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ABSTRACT

Purpose: The aim of the present cross-sectional study was to investigate the relationship between depression
and intermittent claudication (IC), independently of traditional risk factors. Main methods: The sample
consisted of 300 individuals (Mg = 65.3 + 8.7 years, 61.0% female) recruited from the offices of 33 general
practitioners. Participants’ medical history and the presence of major cardiovascular risk factors were
recorded. Participants completed the Edinburgh Claudication Questionnaire. The role of depression
(assessed by a shortened version of the Beck Depression Inventory) in predicting IC was examined using
a binary logistic regression analysis — controlled for sex, age, hypertonia, diabetes, smoking, hyper-
cholesterinemia, hazardous drinking, and body mass index (BMI). Results: The descriptive data indicated
that the prevalence of depression was 57.9% in the IC subgroup and 16.1% in those free of IC. The bivariate
analyses indicated that hypercholesterinemia, smoking, hazardous drinking, BMI, and depression were
significantly associated with IC. Male sex and age showed a trend toward being a significant correlate of IC.
Results of the multivariate analyses indicated that depressive symptomatology was significant in predicting
IC (OR: 1.08 (1.05-1.11)), even after controlling for lifestyle and traditional risk factors such as smoking,
hazardous drinking, and BMI. Among traditional risk factors, smoking (OR: 2.44 (1.26-4.74)), hazardous
drinking (OR: 1.19 (1.02-1.40)), and hypercholesterinemia (OR: 2.17 (1.26-3.75)) showed a significant,
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positive relationship with IC. Conclusions: These results underscore the importance of a multidisciplinary
approach that focuses on supporting health-related behavioral changes and managing mental health
symptoms when providing care for patients with IC.
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INTRODUCTION

Intermittent claudication (IC) is the most characteristic symptom of LEAD (lower extremity
arterial disease), that contributes to the presence of limping in affected patients. Characteristics
are the recurrence and localization of the pain and its cease after rest. After certain physical
activities, pain appears in the lower extremities, which intensifies with exercise time and in-
tensity, forcing the patient to limp, and eventually impeding their ability to walk. Intermittent
claudication usually disappears fast, i.e. after 10 min of rest. Based on the localization and size of
the stenosis, IC can occur in different parts of the lower extremities. Most common anatomical
locations are the calf, gluteal muscles, and the thigh, and is least common in the feet [1].

LEAD affects more than 202 million individuals worldwide, from which 40 million are
European [2]. The number of patients with LEAD has increased by 23% in the last decade, due
to population growth, ageing and diabetes; however, smoking remains the main risk factor in
middle- and low-income countries [3]. The majority of patients are asymptomatic thus LEAD
remains undiscovered and untreated without special screening [4]. These patients have a 20%
higher risk of experiencing a cerebrovascular event, which highlights the system-disease nature
of LEAD [5]. Traditional risk factors of LEAD include hypertension, diabetes, smoking, and
hyperlipidemia; however, the implications of psychological aspects and their roles in the
pathogenesis of LEAD [6] are now being considered. For instance, among patients with IC,
symptoms of depression have been identified as a personal barrier to exercise [7].

The results regarding a depression-LEAD association are contrasting: some studies report a
significant correlation between depression and limb symptoms [8] or walking ability [9] while
others [10] report that adjusting for these two variables attenuated the association. Therefore,
the aim of the present study was to analyze the predictive role of depressive symptomatology in
IC independently of its established risk factors such as hypertension, diabetes, hyper-
cholesterinemia, drinking, smoking, and body mass index.

MATERIALS AND METHODS

Participants and procedure

The study was approved by the Scientific and Research Ethics Committee of the Medical
Research Council, Semmelweis University (ETT TUKEB 285/2015) and was carried out in
accordance with the tenets of the Declaration of Helsinki. Data collection took place between
November 2015 and February 2018, with participants recruited from the practices of 33 general
practitioners from across Hungary.
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LEAD usually appears after the age of 50 years, with an exponential increase after the age of
65 years. According to governmental regulations of the country of study, it is obligatory to
screen patients for the presence and symptoms of LEAD every two years after the age of 45;
therefore, the target population included men and women aged 45 or older with at least one
major vascular risk factor (current smoking, type 2 diabetes, or hypertension). Altogether, 300
(Mage = 65.3 years, SD = 8.7 years; 61.0% female) individuals agreed to participate in the
present study, of which all were provided written informed consent.

