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Abstract
The role of heart rate (HR) variability as a measure for assessment of restoration of cardiovascular function during sleep is presented. HR frequency and HR variability patterns during sleep are dependent on baseline level of autonomic control and its modifications during the shifts of sleep stages. HR frequency and HR variability responses during sleep are not uniform for all subjects and depends on its fitness level and fatigue as well as on sleep quality. Assessment of HR frequency and variability patterns during sleep and functional tests (active orthostatic test, physical load) might be used as a measure of adaptability of cardiovascular system e.g. for evaluation of fatigue or restoration during sleep.

1.0
 Introduction

Fatigue is a pervasive state of the human condition, found in many different forms and has been the subject of investigations for many years. These investigations revealed difficulties in classifying fatigue, or performance decrement resulting from fatigue and still there is no strong agreement in definition of fatigue. Although all forms are characterized by a feeling of tiredness, distinctions are normally made between fatigue that comes from doing mental tasks, from physical work, or through sleep disturbances. Fatigue can be defined as reduced human performance due to physiological stressors such as intensively demanding tasks, prolonged wakefulness, circadian disruptions, psychological distractors, environmental strain, metabolic limiters etc [1]. Instead, "fatigue" refers to a group of phenomena associated with impairment or loss of efficiency and skill. 
RTO-TR-HFM-104  Report on  Operator Functional State Assessment has stated that several different forms of fatigue are recognized in human factors research on performance degradation [2].  Physical fatigue is caused by prolonged or intensive physical work limiting physical tolerance.  Fatigue associated with sustained task performance and cognitive demands are usually referred to as mental fatigue. It is thought that the limiting condition for tolerance of physical fatigue is not muscular strain but a loss of cognitive control. Sleep disruptions may also be caused by both physical and mental work. In some cases we may also distinguish emotional fatigue associated specifically with emotional overload [3]. Because of the links between these different states, any research on mental fatigue must recognize the possible influence of these other sources of fatigue. Each of these stressors gives rise to a specific form of fatigue, with separate feedback loops indicating the corrective action necessary to reduce that kind of fatigue: for mental fatigue, rest (from tasks) or a change of task; for sleepiness, sleep; and for physical fatigue, physical rest. It is likely that all three stressors contribute to what is experienced as a generalized fatigue state, and may even give rise to a final common path that determines the general effects on operator functional status and performance [2].

In this context physical, mental and sleep-based fatigue are the most relevant problems. It is important to consider their joint effects as the pathophysiological mechanisms involved. Multiple stressors such as physical overexertion, psychoemotional stress and sleep deprivation has strong impact on autonomic control of body physiological systems [4]. Central nervous and cardiovascular systems during continuous work are mainly responsible for optimal body functioning which is limited by fatigue and the need for rest and sleep. In this aspect sleep has a restorative function which is realizing during the modifications in central and autonomous nervous system. Autonomic HR control, measured by means of HR variability, might be seen as characteristic of cardiovascular function, responsible for energetic supply of any activities, physical, mental, or emotional. There is generally agreed, that all activities followed by increased sympathetic influence involves an increase of HR frequency and a decrease of HR variability.

HR variability measures have been used as a standard tool for assessing the functional state in healthy subjects and patients for many years [5, 6]. Evaluation of autonomic HR control, measured by means of HR variability, might be seen as important characteristics of cardiovascular function, responsible for energetic supply of any activities, physical, mental or emotional as well as during fatigue and sleep [7]. 

Furthermore, HR variability might be used in assessment of human states during sleep-wake cycles. Night sleep with modifications in functional state of autonomic nervous system is changing autonomic HR control and hemodynamics over individual sleep stages and in this way might have a restorative function towards cardiovascular function. Because of that night sleep might be used as natural situation for cardiovascular testing without exercise involvement in order to assess a restoration of cardiovascular function. HR spectral analysis during sleep indicated that HR variability modifications during sleep are related to individual sleep stages and depend on the baseline autonomic HR control level [8]. Not only mental effort but also the adaptability of cardiovascular function during the fatigue-restoration cycle can be assessed by HR variability.

