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Introduction

Chronic fatigue syndrome (CFS) is a heterogeneous disorder of unknown etiology affecting neurological, immunological and cardiovascular systems. The syndrome, which is poorly understood, is characterized by disabling exercise intolerance with significantly reduced activity levels that have been linked to intracellular immune deregulation [START_REF] Nijs | Chronic fatigue syndrome: exercise performance related to immune dysfunction[END_REF]. There is also accumulating evidence that the cardiovascular system is compromised in many CFS patients with reports of autonomic dysfunction [START_REF] Yoshiuchi | Use of time-frequency analysis to investigate temporal patterns of cardiac autonomic response during head-up tilt in chronic fatigue syndrome[END_REF], attenuated heart rate and blood pressure regulation [START_REF] Debecker | Exercise capacity in chronic fatigue syndrome[END_REF] with increased vasomotor tone and loss of beat-to-beat heart rate control [START_REF] Stewart | Autonomic nervous system dysfunction in adolescents with postural orthostatic tachycardia syndrome and chronic fatigue syndrome is characterized by attenuated vagal baroreflex and potentiated sympathetic vasomotion[END_REF]; such abnormalities contribute to destabilization of blood pressure and orthostatic intolerance [START_REF] Spence | Standing up for ME: Cardiovascular mechanisms of orthostatic intolerance[END_REF] and, in the more severe CFS cases, a reduced cardiac output [START_REF] Peckerman | Abnormal impedance cardiography predicts symptom severity in chronic fatigue syndrome[END_REF].

Oxidative processes are increasingly being linked to symptoms in CFS [START_REF] Richards | Blood parameters indicative of oxidative stress are associated with symptom expression in chronic fatigue syndrome[END_REF][START_REF] Manuel-Y-Keenoy | Antioxidant status and lipoprotein peroxidation in chronic fatigue syndrome[END_REF][9] and we have recently demonstrated that CFS patients have increased in-vivo lipid peroxidation with elevated levels of F2-isoprostanes that correlate with post-exertional myalgia, the dominating symptom that characterizes most patients [START_REF] Kennedy | Oxidative stress levels are raised in chronic fatigue syndrome and are associated with clinical symptoms[END_REF]. We also showed that our patients have raised concentrations of active transforming growth factor β1 [START_REF] Kennedy | Increased neutrophil apoptosis in chronic fatigue syndrome[END_REF] and we postulated that CFS was pro-inflammatory with many patients in a pro-oxidant state consistent with significant cardiovascular risk [START_REF] Kennedy | Oxidative stress levels are raised in chronic fatigue syndrome and are associated with clinical symptoms[END_REF].

C-reactive protein (CRP) is an acute phase protein and a sensitive but non-specific biochemical marker of chronic inflammation. Highly sensitive assays have consistently shown CRP to be a robust and independent predictor of cardiovascular risk [START_REF] Rifai | High-sensitivity C-reactive protein: a novel and promising marker of coronary heart disease[END_REF] including in healthy individuals without any evidence of cardiovascular disease [START_REF] Bassuk | High-sensitivity C-reactive protein: clinical importance[END_REF].

Markers of inflammation, including raised CRP levels, have already been demonstrated in some CFS patients [START_REF] Buchwald | Markers of inflammation and immune activation in chronic fatigue and chronic fatigue syndrome[END_REF] but little is known about the relationship between chronic inflammation and prognostic indicators of cardiovascular risk in this patient group. In other populations, elevated CRP has been consistently linked to increased pulse wave velocity [15,[START_REF] Yasmin | C-reactive protein is associated with arterial stiffness in apparently healthy individuals[END_REF], and in some, but not all, studies with augmentation index [15][START_REF] Yasmin | C-reactive protein is associated with arterial stiffness in apparently healthy individuals[END_REF][START_REF] Kullo | Acute systemic inflammation increases arterial stiffness and decreases wave reflections in healthy individuals[END_REF][18], which is a combined measure of elastic and muscular arterial stiffness and wave reflection.

