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Patients with peripheral arterial disease (PAD) frequently experience ischaemic attacks of the affected tissues during exercise. The present study assesses the association of transient exercise-induced leg ischaemia with vasodilator function of the clinically unaffected brachial artery over the course of 4 hours. Thirty male patients with symptomatic PAD and 14 age-and sex-matched healthy controls were included in the study. They performed a treadmill exercise until intolerable exerciseinduced ischaemic pain occurred in the affected lower extremity, or for at most 10 min. Flow-mediated dilation (FMD) of the brachial artery was measured at baseline, 30 minutes, 2 hours and 4 hours after exercise. Baseline FMD values were significantly diminished in patients (7.03 ± 1.99% vs 8.22 ± 1.60% in controls, p = 0.009). A significant decrease in FMD was observed in patients after exercise (at 30 minutes: 3.92 ± 1.78% vs 7.03 ± 1.99% at baseline, p < 0.001; at 2 hours: 6.36 ± 2.12% vs 7.03 ± 1.99% at baseline, p = 0.005), followed by a gradual return to its baseline value, whereas FMD in controls non-significantly increased after exercise. The difference in the pattern of FMD change over time between patients and controls was significant (p < 0.001). This study shows that in PAD patients ischaemia during intermittent claudication is related to a transitory functional deterioration of the distant arteries. This indicates the harmful systemic effects of repeated ischaemic attacks during exercise and might explain the generalized and advanced nature of atherosclerotic disease in PAD patients.

Introduction

Many patients with peripheral arterial disease (PAD) experience ischaemic attacks in hypoperfused tissues during physical activityintermittent claudication. In these patients, atherosclerotic disease has been observed to be more advanced and generalized than in healthy individuals of comparable ages. [START_REF] Ouriel | Peripheral arterial disease[END_REF][START_REF] Brevetti | Increased inflammatory status and higher prevalence of three-vessel coronary artery disease in patients with concomitant coronary and peripheral atherosclerosis[END_REF] But exact mechanisms leading to enhanced atherosclerosis in PAD patients have not been well explained. Some studies have shown increased levels of pro-inflammatory cytokines in the circulation and additional deterioration of systemic vasodilator function shortly after intermittent claudication in PAD patients. [START_REF] Brevetti | Exercise increases soluble adhesion molecules ICAM-1 and VCAM-1 in patients with intermittent claudication[END_REF][START_REF] Signorelli | High circulating levels of cytokines (IL-6 and TNFα), adhesion molecules (VCAM-1 and ICAM-1) and selectins in patients with peripheral arterial disease at rest and after a treadmill test[END_REF][START_REF] Silvestro | Vitamin C prevents endothelial dysfunction induced by acute exercise in patients with intermittent claudication[END_REF][START_REF] Silvestro | Effect of propionylcarnitine on changes in endothelial function and plasma levels of adhesion molecules induced by acute exercise in patients with intermittent claudication[END_REF] These findings support the concept of harmful mediators repeat-edly released from peripheral tissues to the circulation after each exercise-induced ischaemic episode, with the effects exceeding their initial local nature. On the contrary, however, other studies indicate the long-term beneficial effects of physical activity on systemic vasodilator function, [START_REF] Brendle | Effects of exercise rehabilitation on endothelial reactivity in older patients with peripheral arterial disease[END_REF] on reducing cardiovascular events and mortality in PAD patients [START_REF] Garg | Physical activity during daily life and mortality in patients with peripheral arterial disease[END_REF] and on improvement of the exercise capability of PAD patients. [START_REF] Gardner | Exercise rehabilitation programs for the treatment of claudication pain: a metaanalysis[END_REF] Impaired vascular function is considered to be a risk factor for the development of atherosclerosis and cardiovascular events. [START_REF] Gonzalez | Endothelial function, inflammation, and prognosis in cardiovascular disease[END_REF] It is present in all stages of PAD, is already in asymptomatic patients, and is related to the severity of the disease. [START_REF] Silvestro | Inflammatory status and endothelial function in asymptomatic and symptomatic peripheral arterial disease[END_REF] One of the most widely used and until now well-recognized methods of vascular (dys)function assessment, is measurement of the capability of endotheliumdependent dilation of arteries during the provocation of nitric oxide (NO) release. It is diminished when reduced amounts of vasodilatory substances are released from the functionally damaged endothelial cells, above all NO. [START_REF] Celermajer | Endothelium-dependent dilation in the systemic arteries of asymptomatic subjects relates to coronary risk factors and their interaction[END_REF][START_REF] Healy | Endothelial cell dysfunction: an emerging endocrinopathy linked to coronary disease[END_REF] The capability of vasodilation depends not only on endothelial function, but also on vascular smooth muscle function. However, in patients with atherosclerotic vascular disease and/or risk factors, endothelial function is particularly impaired, while vascular smooth muscle function is principally unaffected. [START_REF] Silvestro | Inflammatory status and endothelial function in asymptomatic and symptomatic peripheral arterial disease[END_REF][START_REF] Poredoš | Relation of blunted dilation of the brachial artery in insulin-dependent diabetes mellitus to microalbuminuria[END_REF] To date, there are no published data on the duration of changes and vasodilator function in PAD patients after intermittent claudication. Therefore, the aim of this study was to assess the time course of changes in vasodilator function of the clinically unaffected brachial artery after acute exerciseinduced leg ischaemia in PAD patients. Since vasodilatory response of the conduit peripheral arteries might be provoked by an increased blood flow, [START_REF] Celermajer | Endothelium-dependent dilation in the systemic arteries of asymptomatic subjects relates to coronary risk factors and their interaction[END_REF] vasodilator function was investigated during reactive hyperaemia in the brachial artery and the term flow-mediated vasodilation (FMD) is used hereafter in this study.