2.0
 Methodology of heart rate variability analysis

2.1
Requirements for sensors
The information obtained from sensors detecting electrocardiosignal should be analyzed using advanced methodologies allowing to detect, to assess and to evaluate the different human states as well as pathological aberrations. From this point of view, the most valuable seems HR variability analysis. 

Most cardiovascular signals can be easily measured by the use of electrocardiography (ECG) and provide objective information about human state while the person is at rest or engaged in a variety of activities. HR variability is strongly affected by artefacts which arise be due to poor quality of the signal related to the sensors’ bad contact to the skin during body movements or to incomplete heart beats such as extra systoles. Both types of artefacts can artificially increase HR variability in a significant way. Therefore, segments in which artefacts in the ECG signal occur should be corrected using special “correction algorithms” or should not be included in the assessment of HR variability [9]. 

2.2
Rhythmography
Rhythmography is a method of heart rate variability analysis using consecutive RR intervals of electrocardiogram developed by [10]. The method draws the time interval between each consecutive heartbeat as a straight, vertical line. The longer the interval between each heart beat (RR interval), the longer the vertical lines (see Fig. 2). When these lines are graphed sequentially they present a curve-specific, wave portrait of HR variability. Rhythmographic representation allows a great deal of information to be compressed in a simple picture. It reflects HR variability oscillatory wave structure and might be used for assessment of regulatory mechanisms [11].

2.3
HR spectral analysis 

 HR variability at rest in stationary situation can be assessed by spectral analysis of RR interval sequence using Fast Fourier (non-parametric method) or autoregression function (parametric method) [5]. Four oscillatory ranges in power spectrum are distinguished: ultra low frequency component (ULFC; ( 0.003 Hz), very low frequency component (VLFC; 0.003 - 0.04 Hz), low frequency component (LFC, 0.04 - 0.15 Hz) and high frequency component (HFC; 0.15 - 0.40 Hz). Power spectral density analysis of HR provides the basic information of how power (variance) distributes as a function of frequency. Power spectral density analysis might be performed either on short- or long-term RR interval recordings. 

Short-term recordings allow to analyze frequencies at least above 0.04 Hz. Measurement of the different frequency components is usually made in absolute values of power (ms2), but strongly recommended to be measured in relative values (e.g. to total power) or normalized units (n.u.) which represent relative value of each power component in proportion to the total power minus the VLFC. The representation of LFC and HFC in n.u. emphasizes the controlled and balanced behaviour of the two branches of autonomic nervous system, sympathetic and parasympathetic, respectively. Nevertheless, relative values or n.u. should always be quoted with total spectral power and absolute values of individual components in order to describe in total the distribution of power in each spectral component. 

Long-term recordings in the entire 24-h period might be used for HR spectral analysis as well. The result then includes ULFC in addition to VLFC, LFC, and HFC. The slope of the 24-h spectrum can also be assessed on a log-log scale by linear fitting the spectral values. The problem of “stationarity” is discussed with long-term RR-interval recordings. If mechanisms responsible for RR-interval modulations of a certain frequency remain unchanged during the whole period of recording, the corresponding frequency component of HR variability may be used as a measure of these modulations. If the modulations are not stable, the interpretation of the results of frequency analysis is less defined. In particular, physiological mechanisms of RR-interval modulations responsible for LFC and HFC cannot be considered stationary during 24-h period. More detailed information about autonomic modulation of RR intervals is available in shorter recordings preserving “stationarity” of the process. It should be remembered that individual oscillatory components provide measurements of the degree of autonomic modulations rather than the level of autonomic tone. 

The analyzed ECG signal should satisfy several requirements in order to obtain a reliable HR variability calculation and spectral estimation. The sampling rate for correct detection of R wave of ECG should be at least 500 Hz [5]. If ectopic beats, arrhythmic events, missing data and noise effects interrupts “stationarity” of HR recording, proper interpolation (or linear regression or similar algorithms) on preceding/successive beats on HR signal or on its autoregression function should be used reducing this error. The relative number and relative duration of RR intervals, which were omitted or interpolated, should also be quoted.
2.4
HR analysis using Poincare plot of RR intervals