Van de Putte, et al [START_REF] Van De Putte | Is chronic fatigue syndrome a connective tissue disorder? A cross-sectional study in adolescents[END_REF] recently reported increased arterial stiffness and hypotension in a cohort of 32 adolescent CFS patients, age range 12 to 18 years, which could not be explained by changes in arterial wall characteristics or lifestyle changes. Vascular stiffness, however, impacts on resting and exercise-induced haemodynamics and may contribute to orthostatic hypotension by blunting cardiovagal baroreflex sensitivity in response to changes of arterial pressure in barosensitive regions such as the aorta and carotid arteries [START_REF] Van De Putte | Is chronic fatigue syndrome a connective tissue disorder? A cross-sectional study in adolescents[END_REF], and may also the worsen cardiac performance under conditions of augmented preload in CFS patients [START_REF] Peckerman | Abnormal impedance cardiography predicts symptom severity in chronic fatigue syndrome[END_REF].

Given the association between inflammation and increased arterial stiffness in other populations, and the recent emerging evidence that increased arterial stiffness is an independent predictor of adverse cardiovascular outcome [START_REF] Mattace-Raso | Arterial stiffness and risk of coronary heart disease and stroke[END_REF], we sought to investigate the relationship between CRP levels and augmentation index in well characterised CFS patients. Augmentation index has been shown to be a useful marker of cardiovascular risk both in healthy subjects and in patients with cardiovascular disease [START_REF] Nürnberger | Augmentation index is associated with cardiovascular risk[END_REF][START_REF] Coviv | Aortic pulse wave velocity and arterial wave reflection predict the extent and severity of coronary artery disease in chronic kidney disease patients[END_REF], and is independently associated with adverse cardiovascular events [START_REF] Weber | Increased arterial wave reflections predict severe cardiovascular events in patients undergoing percutaneous coronary interventions[END_REF][START_REF] Chirinos | Aortic pressure augmentation predicts adverse cardiovascular events in patients with established coronary artery disease[END_REF][START_REF] Laurent | Expert consensus document on arterial stiffness: methodological issues and clinical applications[END_REF][START_REF] Agabiti-Rosei | Central blood pressure measurements and antihypertensive therapy: a consensus document[END_REF][START_REF] London | Arterial wave reflections and survival in end-stage renal failure[END_REF].

Subjects and Methods

Forty one subjects (19-63 years old) were recruited from a local register of CFS/ME patients and underwent a medical examination by the same physician; all were found to fulfil the Centres for Disease Control (CDC) classification for CFS [START_REF] Fukuda | Chronic fatigue syndrome: a comprehensive approach to its definition and study[END_REF]. Any patient with either an inflammatory or systemic disease history was excluded. The mean length of illness was 9.2 years (SD 5.7 years). Seventeen patients were on more than one medication. Ten patients were on low dose amitriptyline taken at night for sleeping problems, 8 were on thyroxine, 13 patients were on paracetamol based drugs, 3 were on β-blockers, and 5 were on benzodiazepine derivatives. Thirty healthy volunteers (19-63 years old) were also recruited from the local community and served as the control group. Details of the CFS patients and control subjects are given in Table 1. The local medical ethics committee approved the study and all volunteers gave written informed consent.

Blood samples were obtained from the antecubital fossa and collected into tubes containing EDTA for plasma or clotting beads for serum preparation. All blood samples were taken at the same time of day. The blood was centrifuged immediately for EDTA plasma preparation for 15 minutes at 3500rpm at 4°C. The serum tube was placed in a water bath at 37°C for 1 hour before it was centrifuged for 15 minutes at 3500rpm at 4°C. The plasma or serum was removed, aliquoted and stored at -70°C until assayed for 8-iso-prostaglandin F2α isoprostanes, CRP, tumor necrosis factor α (TNFα), interleukin 1 (IL-1), total and high density lipoprotein (HDL) cholesterol, and oxidised low density lipoprotein (LDL) cholesterol. Plasma isoprostanes were measured by gas chromatography-mass spectrometry following the method described by Roberts and Morrow [START_REF] Roberts | Measurement of F 2 isoprosotanes as an index of oxidative stress in vivo[END_REF]. Total cholesterol and HDL levels were measured on a Cobas Bio centrifugal analyser using products from Roche. Plasma oxidised LDL levels were measured by ELISA (Mercodia, Sweden), serum levels of CRP was measured using a high sensitivity ELISA (Kalon Biological Ltd, UK), and serum levels of TNFα and IL-1 were measured by high sensitivity ELISAs (R&D Systems, UK).

