun functioneren.
Endovasculaire procedures zoals een percutane transluminale angioplastiek (PTA,
`dotter') worden inmiddels frequent gebruikt omdat ze het minst belastend zijn
voor de patiënt. In verband met de kans op mogelijke complicaties worden
chirurgische ingrepen zoals een bypass operatie van de perifere vaten alleen
toegepast wanneer de klachten zeer ernstig zijn.
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Door de chronische aard van perifeer vaatlijden is het van belang om de invloed
van de ziekte en het effect van behandeling niet alleen vanuit medisch oogpunt te
evalueren, maar ook vanuit het perspectief van de patiënt. Kwaliteit van leven
(KVL) is een belangrijk begrip dat steeds vaker gebruikt wordt om de invloed van
de ziekte op het leven van de patiënt te onderzoeken. Volgens de Wereld
Gezondheidsorganisatie omvat het begrip KVL de evaluatie van de patiënt met
betrekking tot zijn of haar lichamelijk, sociaal en emotioneel functioneren. Hoewel
KVL steeds vaker wordt gezien als een belangrijk aspect bij patiënten met deze
chronische vasculaire ziekte, is er slechts weinig bekend over de determinanten
ervan. Eerder onderzoek heeft aangetoond dat er nauwelijks een relatie is tussen
ziekte ernst en levenskwaliteit. Een patiënt met een ernstige vorm van vaatlijden
hoeft niet per defmitie een slechte KVL te hebben. Omgekeerd kan het ook zo zijn
dat een patiënt met een relatief milde vorm van vaatlijden zich ernstig aangetast
voelt in zijn KVL.

Het doel van het onderzoek dat beschreven is in dit proefschrift, is enerzijds om
meer inzicht te krijgen in het effect van perifeer vaatlijden op het leven van de
patiënt, en anderzijds om patiënten te identificeren die een grotere kans hebben op
een ziekenhuisopname en een slechte kwaliteit van leven. Onderzoeksresultaten
vanuit andere patiëntengroepen hebben aangetoond dat bepaalde psychologische
factoren, zoals sociale steun, waargenomen stress, en depressieve symptomen
invloed hebben op het ziekteproces en de KVL van patiënten. Ook persoonlijkheid
lijkt hierin een belangrijke rol te spelen. Echter, of deze psychologische factoren
ook een rol spelen bij patiënten met perifeer vaatlijden, is nog weinig onderzocht.

In het huidige proefschrift is daarom dieper ingegaan op de rol die
psychologische factoren spelen bij de behandeling en KVL van patiënten met
perifeer vaatlijden. Een deel van het onderzoek is gebaseerd op de gegevens van
200 patiënten die tussen 1999 en 2001 voor het eerst een vaatchirurg van het St.
Elisabeth Ziekenhuis in Tilburg bezochten voor claudicatio intermittens. Alle
patiënten werden gedurende één jaar gevolgd, waarbij gegevens over ziekte-ernst,
ziekenhuisopnames, gezondheidstoestand en KVL werden gemeten. Daarnaast
werd in de periode tussen 2001 en 2004 een nieuwe groep patiënten gevraagd deel
te nemen aan het onderzoek, bestaande uit 203 mensen met claudicatio
intermittens. Naast bovengenoemde gegevens, werd er in deze patiëntengroep ook
informatie veraameld over de mate van ervaren stress, sociale steun,
persoonlijkheid, en depressieve klachten.
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Het eerste deel van dit proefschrift beschrijft de rol van psychologische factoren

met betrekking tot zowel invasieve behandeling als patiëntgebonden uitkomsten in

perifeer vaatlijden. Resultaten van de eerste studie (hoofdstuk 2) laten zien dat de

relatief jongere patiënten met een korte pijnvrije loopafstand, die bij het eerste

bezoek in het ziekenhuis aangaven zich ernstig beperkt te voelen in hun fysiek

functioneren, de grootste kans hadden op een ziekenhuisopname binnen een jaar.