Materials and methods

Participants and study protocol

Thirty patients with intermittent claudication (all males, median age (interquartile range): 60.6 (54.9-62.6) years, range 44.5-65.4 years) and 14 age-and sex-matched healthy volunteers (age 57.8 (52.4-63.0) years, range 45.1-65.2 years) were included. Patients were recruited to the study from the Department for Vascular Medicine at the University Medical Centre in Ljubljana, after exclusion of symptomatic coronary artery disease and cerebrovascular disease in the past year. They met the clinical criteria for stage II of the Fontaine classification, [START_REF] Fontaine | Die chirurgische behandlung der peripheren durchblutungsstörungen[END_REF] with the symptoms lasting at least 6 months. Except for intermittent claudication, they had no other exercise-limiting factors. All had stable PAD (the absence of disease deterioration, according to their medical reports) and no acute vascular event in the last 3 months before inclusion in the study. One patient had a history of clinically manifest coronary artery disease in the past. Participants had not been exposed to cigarette smoke for at least 6 months. Exclusion criteria were: diabetes, heart failure, atrial fibrillation, renal or liver disease, or inflammatory disease of any aetiology. All patients were receiving acetylsalicylic acid (100 mg daily), and some of them additionally pentoxifylline (1200 mg daily) and/or statin (simvastatin or atorvastatin, different daily doses). None of the patients had received any antihypertensive/vasoactive or other anti-inflammatory medications for at least 14 days, or any invasive treatment in the last 6 months before the study. After the exclusion of contraindications, acetylsalicylic acid (100 mg daily) was temporarily introduced in healthy control participants a week before the examinations. At least 2 days before the examinations, the participants were not exposed to significant physical exercise. Examinations were performed in the morning, after a 12-hour overnight fast, including from caffeine. All participants gave their informed consent to take part in the study, approved by the Slovene National Ethics Committee.

After taking their medical history and a brief physical examination, body height and weight were measured and body mass index (BMI) calculated (weight [kg]/height 2 [m]). Systolic and diastolic blood pressures were recorded and ankle systolic pressure was measured in both legs with a Doppler ultrasound probe. The measurements of brachial and ankle systolic pressures were repeated immediately and 5 min after exercise. On each occasion, the ankle-brachial index (ABI) was calculated for both legs and the lower value used in further analysis.

Blood samples were taken at the beginning of the study, after a 20-min rest, from the left antecubital vein. Patients performed exercisea constant load treadmill test (12°slope, 3.2 km/h)also continuing after the onset of ischaemic pain, until the pain in the affected lower extremity became intolerable. Then the walking distance up to the onset of intermittent claudication and the maximal walking distance were calculated. Control participants exercised under the same protocol for 10 min. The measurements of FMD were performed before exercise and then 30 min, 2 h and 4 h after exercise.

Ultrasound examinations

In all participants, non-invasive ultrasound studies of vascular function were performed using the standard 10-MHz linear array transducer of a highresolution ultrasound system (ATL Ultrasound, Bothell, USA).