Assessment of Augmentation Index -Pulse Waveform Analysis

Measurements were conducted in a temperature-controlled room (23 ± 1°C). Subjects were rested in a supine position for at least 10 minutes after which blood pressure was measured in triplicate using an automated blood pressure monitor (Omron 705 CPII).

An index of arterial stiffness was assessed non-invasively by measuring the augmentation index (AIx), which is an estimate of systemic arterial and muscular stiffness, using the validated SphygmoCor pulse waveform analysis system (Scanmed Medical Instruments, Moreton-in-Marsh, UK) [START_REF] Chen | Estimation of central aortic pressure waveform by mathematical transformation of radial tonometry pressure. Validation of generalized transfer function[END_REF][START_REF] Weber | Arterial stiffness, wave reflections, and the risk of coronary artery disease[END_REF]. Peripheral pressure waveforms were recorded at the radial artery by applanantion tonometry using a high fidelity micromanometer (Miller Instruments). At least 15 high quality pressure waveform recordings were obtained from which the central aortic pressure waveform was calculated using a validated generalised transfer function. From the averaged aortic pulse wave, the following parameters were calculated:

•

Augmentation index (AIx), defined as the augmented pressure divided by the pulse pressure and expressed as a percentage

• Augmentation index normalised for a heart rate of 75 beats per minute (AIx@75).

This parameter was calculated to take into account the effect of heart rate on AIx [START_REF] Weber | Arterial stiffness, wave reflections, and the risk of coronary artery disease[END_REF][START_REF] Wilkinson | The influence of heart rate on augmentation index and central arterial pressure in humans[END_REF].

• Time to return of the reflected wave (Tr). This was used as a marker of pulse wave velocity [START_REF] Weber | Arterial stiffness, wave reflections, and the risk of coronary artery disease[END_REF].

Statistical analysis

Values are expressed as means ± 1SD unless stated otherwise. Differences in values between CFS patients and control subjects were tested using unpaired t-tests or non-

6
parametric tests if the data were not normally distributed. The independent effect of potential determinants (systolic and diastolic blood pressure, body mass index, CRP, TNFα, IL-1, oxidised LDL, HDL cholesterol levels, and isoprostanes, age and gender), on augmentation index were assessed using stepwise multiple regression models. For non-normally distributed data, values were log transformed for regression analysis. A P value of < 0.05 was considered significant. All analyses were performed using SPSS statistical package (version 13).

Results

Patients with CFS and control subjects were matched for age, gender distribution, smoking status, height and weight (Table 1). Systolic and diastolic blood pressure, and heart rate were significantly greater in CFS patients than in control subjects (P<0.005, P<0.005 and P<0.05, respectively).

Total cholesterol was similar in the two groups, but HDL cholesterol was significantly lower in CFS patients than in control subjects (P<0.005). CFS patients had significantly increased levels of CRP (P<0.01, Mann-Whitney test) and 8-iso-prostaglandin F2α isoprostanes (P<0.005). There were no significant differences between the two groups for IL-1 and TNFα.

Figure 1 shows that the augmentation index (AIx) was significantly greater in CFS patients than in control subjects (P=0.017). AIx was 52% higher in CFS patients than in control subjects. However, as AIx is influenced by heart rate, which was significantly higher in CFS patients, an index normalised for 75 beats per minute was used to provide a better comparison of arterial wave reflection between CFS patients and control subjects (Figure 1). This index, AIx@75, was also significantly greater in CFS patients than in control subjects (P=0.002), but the difference (69%) was greater than for the unadjusted AIx (52%). The time to return of the reflected wave (Tr) was significantly shorter in CFS patients (137.6±21.4 ms) compared with control subjects (146.5±12.3 ms), indicating a faster pulse wave velocity (P=0.039).