Participants’ medical history and the presence of major cardiovascular risk factors
were recorded based on the health records maintained by their general practitioners. The in-
person examination started with the completion of the Edinburgh Claudication Questionnaire
(ECQ). The questionnaire - consisting of 6 items - is a validated and frequently used method for
screening intermittent claudication. It requires yes-or-no type answers for all questions and the
localization of pain. The definite claudicant indicates pain in the calf, or in the thigh or buttock
in the absence of any calf pain. Subjects should not be considered to have claudication if pain is
indicated in the hamstrings, feet, shins, joints, or appears to radiate, in the absence of any pain in
the calf. The Questionnaire has a sensitivity of over 80-90% and a specificity of over 95% [11].

Second, the basic body measurements (height and weight) were collected. BMI (Body Mass
Index) was calculated by using patients” height and body weight measured at the screening with
a validated measure. Respondents were considered smokers if they indicated active smoking
during the recording of their medical history. Patients who had a diagnosis of diabetes, hy-
pertension, and hypercholesterinemia in their medical records were considered positive for these
conditions.

Psychological instruments

Depressive symptoms were measured with the shortened Hungarian version of the Beck
Depression Inventory (BDI), a 9-item questionnaire to assess depression severity [12]. Each item
is scored on a 4-point scale ranging from 0 (not at all characteristics of me) to 3 (very char-
acteristic of me). Internal consistency of the scale proved to be strong in the current sample
(Cronbach’s a = 0.86). To allow international comparability, the total score of the 9-item
version was transformed to align with the 21-item original version by multiplying the total
scores by 2.33. The cut off score indicating the presence of at least mild depression was therefore
identical to that in the international literature (>10).

Hazardous drinking was measured with the alcohol consumption questions of the AUDIT
(AUDIT-C) [13]. This is a 3-item tool for the screening of hazardous drinking habits. Each
question is scored on a scale ranging from 0 to 4. Four points or above in men, 3 points or above
in women are indicative of hazardous drinking. The advantage of the shortened version is its
ease of use in primary care. Internal consistency in the current sample was strong (Cronbach’s «
= 0.84).

Statistical analyses

When investigating the relationship between IC and continuous variables, an independent
sample t-test was conducted (Cohen’s d was used to express effect size). When examining the
association between the dependent variable and the categorical independent variables, the chi
square test was employed (Cramer’s V was reported to express effect size). On the multivariate
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level, a binary logistic regression analysis was conducted to investigate the role of all inde-
pendent variables in differentiating between patients with and without IC. There were no
missing data in the data set. All the above analyses were carried out using the Statistical Package
for the Social Sciences, Version 27 (IBM SPSS, 2021).

RESULTS

The descriptive data indicated that the prevalence of (mild, moderate, or severe) depression was
57.9% in the IC subgroup and 16.1% in those free of IC. The results of the bivariate analyses
indicated that the relationship between depression and IC is strong: the mean of depressive
symptoms in the IC subgroup was 14.15 and only 6.17 in the subgroup free of IC (t = —7.294,
P < 0.001, Cohen’s d = —0.853) (Table 1). Further, hypercholesterinemia, smoking, hazardous
drinking, and BMI were also significantly associated with IC. Male sex (X2 = 3.553, P = 0.059,
V=0.109) and age (t = —1.760, P = 0.079, Cohen’s d = —0.206) showed a trend toward being a
significant correlate of IC.

Similar findings emerged from the multivariate analyses (Table 2): results of the binary
logistic regression analysis (x° = 76.238, P < 0.001, Cox and Snell R* = 0.224) indicated

Table 1. Characteristics of the sample stratified by IC status

Patients with IC  Patients without IC

(n = 126) (n = 174) Comparison of the groups
Sex x> = 3.553, P = 0.059, V=0.109
Female 69 (54.8) 114 (65.5)
Male 57 (45.2) 60 (34.5)
Age (years) 66.35 (8.33) 64.57 (8.82) t = —1.760, P = 0.079,d =