Investigation of vascular function was based on the technique described by Celermajer, et al. [START_REF] Celermajer | Noninvasive detection of endothelial dysfunction in children and adults at risk of atherosclerosis[END_REF] The right brachial artery diameter proximal to the antecubital fossa and blood flow velocity were measured in the longitudinal plane at rest and during reactive hyperaemia. Reactive hyperaemia was achieved by rapid release of a pneumatic pressure cuff placed around the forearm and inflated to a suprasystolic pressure for 5 min. Blood flow velocity was measured by a mid-artery pulsed Doppler signal at an angle of 68°to the vessel, obtained at rest and during reactive hyperaemia 15 s after forearm cuff deflation. Brachial artery flow for both study conditions was calculated from blood flow velocity and arterial diameter. Measurements of brachial artery diameter were performed at the end of diastole, which was determined by simultaneous monitoring of the electrocardiogram. Brachial artery diameter was measured by an independent observer, at a fixed distance from a selected anatomic marker. Each measurement was performed three times, recorded and then averaged. FMD was expressed as the change in the end diastolic brachial artery diameter during reactive hyperaemia 60 s after forearm cuff deflation compared to its baseline value.

Blood sampling and analyses

Blood was sampled from the left antecubital vein, using a tourniquet applied for 1 min or less. No blood additives were used for basic haematological and biochemical examinations. For the analysis of fibrinogen and oxidatively modified low-density lipoprotein (ox-LDL), blood was allowed to flow directly into a siliconized glass vacuum tube containing 0.13 mol l -1 trisodium citrate. Immediately after sampling, the blood was centrifuged for 30 min in a refrigerated centrifuge at 4°C and 2000 g. Platelet-poor plasma was transferred to small plastic vials, frozen in liquid nitrogen and stored at -70°C until analysed. For the assay of C-reactive protein (CRP), serum samples were frozen in liquid nitrogen and stored at -70°C until analysed.

Serum CRP levels were determined using an immunonephelometric method (N Latex High Sensitivity CRP™, Dade Behring GmbH, Liederbach, Germany). Fibrinogen was assessed by the Clauss clotting method (Multifibren* U, Dade Behring, Marburg, Germany). [START_REF] Clauss | Gerinnungsphysiologische Schnellmetode zur Bestimmung des Fibrinogens[END_REF] Blood glucose concentration and lipid profile were determined using routine enzymatic methods and LDL cholesterol was calculated using the Friedewald formula. [START_REF] Friedewald | Estimation of the concentration of low-density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge[END_REF] An enzymelinked immunosorbent assay was used for the measurement of plasma ox-LDL (Mercodia Oxidized LDL ELISA, Mercodia AB, Uppsala, Sweden).

Statistical analysis

The SPSS 15.0 statistical package for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. The distribution of variables was tested with the Kolmogorov-Smirnov test. Variables with a normal distribution were shown as means and standard deviations, and differences between the groups were tested with the Student's t-test for independent samples or analysed by one-way analysis of variance (ANOVA). Since patient and control groups were not comparable regarding brachial artery diameter, the brachial artery diameter was adjusted for in further analysis where appropriate. Differences in FMD between the groups were analysed by one-way analysis of covariance (ANCOVA), with brachial artery diameter as a covariate. Variables with a non-normal distribution were shown as medians with ranges between the first and the third quartiles, while differences between two groups were tested with the Mann-Whitney rank sum test. The relationships between two cate-gorical variables were tested with the chi-squared test. For correlation analysis, Pearson's correlation coefficient was calculated for variables with normal distribution, and Spearman's rank-correlation coefficient for variables with non-normal distribution. Repeated measures of FMD were analysed by two-way mixed ANCOVA, with time of measurement as a repeated measure, the presence of symptomatic PAD as a between-groups variable, and baseline brachial artery diameter as a covariate. Repeated measures of brachial artery diameter and flow were analysed by two-way mixed ANOVA, with time of measurement as a repeated measure and the presence of symptomatic PAD as a between-groups variable. A two-tailed value of p < 0.05 was considered statistically significant.

Results

Clinical and biochemical characteristics

Baseline characteristics of patients and controls are shown in Table 1. We found a past smoking history, hyperlipoproteinaemia and untreated mild or moderate arterial hypertension more frequent in patients than in controls. Out of 28 (93%) patients with hyperlipoproteinaemia, 23 (82%) were insufficiently treated.