Table 2 shows the significant univariate associations between markers of arterial stiffness and physical and biochemical variables for CFS patients. AIx@75 showed the strongest correlations with systolic blood pressure, logCRP, isoprostanes and oxLDL. Tr was significantly correlated with logCRP and isoprostanes. There were borderline 8
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This study found that CFS patients have higher serum hs-CRP levels, elevated levels of isoprostanes and oxidized LDL and significantly increased AIx@75, a composite measure of arterial stiffness and wave reflection. AIx@75 significantly correlated with CRP and isoprostanes. CFS patients also had higher blood pressure and lower HDL cholesterol levels than control subjects, which could potentially affect AIx@75.

However, the independent determinants of AIx@75 in CFS patients were hs-CRP, age and female gender. The combination of increased arterial wave reflection, inflammation and oxidative stress may result in unfavorable haemodynamics and an increased risk of a future cardiovascular event in these patients.

Very few long term follow-up studies have been carried out in CFS patients and none on the occurrence of other health conditions, so it is not possible to estimate cardiovascular risk in this patient group. However, Lerner [START_REF] Lerner | Cardiac involvement in patients with chronic fatigue syndrome as documented with Holter and biopsy data in Birmingham. Michigan. 1991-1993[END_REF] documented repetitively abnormal T-wave oscillations, indicative of cardiomyopathy, in many of his CFS patients and, using radionuclide ventriculography, he demonstrated post-exertional abnormal cardiac wall motion in approximately one quarter of CFS patients indicative of cardiac dysfunction [START_REF] Lerner | Prevalence of abnormal cardiac wall motion in the cardiomyopathy associated with incomplete multiplication of Epstein-barr Virus and/or cytomegalovirus in patients with chronic fatigue syndrome[END_REF]. Furthermore, in a recent report, heart failure was seen as a major cause of death in a sample of CFS mortalities, and to occur at a considerably younger age than would have been expected from the general population [START_REF] Jason | Causes of death among patients with chronic fatigue syndrome[END_REF].

While increased levels of CRP have limited diagnostic value in CFS [START_REF] Buchwald | Markers of inflammation and immune activation in chronic fatigue and chronic fatigue syndrome[END_REF], hsCRP levels are indicative of chronic, low-grade, sub-clinical inflammation acting as a potential adjunct in the global prediction of cardiovascular risk [START_REF] Yasmin | C-reactive protein is associated with arterial stiffness in apparently healthy individuals[END_REF]18]. Prospective epidemiological studies covering 30 years found that a single hsCRP measurement strongly predicted a cardiovascular event in a dose response manner, i.e. continuous across the full range of hsCRP levels, and that the prediction was independent of traditional risk factors such age, smoking, hypertension, dyslipidaemia, and diabetes [START_REF] Bassuk | High-sensitivity C-reactive protein: clinical importance[END_REF]. Others have recently reported that markers of inflammation in post-infective fatigue syndromes are not sustained into the chronic phase of illness and that they play no role in the development of persistent symptoms in an Australian population [START_REF] Hickie | Post-infective and chronic fatigue syndromes precipitated by viral and non-viral pathogens: prospective cohort study[END_REF], however, CFS is heterogeneous and there is considerable diversity within and between patient cohorts used in research [START_REF] Jason | Chronic fatigue syndrome: the need for subtypes[END_REF].

Our study is the first report of hsCRP levels in CFS patients but others have reported increased arterial wave reflection in CFS, albeit in adolescents with the illness [START_REF] Van De Putte | Is chronic fatigue syndrome a connective tissue disorder? A cross-sectional study in adolescents[END_REF].

Whether chronic, sub-clinical inflammation is the cause of increased arterial wave reflection in CFS patients remains to be determined, although it has been positively correlated to indices of stiffness in apparently healthy subjects in the general population [START_REF] Yasmin | C-reactive protein is associated with arterial stiffness in apparently healthy individuals[END_REF], patients with systemic vasculitis [15], children with Kawasaki disease [39],

although not in women with active rheumatoid arthritis due to increased plasma levels of oxidation such as isoprostanes [START_REF] Kennedy | Oxidative stress levels are raised in chronic fatigue syndrome and are associated with clinical symptoms[END_REF] that are associated with post-exertional myalgia in other disorders [START_REF] Sinzinger | Isoprostane 8-epi-PGF2α is frequently increased in patients with muscle pain and/or CK-elevation after HMG-Co-enzyme-A-reductase inhibitor therapy[END_REF].