Dit geeft aan dat de manier waarop een patiënt zijn ziekte ervaart van grote invloed

is op de beslissing die een chirurg maakt voor een bepaalde behandeling. Daarnaast

werd aangetoond dat de patiënten die een invasieve ingreep hadden ondergaan, hun

gezondheidstoestand beter vonden na de ingreep dan ervoor.
Hoofdstuk 3 gaat dieper in op psychologische voorspellers van invasieve

behandeling en de rol van leeftijd hierin. Jonge vaatpatiënten leiden vaak nog een

actief leven waarbij er meer eisen worden gesteld aan hun functioneren. Hierdoor

kan het wenselijk zijn om een invasieve ingreep plaats te laten vinden in een

relatief vroeg stadium van de ziekte. Bij oudere patiënten is het vaak beter om een

ingreep alleen in geval van ernstig verstoorde doorbloeding plaats te laten vinden.

Er werd vooral gekeken naar de rol van sociale steun in relatie tot invasieve
behandeling. Resultaten laten zien dat de aanleiding tot invasief behandelen

inderdaad verschillend is voor jonge en oude patiënten met perifeer vaatlijden. In

de groep jongere patiënten bleek een beperkte loopafstand en een hoge mate van

sociale steun - vooral van familie - de belangrijkste indicaties te zijn voor invasief

ingrijpen. In oudere patiënten was alleen een slechte doorbloeding in de benen
aanleiding om tot invasieve behandeling over te gaan. Jonge patiënten die weinig
sociale steun ervaren zijn misschien minder goed in staat om een aangepaste
behandeling te krijgen van hun perifeer vaatlijden. Deze resultaten benadrukken
dat niet alleen ziekte indicatoren, maar ook patiëntkenmerken in acht genomen
moeten worden door de behandelaar.

Een andere belangrijke psychologische factor bij perifeer vaatlijden zou de
mate van stress kunnen zijn die een patiënt ervaart. In hoofdstuk 4 is daarom niet

alleen gekeken naar het effect van subjectieve pijnklachten in de benen op

gezondheidstoestand en KVL, maar ook naar de rol van ervaren stress en sociale

steun. Voor dit onderzoek werd, riaast de groep patiënten met perifeer vaatlijden,

ook een controlegroep gebruikt bestaande uit patiënten met loopklachten, niet
gerelateerd aan vaatproblematiek. Beide patiëntgroepen rapporteerden een slechte
gezondheidstoestand en KVL, hetgeen aangeeft dat subjectieve pijnklachten in de
benen meer bepalend zijn voor beperkingen in levenskwaliteit dan ziekte etiologie.
Daarnaast werd aangetoond dat een hoge mate van stress een negatief effect heeft
op de loopafstand, gezondheidstoestand en KVL van patiënten met perifeer
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vaatlijden. Het is daarom van belang om rekening te houden met de negatieve
gevolgen van waargenomen stress bij het bepalen van de beperking in loopafstand
en de gezondheidstoestand en KVL van patiënten met perifeer vaatlijden.

De resultaten van het eerste deel van het proefschrift laten dus zien dat
psychologische factoren, zoals sociale steun en stress, een belangrijke invloed
hebben op KVL en invasieve behandeling van patiënten met perifeer vaatlijden.

In het tweede deel van het proefschrift is dieper ingegaan op de rol van individuele
verschillen in patiënten met perifeer vaatlijden. Met name werd daarbij gekeken
naar de rol van persoonlijkheid. Uit onderzoek bij hartpatiënten is reeds
aangetoond dat het "distressed" Type D persoonlijkheidstype een voorspeller is van
een slechte prognose en een lage KVL. Mensen met een Type D persoonlijkheid
hebben de neiging om veel negatieve emoties te ervaren en voelen zich
tegelijkertijd geremd om in het bijzijn van anderen hun emoties te tonen.