—0.206

Hypertonia x> = 2.668, P = 0.102, V=0.094
No 20 (15.9) 41 (23.6)
Yes 106 (84.1) 133 (76.4)
Diabetes x> = 0.008, P = 0.927, V = 0.005
No 79 (62.7) 110 (63.2)
Yes 47 (37.3) 64 (36.8)
Hypercholesterinemia x2 = 9.764, P = 0.002, V=0.180
No 43 (34.1) 91 (52.3)
Yes 83 (65.9) 83 (47.7)
Smoking X2 = 10.463, P = 0.001, V = 0.187
No 83 (65.9) 143 (82.2)
Yes 43 (34.1) 31 (17.8)
Hazardous drinking 1.79 (2.15) 1.09 (1.41) t = —3.408, P < 0.001,d = —0.399
Body mass index 28.79 (5.07) 30.91 (5.59) t = 3.369, P < 0.001, d = 0.394
Depression (continuous) 14.15 (9.80) 6.17 (9.00) t = —7294, P<0.001,d = —0.853
Depression (categorical) X2 = 57.299, P < 0.001, V = 0.437
No 53 (42.1) 146 (83.9)
Yes 73 (57.9) 28 (16.1)
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Table 2. Predictors of intermittent claudication (Binary logistic regression)

OR 95% CI P
Sex (male) 0.931 0.515-1.682 0.813
Age 1.028 0.993-1.064 0.115
Smoking 2.441 1.257-4.742 0.008
Hazardous drinking 1.192 1.017-1.397 0.030
Body mass index 0.958 0.908-1.011 0.116
Hypercholesterinemia 2.174 1.260-3.752 0.005
Hypertonia 1.371 0.667-2.818 0.391
Diabetes 1.246 0.709-2.190 0.445
Depression (continuous) 1.079 1.049-1.110 <0.001

Reference category: IC negative.
OR: odds ratio; CI: confidence interval for the odds ratio.

that depressive symptomatology [OR: 1.08 (1.05-1.11)] was significant in predicting intermit-
tent claudication, even after controlling for its well-known, traditional risk factors such as hy-
pertension, diabetes, hypercholesterinemia, smoking, hazardous drinking, and higher body mass
index. Of these traditional risk factors, smoking [OR: 2.44 (1.26-4.74)], hazardous drinking [OR:
1.19 (1.02-1.40)], and hypercholesterinemia [OR: 2.17 (1.26-3.75)] showed a significant, posi-
tive relationship with intermittent claudication.

DISCUSSION

The aim of the present study was to analyze the relationship between depression and inter-
mittent claudication in patients with lower extremity arterial disease. We have found that
depressive symptomatology was significant in predicting intermittent claudication, even after
controlling for traditional risk factors and variables related to lifestyle factors as smoking,
hazardous drinking, and BML

Beyond depression, smoking, alcohol consumption, and high cholesterol level were also
predictors of intermittent claudication in line with previous studies in this field. Smoking has
been found to be a major risk factor of intermittent claudication and thus, LEAD [3, 14] and also
is the most important risk factor for cardiovascular disorders (CVDs) [15]. Both active and
passive smoking causes endothelial dysfunction, enhances platelet aggregation, elevates serum
fibrinogen level, and reduces the dilatation of small arteries. On the other hand, smokers have
higher serum cholesterol and LDL levels and lower HDL levels when compared to non-smokers
[16]. Smoking itself comes with a 2-6 times higher risk of LEAD, and this relationship only rises
with the intensity and duration of smoking [2, 17]. Even after an individual stops smoking, this
association persists; however, the negative effects of smoking diminsh considerably beyond 10
years of cessation [18]. At the same time, smoking cessation reduces IC complaints quickly [19].

Previously, hypercholesterinemia was reported to be associated with the prevalence of LEAD
in univariate analyses [20]. A prospective, two-decade-long study which examined 51,529 men
between the age of 40 and 79 found a strong, graded, independent association with hyper-
cholesterinemia and the prevalence of LEAD [18]. However, HDL cholesterol had a protective
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effect in all epidemiological studies. In a study comparing healthy individuals with patients with
LEAD, a high total cholesterol/HDL ratio was strongly associated with the prevalence of
symptomatic LEAD [21].

There are only a few studies on the association of LEAD and alcohol consumption as it is not
considered as a major risk factor for developing LEAD [3]. Previous studies found that mild or
moderate alcohol consumption can reduce the risk of a new cardiovascular event and mortality
in patients with ischemic heart disease [22], as well as it can reduce the mortality and incidence
of ischemic heart disease [23]. However, this cardioprotective effect diminishes if the mild
drinker consumes a bigger amount of alcohol once a month [24]. The same findings were
described in the case of intermittent claudication and LEAD [25]. In a Chinese study on diabetic
patients, heavy drinking was found to be a risk factor for LEAD in a significant dose-response
relationship even after adjusting for age, gender, smoking status, body mass index, weight
change, and duration of diabetes [26].