Oxidative stress may also be pro-inflammatory, and in adults free of clinical cardiovascular disease, markers of oxidation correlate significantly with hsCRP levels, independently of other confounders such as body mass index [START_REF] Abramson | Association between novel oxidative stress markers and C-reactive protein among adults without clinical coronary heart disease[END_REF]. While there are significant univariate correlations between measures of oxidation, such as increased levels of isoprostanes and oxLDL and decreased HDL, and augmentation index in our study, none of these proved to independent determinants of arterial wave reflection within the multiple regression model. Patients in our study group have significantly increased neutrophil apoptosis [START_REF] Kennedy | Increased neutrophil apoptosis in chronic fatigue syndrome[END_REF], and there is recent evidence that CRP degradation products, generated by neutrophil elastase, serve to promote neutrophil apoptosis [START_REF] Kakuta | C-Reactive protein products generated by neutrophil elastase promote neutrophil apoptosis[END_REF].

In circumstances where CRP is degraded by neutrophil elastase, the CRP acquires an anti-inflammatory capacity that functions to promote neutrophil clearance [START_REF] Kakuta | C-Reactive protein products generated by neutrophil elastase promote neutrophil apoptosis[END_REF] and may offer protection against inflammatory injury.

Development of arterial stiffness results from a complex interaction between structural and cellular elements of the vessel wall involving scaffolding proteins such as collagen and elastin [START_REF] Zieman | Mechanisms, pathophysiology, and therapy of arterial stiffness[END_REF], the latter being influenced by serum elastase activity. A significant, positive relationship exists between the level of disability in CFS and elasatse activity [START_REF] Meeus | Unraveling intracellular immune dysfunctions in chronic fatigue syndrome: interactions between protein kinase R activity, RNase L cleavage, and elastase activity and their clinical significance[END_REF], and it is also a key determinant of sub-maximal and peak exercise intensity in these patients [START_REF] Nijs | Chronic fatigue syndrome: exercise performance related to immune dysfunction[END_REF]. Pulse wave velocity, but not augmentation index, correlates with serum elastase activity in apparently healthy individuals and in those with systolic hypertension, giving rise to the possibility that inflammation and increased elastase activity contribute to arterial stiffness [START_REF] Yasmin | Matrix metalloproteinase-9 (MMP-9), MMP-2, and serum elastase activity are associated with systolic hypertension and arterial stiffness[END_REF]. However, not all studies show that elastases arterial stiffness directly, we cannot exclude the possibility that our measurement of augmentation index, which is a composite measure of arterial stiffness and wave reflections, might be associated with elastase activity. We did, however, measure the time for return of the reflected wave, which is an indirect measure of pulse wave velocity, and found that this was significantly shorter in CFS patients, suggestive of an increase in pulse wave transmission, and that CRP was independently associated with Tr.

We appreciate that the gold standard measure of arterial stiffness is pulse wave velocity. Augmentation index is mainly affected by the speed of wave travel, the amplitude of the reflected waves, and the elastic properties of the aorta, in addition to the duration and pattern of ventricular ejection. Nevertheless, augmentation index has been also been shown to be an important determinant of cardiovascular risk and outcome [START_REF] Nürnberger | Augmentation index is associated with cardiovascular risk[END_REF][START_REF] Laurent | Expert consensus document on arterial stiffness: methodological issues and clinical applications[END_REF][START_REF] Agabiti-Rosei | Central blood pressure measurements and antihypertensive therapy: a consensus document[END_REF]. It is an independent predictor of all-cause mortality in patients with end stage renal disease [START_REF] London | Arterial wave reflections and survival in end-stage renal failure[END_REF] and an independent marker for severity of coronary obstruction [START_REF] Coviv | Aortic pulse wave velocity and arterial wave reflection predict the extent and severity of coronary artery disease in chronic kidney disease patients[END_REF]. Additionally, augmentation index is independently associated with an increased risk for short and long term cardiovascular events in patients undergoing percutaneous coronary interventions [START_REF] Weber | Increased arterial wave reflections predict severe cardiovascular events in patients undergoing percutaneous coronary interventions[END_REF], and is a significant predictor of major adverse cardiovascular events in patients with established coronary artery disease [START_REF] Chirinos | Aortic pressure augmentation predicts adverse cardiovascular events in patients with established coronary artery disease[END_REF].