All participants completed the study without any serious adverse events. Except for a longer period since cessation of smoking, higher ABI, and lower serum triglycerides and plasma ox-LDL in controls, there were no significant differences in clinical and biochemical characteristics between patients and controls (Table 2). Plasma ox-LDL was significantly higher in patients (55.8 ± 17.1 U l -1 vs 6.3 ± 1.6 U l -1 in controls, p < 0.001), and in patients was negatively correlated with time since smoking cessation (r = -0.41, p = 0.027).

In patients, the median walking distance up to the onset of intermittent claudication was 82 m (interquartile range 59-112 m), and the median value of maximal walking distance was 220 m (interquartile range 120-471 m). The leg with the lowest ABI was always the leg with the limiting claudication.

Of 30 patients included, 20 (67%) were receiving statins, and among the latter only 5 (25%) were achieving target lipid values according to NCEP ATP III Guidelines. Serum lipid values were lower in patients with statin treatment, most prominently LDL cholesterol (2.45 ± 0.73 mmol l -1 vs 3.16 ± 1.42 mmol l -1 in patients without statin treatment, p = 0.079). However, we found no significant differences in baseline clinical and biochemical characteristics between patients with or without statin treatment (data not shown).

Haemodynamic measurements

Before performing ultrasound measurements of vascular function, we investigated the morphology of the examined brachial artery segment. We found no disease-induced changes of the arterial wall structure and no indirect signs of the involvement of proximal brachial artery disease (e.g. pathological blood flow pattern) in any participant.

Values of resting brachial artery diameter were significantly lower in patients (4.41 ± 0.51 mm vs 4.80 ± 0.37 mm in controls, p = 0.015). But there was no significant difference in hyperaemic brachial artery flow between both the groups studied (303 ± 113 ml min -1 in patients vs 286 ± 99 ml min -1 in controls, p = 0.648). In comparison with healthy controls, patients had borderline diminished capa-bility of baseline FMD (7.03 ± 1.99% vs 8.22 ± 1.60%, p = 0.057). This difference was significant after adjustment for brachial artery diameter (p = 0.009). The baseline FMD value was higher in patients with statin treatment, but the difference between patients with or without statin treatment was not significant (7.24 ± 1.81% vs 6.60 ± 2.36% in patients without statin treatment, p = 0.413).

Vasodilator function after intermittent claudication

The values of resting brachial artery diameter, heart rate and blood pressure did not change significantly between the repeated FMD measurements. Hyperaemic brachial artery flow did not change significantly after exercise in patients, but it was significantly increased after exercise in controls (Table 3). However, the difference in hyperaemic brachial artery flow between both the groups studied was significant only 2 hours after exercise (276 ± 115 ml min -1 in patients vs 367 ± 124 ml min -1 in controls, p = 0.021). FMD decreased at 30 min after exercise and then gradually increased to its baseline value in patients, contrary to a slight non-significant increase after exercise in controls (Figure 1). The difference in FMD change between patients and controls over time was significant (F (1.86, 76. 3. In comparison with its baseline value, FMD was significantly decreased in patients at 30 min (p < 0.001) and at 2 h after exercise (p = 0.005). In comparison with controls, the FMD value was significantly lower in patients at 30 min (p < 0.001), 2 h (p < 0.001) and 4 h after exercise (p = 0.002).

Analysis of correlations between FMD and different parameters

The correlation coefficients between FMD values and different parameters in all participants are shown in Table 4. In all participants together, the baseline FMD was significantly negatively related to age (r = -0.41, p = 0.006) and arterial hypertension (r = -0.36, p = 0.017). We also found significant correlations between FMD values after exercise (at 30 min or 2 h) and the presence of clinically manifest PAD, arterial hypertension, ABI, maximal walking distance, baseline FMD and plasma ox-LDL. There were no significant correlations between FMD values and time since smoking cessation, serum lipids, blood glucose and CRP.