The HR might yield a specific pattern of the Poincare plot depending on the test type (active orthostatic test, physical load, wakefulness, sleep stages) and the autonomic control level [9, 12]. A sinus rhythm analysis, after the elimination and interpolation of ectopic or error values, was performed as follows (Fig. 1): (1) the maximal HR variability or tonic control level ((RRt), measured as the maximal distance between the two points on two parallel lines tangential to the cluster at the peak value level of HR variability, was assessed; (2) the average HR response to respiration (V) was measured additionally in order to improve evaluation of n.vagus impact, because the level of tonic control involves not only an impact of HFC; (3) the maximal HR response or reflex control level ((RRr) reflected by diagonal of square (corresponding to 99.9-percent level of the histogram (p(0.001)) was measured as the distance between the minimal (RRmin) and the maximal (RRmax) values on the diagonal of the plot; (4) the general HR variability as the plot of all square (P, ms2) involving both, tonic and reflex control components. 
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Figure 1: Quantitative analysis of HR variability by Poincare plot 
(RRmin , minimal value of RR interval; RRmax, maximal value of RR interval; (RRr, maximal HR response; (RRt, maximal HR variability)
3.0
Heart rate variability during functional testing and sleep
3.1. HR response to active orthostatic test (AOT) or physical load
HR variability analysis at rest cannot reveal all aspects of parasympathetic and sympathetic inputs into HR regulation and depends mostly on tonic control level. Information about different aspects of autonomic HR control which is modifying in different human states can be obtained using AOT (Fig. 2). A reflex HR increases during AOT is dependent more on “central” withdrawal of parasympathetic activity (80-90%) and less on vagal impact diminution and activation of sympathetic one due to baroreflex (10-20%). Thus, AOT might be used as a test for assessment of both, “central” withdrawal of vagal impact and baroreflex control, while the other reflexes being less impressive. 
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Figure 2: Rhythmographic recording of heart rate during active orthostatic test

The maximal HR response to AOT might be seen as mostly dependent on a level of parasympathetic input withdrawal, if the latter is strongly dominating at rest (as it can be observed in well-trained sportsmen) and much less from baroreflex sensitivity, responsible for further interplay of parasympathetic-sympathetic control due to systolic blood pressure changes. While sympatho-adrenergic control becomes dominating at rest, baroreflex control during AOT might be dominating as it can be seen during stress or fatigue. Thus, HR response to AOT and/or exercise can be used for evaluation of reflex HR control and adaptability level of cardiovascular function. 
Initial autonomic responses to exercise are similar in origin to mention above responses to AOT. HR begins to increase within one second of the onset of isometric exercise. Initial HR increases is mediated by abrupt parasympathetic withdraval as well, while increases of sympathetic activity begin about 30 to 60 seconds after the onset of exercise and then gradually increases with increasing work load and depends on a muscle mass involved into exercise.

Well-trained sportsmen are characterized by expressed bradycardia and very low HRV due to maximal influence of parasympathetic HR control at rest as well as by marked HR responses to exercise due to abolishment of parasympathetic and increase of sympathetic activity [13]. Thus, HR response to AOT and exercise can be used for evaluation of reflex HR control and adaptability level of cardiovascular system.

Information about HR variability can be drawn from amplitude of respiratory arrhythmia, a time domain characteristic, as well as from HR power spectrum components, frequency domain characteristics, at rest in supine position. Maximal HR response to standing ((RRB) is dependent on HR control baseline level, especially parasympathetic part. Figure 3 demonstrates HR recording during supine, standing, and upright postures.

3.2. HR variability as a measure of mental workload
HR variability has been a popular psychophysiological measure to monitor operator functional state. The reason for this is that HR is easy to measure and has been proven sensitive to different states, because HR increases due to both physical and mental activities. HR variability is also sensitive to mental effort enabling to detect rapid transient shifts in mental workload. Systematic relationships between cognitive demands and HR variability have been found [14]. HR variability has seen increased use as an indicator of the extent of task engagement in information processing requiring significant mental effort, particularly in flight-related studies [15]. 