Om de invloed van perifeer vaatlijden en Type D persoonlijkheid op KVL
en waargenomen stress te bepalen, zijn in hoofdstuk 5 zowel patiënten met perifeer
vaatlijden als een controle groep, bestaande uit gezonde mensen van dezelfde
leeftijd en geslacht, onderzocht. Patiënten bleken een veel slechtere KVL te hebben
dan gezonde mensen. Echter, patiënten met een Type D persoonlijkheid hadden de
laagste KVL en rapporteerden veel meer stress dan patiënten zonder Type D
persoonlijkheid. Deze subgroep van patiënten heeft een verhoogd risico op
negatieve uitkomsten en heeft daardoor extra zorg nodig.

In hoofdstuk 6 is vervolgens verder onderzocht welke factoren de KVL en
depressieve klachten voorspellen op zes maanden nadat perifeer vaatlijden voor het
eerst bij de patiënt was geconstateerd. Type D persoonlijkheid blijkt een
belangrijke voorspeller van KVL en depressieve klachten na zes maanden. Echter,
de maat van ziekte-ernst (doorbloeding van de benen) bleek geen invloed te hebben
op deze patiëntgebonden uitkomstmaten. Het meten van Type D persoonlijkheid
kan dus van groot belang zijn bij het bepalen van welke patiënten een groter risico
lopen op een slechte KVL.

Tot slot is in hoofdstuk 7 gekeken naar de invloed van ziekte-ernst,
invasieve behandeling, en Type D persoonlijkheid op gezondheidstoestand,
gemeten op 1 jaar na de initiële diagnose. Uit de resultaten kwam allereerst naar
voren dat er in het algemeen spralce was van een toename in gezondheidstoestand.
Invasieve behandeling zorgde voor een sterke toename in KVL. Echter, Type D
patiënten hadden een sterk verminderde gezondheidstoestand in vergelijking met
niet Type D patiënten. Dit negatieve effect werd gevonden zowel bij het eerste
bezoek aan het ziekenhuis als één jaar later, na rekening gehouden te hebben met
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demografische kenmerken, ziekte-ernst en invasieve behandeling. Deze resultaten

zijn van belang omdat ze niet alleen aantonen dat Type D patiënten een groter

risico lopen op slechte gezondheidsuitkomsten, maar ook dat het effect van

persoonlijkheid stabiel is.

De bevindingen van het huidige proefschrift tonen aan dat vroegtijdige identificatie

van patiënten die een verhoogd risico lopen op negatieve gezondheidsuitkomsten
zeer belangrijk is bij atherosclerotische aandoeningen zoals perifeer vaatlijden. Om
het effect van behandelingen zo optimaal mogelijk te maken zullen sommige
patiënten extra zorg of ineer intensieve follow-up nodig hebben. De resultaten van
de huidige studie geven aan dat deze extra zorg zich zou moeten richten op het
modificeren van psychologische factoren zoals sociale steun, waargenomen stress
en depressieve klachten.

In het geval van sociaal geïsoleerde patiënten, die wellicht niet in staat zijn
om geschikte hulp voor hun aandoening te zoeken, zou extra (praktische)
ondersteuning van nut kunnen zijn. Denk daarbij aan hulp gedurende de
herstelperiode van een invasieve ingreep. Voor patiënten die veel stress ervaren,
zouden psychosociale interventies die gericht zijn op stress reductie, nuttig kunnen
zijn. Verder zouden patiënten met perifeer vaatlijden ook gescreend moeten
worden op de aanwezigheid van depressieve symptomen. Het huidige onderzoek
liet zien dat sommige patiënten een verhoogd risico lopen op depressieve klachten.
Depressieve klachten zorgen voor een beperking in het functioneren van deze
patiënten. Verder béinvloeden depressieve symptomen het atherosclerotisch proces
door middel van ongezond gedrag als roken en het vaak niet opvolgen van een
vastgestelde behandeling. Identificatie van patiënten met depressieve klachten en
het aanbieden van psychologische interventies die gericht zijn op het modificeren
van depressieve symptomen zijn daarom zeer belangrijk. Informatie omtrent
persoonlijkheidskenmerken zou kunnen helpen bij het snel en vroegtijdig opsporen
van individuele patiënten waarbij deze risicovolle psychologische factoren
samenvallen. Dit kan vervolgens bijdragen aan een meer intensieve opvolging en I
of behandeling van patiënten met een verhoogd risico op negatieve
gezondheidsuitkomsten. Naast vaatchirurgen en huisartsen die doorgaans de zorg
voor patiënten op zich nemen, zouden medisch psychologen of nurse practitioners
ingezet kunnen worden om op een praktische en kosteneffectieve manier de
gezondheidsuitkomsten voor risico patiënten te verbeteren.
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APPENDIX