Discussion

The present study describes the association of acute ischaemia during intermittent claudication in PAD patients with systemic vasodilator function over the course of several hours. This issue is of importance in view of the existing interest in prescribing physical training as a crucial part of the treatment of patients with atherosclerotic vascular disease, [START_REF] Ignarro | Nutrition, physical activity, and cardiovascular disease: an update[END_REF] especially PAD. [START_REF] Gardner | Exercise rehabilitation programs for the treatment of claudication pain: a metaanalysis[END_REF][START_REF] Stewart | Exercise training for claudication[END_REF] There is evidence of the long-term beneficial effects of physical activity in PAD patients. [START_REF] Brendle | Effects of exercise rehabilitation on endothelial reactivity in older patients with peripheral arterial disease[END_REF][START_REF] Garg | Physical activity during daily life and mortality in patients with peripheral arterial disease[END_REF][START_REF] Stewart | Exercise training for claudication[END_REF] In contrast, some studies [START_REF] Signorelli | High circulating levels of cytokines (IL-6 and TNFα), adhesion molecules (VCAM-1 and ICAM-1) and selectins in patients with peripheral arterial disease at rest and after a treadmill test[END_REF][START_REF] Silvestro | Vitamin C prevents endothelial dysfunction induced by acute exercise in patients with intermittent claudication[END_REF] have suggested that exercise-induced transitory leg ischaemia in these patients leads to a release of anaerobic metabolites and their products to the circulation during the reperfusion period, with potentially harmful systemic effects. However, the results of the latter studies could be biased by the influence of medications and concomitant symptomatic atherosclerotic vascular disease of other locations in some participants, as well as the essential differences in the expression of some atherosclerotic risk factors between patients and controls (current smoking status, diabetes). Impaired vascular function has been recognized as the earliest measurable change of the arterial wall in atherogenesis [START_REF] Celermajer | Noninvasive detection of endothelial dysfunction in children and adults at risk of atherosclerosis[END_REF] and a predictor of future cardiovascular events in patients with atherosclerotic vascular disease. [START_REF] Brevetti | Endothelial dysfunction and cardiovascular risk prediction in peripheral arterial disease. Additive value of flowmediated dilation to ankle-brachial pressure index[END_REF] In the present study, we performed the widely used non-invasive ultrasound measurement of FMD [START_REF] Celermajer | Noninvasive detection of endothelial dysfunction in children and adults at risk of atherosclerosis[END_REF] for studying vasodilator function. It was derived from previous observations that FMD additionally decreased in PAD patients shortly after exercise-induced maximal tolerable leg ischaemia. [START_REF] Silvestro | Vitamin C prevents endothelial dysfunction induced by acute exercise in patients with intermittent claudication[END_REF][START_REF] Silvestro | Effect of propionylcarnitine on changes in endothelial function and plasma levels of adhesion molecules induced by acute exercise in patients with intermittent claudication[END_REF] To assess the duration of this phenomenon, we extended the observation time to 4 hours. Therefore, we followed the time course of changes in FMD of the clinically unaffected brachial artery after acute exercise-induced leg ischaemia in PAD patients.

As expected, we found significantly lower FMD values in PAD patients throughout the study. Our results further showed decreased FMD in PAD patients 30 min after exercise, followed by its gradual increase back to the baseline value at 4 hours after exercise, while in controls no significant changes of FMD were observed over time (Figure 1). A transitory decrease of FMD occurred in PAD patients after intermittent claudication in the absence of significant changes in hyperaemic flow stimulus and resting vessel diameter. This indicates the link between acute exercise-induced ischaemia and vasodilator function. The gradual improvement of FMD after cessation of ischaemic stimulus in PAD patients could be achieved through activation of adaptational mechanisms responsible for NO release and vascular function.

This study demonstrated non-significantly higher baseline FMD values in a subgroup of PAD patients with statin treatment. However, in view of the relatively small number of patients in each subgroup (with and without statin treatment), these results do not exclude a more impaired vasodilator function in patients without statin treatment, as indicated in recent studies. [START_REF] Jarvisalo | HMG CoA reductase inhibitors are related to improved systemic endothelial function in coronary artery disease[END_REF][START_REF] Taneva | Early effects on endothelial function of atorvastatin 40 mg twice daily and its withdrawal[END_REF] Also, this discrepancy between previous studies and the present results might partly be attributed to undertreatment with statins, leading to not entirely recognized statin effects in our PAD patients. Considering the NCEP ATP III Guidelines, [START_REF] Grundy | Implications of recent clinical trials for the National Cholesterol Education Program Adult Treatment Panel III Guidelines[END_REF] the majority of PAD patients in the present study had insufficiently treated hyperlipoproteinaemia.