A limitation of the study is that we cannot be certain of the extent to which arterial wave reflections were affected in CFS patients by drug therapy such as thyroxine and beta-blockers. We did however, correct for any possible effect on heart rate by using the augmentation index normalised for a heart rate of 75 beats/min.

In conclusion, we have demonstrated an independent association between increased 

10 S t a g e 2 (

 102 a ) P O S T -P R I N T Clinical Science Immediate Publication. Published on 21 Nov 2007 as manuscript CS20070274 THIS IS NOT THE FINAL VERSION -see doi:10.1042/CS20070274

  [40]. Particular lifestyle characteristics such as smoking, obesity and physical fitness also play a role in the development of arterial stiffness [41], but only a small percentage of our patients were smokers, and body weight and BMI were similar in CFS patients and control subjects. Lower levels of physical conditioning are associated with increased arterial stiffness [42] and, by definition, most CFS patients perform very little physical activity, even when compared to sedentary, healthy individuals. Experimentally and epidemiologically, it is evident that long term physical activity has an anti-inflammatory effect [43]. In a recent study, markers of inflammation were shown to be inversely related to physical activity and fitness in sedentary men with well managed hypertension [44], and while prescriptive walking regimens improve fitness and reduce cardiovascular risk in sedentary civil servants, they failed to induce any significant reduction in CRP [45]. Furthermore, while physical activity might be effective in modulating proinflammatory activity in atherosclerotic disorders [43], many CFS patients are exercise-11 S t a g e 2 ( a ) P O S T -P R I N T intolerant, possibly because of oxidative damage within exercising muscle [46,47], or
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  arterial wave reflection and low grade inflammation in patients with CFS. The results of 13 S t a g e 2 ( a ) P O S T -P R I N T this study are hypothesis generating and the clinical impact of this association cannot be determined at this point. Nevertheless, since measures of arterial stiffness are predictive of cardiovascular outcome they might be useful for assessing cardiovascular risk in this patient group. There is, however, uncertainty surrounding both the diagnosis and prognosis of CFS so further studies will be required to address the relationship between inflammation and vascular stiffness in a wider population of CFS patients. It also remains to be determined if suppression of the chronic inflammatory process in carefully selected CFS patients leads to improvement of arterial stiffness and cardiovascular outcome in the longer term.

S t a g e 2 (

 2 a ) P O S T -P R I N T Clinical Science Immediate Publication. Published on 21 Nov 2007 as manuscript CS20070274 THIS IS NOT THE FINAL VERSION -see doi:10.1042/CS20070274 Licenced copy. Copying is not permitted, except with prior permission and as allowed by law. © 2007 The Authors Journal compilation © 2007 Biochemical Society

Figure legend Figure 1 .

 legend1 Figure legend

  

  

Table 1 .

 1 Physical and clinical characteristics of CFS patients and control subjects.

	CFS	Control
	n = 41	n = 30

Table 2 .

 2 Univariate associations between markers of arterial stiffness and physical and biochemical parameters in CFS patients. Augmentation index normalised for a heart rate of 75 beats per minute (%).

	CFS		AIx		AIx@75	Tr
			Coefficient P value	Coefficient P value	Coefficient P value
	Systolic BP	0.369	0.018	0.371	0.017	-0.255	0.108
	logCRP		0.438	0.007	0.507	0.001	-0.369	0.025
	Isoprostanes	0.259	0.121	0.366	0.026	-0.385	0.019
	oxLDL		0.274	0.094	0.333	0.039	-0.135	0.414
	AIx	Augmentation index (%)				
	AIx@75 Tr	Time to return of the reflected wave			
								24
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