With regard to depressive symptoms, previous studies suggested that the prevalence of
depression in patients with LEAD is similar to the prevalence estimated among other patients
with CVDs. Cross-sectional estimates of depression prevalence among patients with symp-
tomatic LEAD ranged from 11 to 48% [27]. In longitudinal studies of subjects who were
depressed at baseline, the prevalence of LEAD ranged from 3 to 36% [27]. Earlier studies
suggested that this association between LEAD and depression is rather bidirectional [14]. On
one hand, chronic illnesses like LEAD with leg symptoms affect the psychological health and
self-esteem of patients [28] but on the other hand, atherosclerotic processes due to inflammatory
cytokines can also affect cerebral activity which may result not only in cognitive dysfunctions,
but also in emotional and mood fluctuations [29].

Other researchers are of the opinion that both depression and CVDs, including LEAD, are the
manifestations of a common risk factor: the subclinical atherosclerosis, also known as “vascular
depression” [30]. There are different connecting mechanisms established in the development of
depression and vascular disease. Depression itself can lead or worsen an existing vascular disease.
Previous studies described a link between elevated serum cortisol levels and the prevalence of
depression [31]. Further, depression was reported to be associated with platelet and clotting
changes [32], elevated serum lipid levels [33], and an increased level of inflammatory cytokines
[34]. Moreover, the serum level of C-reactive protein was found to be a significant correlate to
LEAD severity and the prevalence of IC, and predicted further progression [35]. Hypalbumi-
nemia was also a risk factor for the disease [36]. Vascular mechanisms, like hypertension, reduced
heart rate variability, thromboembolism with consequent cerebral ischemia in the frontal lobe,
and basal ganglia can lead to more severe depressive symptoms [37]. On the other hand, the
psychological well-being of patients with intermittent claudication is also affected by their disease
and related functional impairment, which can further lead to an unhealthy lifestyle and worsen
the modifiable risk factors of IC [38].

At large: three different mechanisms are hypothesized in the underlying pathomechanism,
which alone, or more likely in connection, play an important role in the development of
atherosclerosis and depression [39]. The disconnection hypothesis is based on the concert of
‘disconnection syndromes’. Ischemia caused by vascular mechanisms can lead to the develop-
ment of white matter lesions contributing to depressive symptomatology by disrupting
neural connections among regions regulating mood and cognition [40]. This hypothesis was
supported by studies finding that late-life depression was associated with greater white matter
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hyperintensities in specific tracts including the cingulum bundle, uncinate fasciculus, and su-
perior longitudinal fasciculus [41]. Increased cell adhesion molecule expression was also found
in these brain areas [32].

The inflammation hypothesis presumes an age and disease-related proinflammatory state in
older individuals. A versatile etiology in older age inflammatory conditions (including chronic
stress, flu vaccination, chronic infections, and chronic inflammatory diseases like rheumatoid
arthritis) can lead to the elevated levels of IL-6 and IL-1 cytokines, which themselves are pre-
disposing factors in the development of depression [42]. Ageing itself is a proinflammatory state,
in which micro- and astroglia-produced cytokines have a key role. These polypeptides regulate
neuronal and other cell regeneration and removal thus sustaining homeostasis [43]. This hy-
pothesis raises the possible role of anti-inflammatory medications in the treatment of depres-
sion, independently of any vascular risk factors [39].

Finally, according to the hypoperfusion hypothesis, vascular dysregulation is common in late
life depression [44] and cerebral blood flow reductions can impair regional brain function,
contributing to affective and cognitive symptoms.

Limitations of the present study also need to be acknowledged. First, the cross-sectional
design of the present study does not allow firm conclusions to be drawn regarding the direction
of the relationship between IC and depression. Second, recruitment of participants was not
systematic or random and occurred in the primary care setting making it difficult to evaluate the
generalizability of the findings.

CONCLUSIONS

We have found that depressive symptomatology was significant in predicting intermittent
claudication, even after controlling for traditional risk factors. The early recognition of both
IC and depressive symptomatology are crucial in the management of lower extremity
arterial disease. Our results underscore the importance of a multidisciplinary approach that
focuses on supporting health-related behavioral changes (cf. diet, exercise, and substance
use) and managing mental health symptoms when providing care for individuals suffering
from IC.
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