The baseline FMD values observed in our study in PAD patients were comparable with those in other studies performed in this clinical setting. [START_REF] Brevetti | Endothelial dysfunction and cardiovascular risk prediction in peripheral arterial disease. Additive value of flowmediated dilation to ankle-brachial pressure index[END_REF][START_REF] Loffredo | Oxidativestress-mediated arterial dysfunction in patients with peripheral arterial disease[END_REF] On the contrary, baseline FMD values in the controls were lower than those observed in many other studies, [START_REF] Silvestro | Vitamin C prevents endothelial dysfunction induced by acute exercise in patients with intermittent claudication[END_REF][START_REF] Loffredo | Oxidativestress-mediated arterial dysfunction in patients with peripheral arterial disease[END_REF] although still significantly higher than in PAD patients.

The lower FMD values observed in controls in the present study could be explained by the presence of some atherosclerotic risk factors, particularly age (over 40 years). [START_REF] Celermajer | Aging is associated with endothelial dysfunction in healthy men years before the age-related decline in women[END_REF] Vascular dysfunction is considered as a forerunner of atherosclerotic presentations of cardiovascular disease, [START_REF] Gonzalez | Endothelial function, inflammation, and prognosis in cardiovascular disease[END_REF] preceding other measurable changes in atherogenesis. [START_REF] Poredoš | Endothelial dysfunction and cardiovascular disease[END_REF] As ABI probably has insufficient sensitivity for the detection of early atherosclerotic changes in the arterial wall, [START_REF] Mcdermott | Ankle-brachial index and subclinical cardiac and carotid disease. The multi-ethnic study of atherosclerosis[END_REF] it could be assumed that perhaps initial subclinical atherosclerosis was already present in these controls. This assumption is further supported by the lack of significant differences in CRP and fibrinogen levels between the PAD patients and controls in this study, as higher levels of both inflammatory markers were demonstrated in atherosclerotic vascular disease in previous studies. [START_REF] Brevetti | Endothelial dysfunction in peripheral arterial disease is related to increase in plasma markers of inflammation and severity of peripheral circulatory impairment but not to classic risk factors and atherosclerotic burden[END_REF][START_REF] Ridker | Novel risk factors for systemic atherosclerosis. A comparison of C-reactive protein, fibrinogen, homocysteine, lipoprotein(a), and standard cholesterol screening as predictors of peripheral arterial disease[END_REF] To avoid the possible influence of acetylsalicylic acid on inflammatory markers in this study, it was introduced temporarily in controls than run the risk of potential vascular events after its withdrawal in PAD patients. [START_REF] Blinc | Pharmacological prevention of atherothrombotic events in patients with peripheral arterial disease[END_REF] The expression of atherosclerotic risk factors was partially unbalanced in both examined groups. Arterial hypertension was more frequent in PAD patients than in controls, but further analysis revealed no significant differences in the absolute values of systolic and diastolic blood pressure between the two groups. However, we could not avoid the shorter time since smoking cessation and higher serum triglycerides in PAD patients.

A significantly higher plasma ox-LDL was demonstrated in PAD patients, associated with time since smoking cessation. This finding is in line with the results of a previous study that reported increased circulating ox-LDL in atherosclerotic vascular disease, also at the subclinical stage. [START_REF] Holvoet | for the Multi-Ethnic Study of Atherosclerosis. The relationship between oxidized LDL and other cardiovascular risk factors and subclinical CVD in different ethnic groups: The Multi-Ethnic Study of Atherosclerosis (MESA)[END_REF] Furthermore, in patients with atherosclerotic risk factor hypercholesterolemia, plasma ox-LDL was found to be associated with vascular function. [START_REF] Matsuoka | Endothelial dysfunction associated with oxidative stress in human[END_REF] In general, plasma ox-LDL in the present study was associated with FMD values throughout the study, considering all individuals (patients and controls) investigated together. Since patients with coronary artery disease and higher oxidative stress and impaired vascular function were observed to be particularly prone to future cardiovascular events, [START_REF] Heitzer | Endothelial dysfunction, oxidative stress, and risk of cardiovascular events in patients with coronary artery disease[END_REF] it can be presumed that the additional decrease in FMD associated with intermittent claudication, although transitory and of short duration, may be responsible for the progression of and the more advanced stage of atherosclerosis in PAD patients.

Study limitations

PAD patients with diabetes mellitus were not included in the study due to their expected (at least subclinical) neuropathy, [START_REF] Boulton | Diabetic neuropathies. A statement by the American diabetes association[END_REF] with consequent disturbance in the perception of pain and/or possible different vascular response. Furthermore, we omitted FMD measurement immediately after exercise, since the expected increase in baseline brachial artery diameter at that time might result in a decreased additional FMD response during reactive hyperaemia as a consequence of systemic vasodilation caused by exercise.