3.3. HR variability as a measure of cardiovascular function during sleep
HR Poincare plots might be seen as easy and informative method for visual presentation of HR variability changes during time-course of sleep. As shown in Figure 3 the HR changes over sleep stages were followed by the modifications of HR variability, reflecting autonomic control [8]. Usually in healthy subjects, a decrease in HR and its variability from wakefulness before sleep to stage 4 was seen with a parallel increase in respiratory arrhythmia depending on the diminution of sympathetic and the augmentation of parasympathetic control. In REM sleep, an increase in HR and its variability with a parallel decrease in respiratory arrhythmia, mainly depending on the withdrawal of parasympathetic control, and a slight increase in sympathetic one was observed. The both behaviors were confirmed by the HR power spectrum analysis [14]. The absolute values for each oscillatory component of the HR power spectrum were equal during wakefulness. A decrease in the total spectral power, largely accountable for by VLFC, was observed during non-REM sleep. In REM sleep an increase in the total spectral power, largely accountable for by a marked prevalence of VLFC due to a small contribution of LFC and HFC, was observed. Those changes confirm that the HR modification during non-REM sleep is dependent on an increase in parasympathetic input and a decrease in sympathetic one; while the HR changes during REM sleep are more dependent on the withdrawal of parasympathetic input rather than on an increase in sympathetic one [8]. 
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Figure 3: Poincare plots of RR interval during different sleep stages
HR parameters, drawn from HR Poincare plots mentioned in methodology, during different sleep stages (Fig. 3), like the parameters drawn from HR power spectrum, enabled to have nearly similar information about tonic and reflex HR control. The HR testing during night sleep demonstrated better reflection of parasympathetic HR control, while exercise test more sympathetic one. AOT at morning just after sleep enabled to evaluate aspects, tonic and reflex control, their restoration after sleep, particularly sympathetic and parasympathetic aspects of HR response. Poincare plot of HR with its quantification, being a simple and visually effective method of analysis might be informative for evaluation of functional status (Fig. 3). It might be stated that analysis of RR intervals measured from ECG during different functional tests, day-time activity or night sleep might be used for assessment of individual human physiological states. 

4.0
 Heart rate variability modifications during sleep as an indicator of cardiovascular function restoration

4.1. Heart rate variability during sleep in healthy subjects and trained sportsmen

Sleep is not a passive, but an active neurophysiological condition, divided into rapid eye movement (REM) sleep and non-REM sleep. The latter is divided into four stages. Because sleep is neurogenic in origin, the changes of sleep stages and cycles could be treated as a natural functional testing without involvement of exercise, due to the central influence on autonomic HR control for an assessment of the restorative ability of the cardiovascular function. On the other hand, an assessment of autonomic control and hemodynamics during shifts of sleep stages is essential for understanding the mechanisms of cardiovascular control during sleep. Thus, sleep might be used as a natural situation for cardiovascular testing. 

An investigation of HR and hemodynamics changes over sleep stages and cycles was done in 52 healthy persons subjected to the complex of functional tests, including night sleep and active orthostatic test (AOT) just before (AOTE) and after (AOTM) sleep. Analysis of HR, HR variability, and hemodynamics (stroke volume, cardiac output, total peripheral resistance), measured by impedance cardiography, were performed during sleep stages, bicycle ergometry, and an active orthostatic test in the morning, noon, and evening hours. Sleep stages were classified into four stages of non-REM sleep and REM sleep according to the conventional criteria by EOG, EEG, and EMG  by A. Rechtschaffen and A. Kales, 1968 [17].