SVSIISCVS grading system for cardiovascular risk factors

Diabetes:
0 - none
1- adult onset; controlled by diet or oral agents
2 - adult onset, insulin-controlled
3 - juvenile onset

Smoking:
0- none or none for last ten years
1- none current, but smoked in last ten years
2- current (includes abstinence less than 1 year), less than 1 packlday
3- current, greater than 1 packlday

Hypertension:
0- none, diastolic pressure usually lower than 90 mm Hg
1- controlled with single drug
2- controlled with 2 drugs
3- requires more than 2 drugs or uncontrolled

Hyperlipidemia:
0- cholesterol (low-density lipoprotein and total) and triglycerides levels within
normal limits for age
1- mild elevation, controllable by diet
2- requiring strict dietary control
3- requiring dietary and drug control

Cardiac Status:
0 - asymptomatic, normal ECG
1- asymptomatic, remote myocardial infarction (Nl~ by history (~ 6 months),
occult MI by ECG, or fixed defect on dipyridamole thallium or similar scan
2- any one of stable angina, no angina but significant reversible perfusion defect
on dipyridamole thallium scan, significant silent ischemia (? 1 oro of time) on Holter
monitoring, ejection fraction 250~o to 450~0, controlled ectopy or asymptomatic
arrhythmia, history of congestive heart failure (CHF) that is now well compensated
3- any one of unstable angina, symptomatic or poorly controlled ectopy or
arrhythmia, poorly compensated or recurrent CHF, ejection fraction less than 250~0,
MI within 6 months
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CaroNd Disease:
0- no symptoms, no evidence of disease
1- asymptomatic but with evidence of disease determined by duplex scan or other
accepted noninvasive test or arteriogram
2- transient or temporary stroke
3- completed stroke with permanent neurologic deficit or acute stroke

Renal status:
(refers to stable levels, not transient drops or elevations in response to intravenous
medication, hydration, or contrast media)
0- no known renal disease, normal serum creatinine level
1- moderately elevated creatinine level, as high as 2.4 mgldl
2- creatinine level, 2.5 to 5.9 mgldl
3- creatinine ~ 6.0 mgldl, or on dialysis or with kidney transplant

Pulmonary status:
0- asymptomatic, normal chest X-ray film, pulmonary function test (PFT) within
200~0 ofpredicted
1- asymptomatic or mild dyspnea on exertion, mild chronic pazenchyrnal X-ray
changes, PFT 650~o to 800~0 of predicted
2- between 1 and 3
3- vital capacity less than 1.85 1, FEV1 less than 1.2 L or less than 350~0 of
predicted, maximal voluntary ventilation less than SOo~o of predicted, Pco2 greater
than 45 mm Hg, supplemental oxygen use medically necessary, or pulmonary
hypertension.
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DANKWOORD

Aan het einde van dit proefschrift gekomen wil ik graag de mensen bedanken die
hebben bijgedragen aan mijn promotieonderzoek.