Conclusion

This study shows that in PAD patients ischaemia during intermittent claudication is related to a transitory decrease of FMD of the clinically unaffected distant brachial artery. These findings indicate that acute local exercise-induced ischaemia is associated with transitory generalized functional deterioration of the arterial wall. Repeated local ischaemic events during intermittent claudication, associated with potentially harmful systemic effects, might explain the more advanced and generalized nature of atherosclerotic disease in PAD patients.

  27) = 33.63, p < 0.001). Comparing each point in time after exercise with the baseline, we found significant differences in FMD change between patients and controls at 30 min (F (1, 41) = 57.68, p < 0.001), 2 h (F (1, 41) = 7.55, p = 0.009) and 4 h (F (1, 41) = 4.79, p = 0.034) after exercise. The detailed results of further analysis are shown in Figure 1 and Table

Figure 1

 1 Figure 1 Flow-mediated vasodilation (FMD) at baseline and after exercise (at 30 min, 2 h and 4 h) in patients (n = 30) and controls (n = 14). Data are presented as mean values, for clearer visualization without error bars. *p < 0.01 between patients and controls. p 1 , compared with baseline in patients.

Table 1

 1 Baseline characteristics of PAD patients and controlsData are presented as a number (percentage) or as a median value and interquartile range. The p-value refers to comparison of patients and controls by the Mann-Whitney rank-sum test or chi-squared test, where feasible. PAD, peripheral arterial disease.

	Parameter	Patients (n = 30)	Controls (n = 14)	p-value
	Age (years)	60.6 (54.9-62.6)	57.8 (52.4-63.0)	0.640
	Smoking history			
	Current smokers	0	0	
	Former smokers	29 (97%)	6 (43%)	
	Time since smoking cessation (years)	2.0 (1.0-6.0)	15.5 (12.2-19.7)	< 0.001
	Diabetes	0	0	
	Arterial hypertension	14 (47%)	3 (21%)	0.184
	Hyperlipoproteinaemia	28 (93%)	9 (64%)	
	Medications			
	Acetylsalicylic acid	30 (100%)	30 (100%)	
	Pentoxifylline	6 (20%)	0	
	Statin	20 (67%)	0	

Data are presented as mean values ± SD or as median values and interquartile range. The p-value refers to comparison of patients and controls by the independent t-test or Mann-Whitney rank-sum test. PAD, peripheral arterial disease; ABI, ankle-brachial index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein; ox-LDL, oxidatively modified low-density lipoprotein.

Table 3

 3 Haemodynamic measurements at baseline and after exercise (at 30 min, 2 h and 4 h) in patients (n = 30) and controls (n = 14) Data are presented as mean values ± SD. The p-value refers to comparison of response difference in patients and controls by ANOVA for repeated measurements. *p < 0.05 in comparison with the baseline values. FMD, flow-mediated vasodilation.

	Parameter	Baseline	30 min	2 h	4 h	p-value
	Resting brachial artery diameter (mm)				
	Patients	4.41 ± 0.51	4.42 ± 0.53	4.42 ± 0.55	4.41 ± 0.51	0.847
	Controls	4.80 ± 0.37	4.81 ± 0.34	4.81 ± 0.32	4.82 ± 0.36	
	Resting brachial artery flow (ml min -1 )				
	Patients	62 ± 31	73 ± 38*	56 ± 40	52 ± 35*	0.908
	Controls	56 ± 32	63 ± 22	52 ± 29	45 ± 27	
	Hyperaemic brachial artery flow (ml min -1 )				
	Patients	303 ± 113	278 ± 138	276 ± 115	294 ± 112	0.010
	Controls	286 ± 99	340 ± 106*	367 ± 124*	350 ± 124*	
	FMD (%)					
	Patients	7.03 ± 1.99	3.92 ± 1.78*	6.36 ± 2.12*	7.03 ± 1.99	<0.001
	Controls	8.22 ± 1.60	8.66 ± 1.88	8.64 ± 1.76	8.64 ± 1.57	

Table 4

 4 Correlations between FMD values (baseline, at 30 min and 2 h after exercise) and different parameters in all individuals (n = 44)

	Baseline FMD	FMD at 30 min	FMD at 2 h
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