HR and its variability changes over sleep stages depend on the HR baseline level during wakefulness. Non-trained healthy subjects having more frequent HR frequency at wakefulness, as compared with trained sportsmen showing low baseline HR frequency, demonstrated more expressed modifications of HR frequency during individual sleep stages (Figure 4). 
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Figure 4: The restorative function of sleep towards the cardiovascular system in trained sportsmen and non-trained healthy subjects 
(RR, RR interval; SV, stroke volume; CO, cardiac output; W, wakefulness; I, Stage 1; II, stage 2; III, stage 3; IV, stage 4; REM, REM sleep; (RRB, maximal HR response to AOT; TPR, total peripheral resistance)
In healthy subjects sleep demonstrates a possibility for restoration of the cardiovascular function. HR, stroke volume, and cardiac output of individual sleep stages during consecutive sleep cycles are presented in Figure 4. A gradual decrease of HR frequency during consecutive sleep cycles in each sleep stage indicates an increase in parasympathetic HR control from wakefulness before sleep till morning.
Trained sportsmen, as compared with non-trained healthy subjects, were characterized by lower baseline HR frequency reflecting dominating parasympathetic HR control at wakefulness [13]. During individual sleep cycles from evening till morning-time no significant modifications in HR, stroke volume, and cardiac output was observed. It might be suggested, that night sleep not able to alter initially high parasympathetic HR control level before sleep. Although in non-trained subjects with initially higher HR frequency before sleep becomes lower during the last sleep cycle. It might be explained by increased parasympathetic activity during sleep. Thus, HR modifications during sleep depend on initial level of autonomic HR control. More significant restoration of cardiovascular system during sleep in well-trained sportsmen, as compared with non-trained healthy subjects, might be explained by more increased maximal HR responses to AOT and decreased total peripheral resistance at morning-time, as compared with evening-time.

4.2. Heart rate responses to active orthostatic tests just before and after sleep
Healthy subjects demonstrated in average an increase of maximal HR response to AOT at morning-time, as compared with evening-time, due to increased peak HR frequency during AOT, while average HR frequency was not changing significantly (Table 1). Those HR changes were followed by a significant increase of HR variability mainly due to increase in HR power spectrum component reflecting humoral control, if measured in absolute values, while LFC and HFC did not show any significant changes. Because of that, those changes were leading to significant decrease of relative HFC value. Stroke volume (SV) and cardiac output (CO) did not demonstrate any significant difference, if measured in the morning, as compared with the evening, except of non-significantly diminishing total peripheral resistance (TPR) leading to small, although significant decrease of both, systolic and diastolic blood pressure (BP). There was observed a relationship between subject’s functional status and ability to restore HR reflex control during sleep: Healthy Ss shown only two possibilities: (1) full restoration or (2) an increase of HR maximal response to AOT or not full restoration, while no one (3) demonstrated inability of restoration. 

Table 1: Average values of HR time and frequency domain parameters and hemodynamics and its responses to AOT just before and after sleep in healthy subjects

	
	Healthy Ss

	
	Evening
	Morning

	(RR; ms
	52.7
	66.2*

	VLFC; ms
	33.1
	49.3*

	LFC; ms
	26.3
	30.8

	HFC; ms
	27.2
	25.9

	LFC/HFC; ms
	1.11
	1.45

	VLFC; %
	43.2
	57.7*

	LFC; %
	28.6
	23.8*

	HFC; %
	28.3
	18.4*

	RR; ms
	973.6
	968.3

	SV; ml
	105.1
	104.0

	CO; l/min
	6.5
	6.5

	TPR; dyn(s(cm-5
	1213.3
	1105.9

	systolic BP; mmHg
	115.6
	109.7*

	diastolic BP; mmHg
	73.4
	70.0*

	RRB; ms
	645.7
	587.4*

	((RRB; ms
	327.9
	380.8*

	(RRB; %
	33.4
	38.7*


* p<.05 between evening and morning

4.3. HR frequency and time domain characteristics and hemodynamics in subjects with different level of restoration of HR reflex control during sleep.

Because of non uniformity of HR maximal responses to AOT ((RRB) at evening-time just before sleep and at morning-time just after sleep, all investigated persons were divided according it into three main groups: group 1 – subjects with normal HR response to AOT at evening-time and its increase after sleep; group 2 – subjects with reduced HR response to AOT in the evening and its increase after sleep, although, not reaching its normal level in the morning; group 3 – subjects with decreased HR response to AOT in the evening with no changes or its decrease after sleep. Thus, group 1 was seen as an example of full restoration of HR reflex control after sleep; group 2 – as non-full restoration; group 3 – as an absence of ability of restoration of HR response to AOT e.g. inability of autonomic reflex control’s restoration during sleep. 
Table 2. HR frequency and time domain parameters and hemodynamics before and after sleep in subjects distributed according to the changes in HR reflex control