Mijn speciale dank gaat uit naar mijn copromotor Jolanda de Vries en mijn

promotores Johan Denollet en Jaap Hamming. Jolanda, jij gaf ine de mogelijkheid

om tijdens mijn studie psychologie als student-assistent op de afdeling heelkunde

in het St. Elisabeth ziekenhuis te gaan werken. Na mijn afstuderen kon ik dankzij

jou starten met mijn AIO-schap op dezelfde afdeling. Jij hebt mij geleerd om

teksten kort en bondig te maken zoals de medische tijdschriften vereisen. Daarnaast

corrigeerde jij mijn teksten zeer snel, waardoor het schrijfproces nooit stil kwam te

liggen. Mede dankzij jou is het proefschrift op tijd afl Johan, ik had mij geen betere
coach kunnen wensen. Jouw inzicht, gedrevenheid en enthousiasme werkten zeer
stimulerend voor mij. Jij leerde me om mijn onderzoek in een breder kader te

plaatsen en vooral kritisch te blijven. Daarnaast voelde jij heel goed aan wanneer ik
wat extra (morele) steun kon gebruiken. Dankje wel hiervoor. Ilc ben blij dat je me
de mogelijkheid hebt gegeven om onze samenwerking verder voort te zetten! Jaap,
mede dankzij jouw inspanningen kon ons onderzoek in het St. Elisabeth ziekenhuis
zo snel van start gaan. Je enthousiasme en overtuiging maakten het voor mij
mogelijk om psychologisch onderzoek te verrichten in de wereld van de
vaatchirurgie. Ondanks je vertrek naar Leiden bleef je me bijstaan met raad en
daad. Bedankt voor je vertrouwen en hulp.

Een groot deel van mijn AIO-schap heb ik doorgebracht op de poli
heelkunde van het St. Elisabeth Ziekenhuis te Tilburg. Mijn dank gaat uit naar de
vaatchirurgen van het St. Elisabeth Ziekenhuis voor hun medewerking aan het
onderzoek en het screenen en informeren van alle patiënten. Ook de
polimedewerkers ben ik veel dank verschuldigd. Ze hebben mij enorm geholpen
met hun praktische ondersteuning en adviezen. Daarnaast hebben ze een
belangrijke bijdrage geleverd aan de inclusie van nieuwe patiënten. Verder wil ik
graag alle patiënten met claudicatio intermittens bedanken die belangeloos mee
hebben gewerkt aan mijn onderzoek. Zonder hen had ik dit proefschrift niet kunnen
schrijven.

De collega's van FSW wil ik bedanken voor hun gezelligheid en alle "stipt
12 uur" lunches. Met name Michelle en Helen, mijn paranimfen, wil ik bedanken
voor de fijne tijd. Michelle, het was ontzettend leuk met jou als roomie. Helen, een
betere overbuurvrouw had ik niet kunnen hebben. Nu zijn we alledrie klaar!
Bedankt voor alles, zowel voor jullie hulp en adviezen tijdens werktijd, als voor het
entertainment na werktijd. Ik hoop dat er nog vele gezellige avondjes mogen
volgen. Mirjam, pas in de laatste maanden van mijn AIO-schap werden wij
kamergenootjes. Hoewel ik waarschijnlijk niet de meest ontspannen persoon was in
die tijd (sorry!), heb ik een heel leuke tijd met jou gehad. Dank voor al je steun!
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Kristel, jou wil ik bedanken voor de leuke en gezellige AIO-tijd. Eerst samen in het
St. Anna Ziekenhuis, daarna samen op de UvT. Succes met de laatste loodjes!

Mijn vrienden en (schoon-)familie wil ik bedanken voor de vele leuke
avondjes en weekenden. Ze waren een welkome afwisseling op mijn AIO-schap.
Mijn ouders wil ik danken voor alles wat ze voor mij hebben gedaan en de kansen
die ze mij hebben gegeven. René, mijn lieve broer, jou wil ik in het bijzonder
bedanken voor je wetenschappelijke interesse in mijn proefschrift. Ilc hoop ook
hetzelfde voor jou te kunnen betekenen!

Tot slot wil ik Alexander, mijn man, bedanken. Het jaar 2005 is er één om
nooit te vergeten! Onze reis naar jouw geboorteland Chili heeft ons nog dichter bij
elkaar gebracht en heeft mij nieuwe energie gegeven om de laatste maanden van
mijn promotietraject in te gaan. Ik wil je bedanken voor je rust, je optimisme, en
het meedenken over mijn onderzoek. Jij bent mijn thuis.

Annelies Aquarius
Tilburg, oktober 2005
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