	
	Group 1
	Group 2
	Group 3

	
	Evening
	Morning
	Evening
	Morning
	Evening
	Morning

	RA; ms
	48.8
	52.4
	32.2
	35.1*
	30.8
	27.9

	(RR; ms
	43.7
	56.5*
	32.4
	42.6*
	32.2
	40.2*

	VLFC; ms
	30.1
	44.7*
	23.6
	34.2*
	23.4
	33.4*

	LFC; ms
	19.3
	22.7*
	12.3
	14.9*
	12.0
	12.6

	HFC; ms
	21.6
	20.8
	15.4
	15.6
	15.3
	13.4

	LFC/HFC; ms
	.98
	1.32*
	.99
	1.16*
	.86
	1.20*

	VLFC; %
	52.1
	64.5*
	59.6
	68.4*
	60.2
	71.8*

	LFC; %
	21.3
	18.0*
	15.6
	14.1*
	14.1
	12.3

	HFC; %
	26.6
	17.4*
	24.8
	17.6*
	25.6
	15.9*

	RR; ms
	1036.9
	1023.6
	981.3
	986.8
	960.2
	925.3*

	SV; ml
	90.0
	93.5
	81.8
	87.7*
	77.9
	81.3

	CO; l/min
	5.2
	5.5*
	5.1
	5.4*
	5.0
	5.4

	TPR; dyn(s(cm-5
	1549.9
	1410.0*
	1734.9
	1552.6*
	1745.7
	1589.7

	systolic BP; mmHg
	121.7
	116.2*
	127.8
	122.3*
	128.6
	126.8

	diastolic BP; mmHg
	75.6
	73.9*
	76.9
	75.4*
	75.8
	76.9

	RRB; ms
	702.1
	656.5*
	786.9
	719.0*
	774.3
	767.5

	((RRB; ms
	334.8
	367.1*
	194.4
	267.8*
	184.0
	157.8*

	(RRB; %
	32.1
	35.6*
	19.6
	26.8*
	19.2
	17.0*


* p<.05 between evening and morning

Maximal HR response to AOT at morning time, as compared to evening, was increasing significantly in groups 1 and 2 (Table 2.). Although group 1 demonstrated characteristic increase above normal values of HR maximal response in the morning just after sleep, in group 2 – an increase, however did not reach normal level. Group 3 was characterised by a significant decrease of HR maximal response in the morning when compared to evening time correspondingly. Those changes are strongly related to initial level of maximal HR response to AOT: the higher was the level in the evening, the more expressed were their changes after sleep. These changes were mainly dependent on peak HR frequency during AOT and its changes after night sleep: in group 1 it was the highest, in group 2 it was lower and the lowest was in group 3. The latter increase after sleep was non-significant. Those changes in HR reflex control were followed by a significant increase in hemodynamics in groups 1 and 2, while in group 3 those changes were not significant. They were followed by slightly changed the highest level of TPR in group 3 while groups 1 and 2 demonstrated its significant decrease after the night sleep. In group 3 nonsignificant changes of systolic and diastolic BP were observed, BP was at the highest level and remained at the same level. 

HR variability was and remained the lowest after sleep also in group 3 despite of its slight increase in the morning, conditioned by an increase of humoral HR control reflecting component in all three groups. However, significant increase of LFC was observed only in groups 1 and 2, but not in group 3. Thus, an analysis of HR responses during sleep or to AOT just before and after sleep might be important measure of cardiovascular control restoration ability during sleep. 
4.4. Poincare plots of RR interval as a measure for assessment of cardiovascular adaptability during sleep.

HR variability and HR responses to different testing conditions might be analysed using Poincare plots of RR intervals. HR modifications during sleep, AOT just before sleep, and just after sleep in well-trained sportsmen and healthy subject are presented in Figure 5. A well-trained sportsman, as compared with non-trained healthy subject, is characterized by more expressed square of dots on Poincare plots constructed from RR intervals at sleep and orthostatic tests, as well as the bigger reflex ((RRr) and tonic ((RRt) component of HR variability measured by Poincare plot. 
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Figure 5: HR Poincare plots in well-trained sportsmen (top) and non-trained healthy subject (bottom) during sleep and active orthostatic test before and after sleep
Poincare plot reflect maximal level of HR frequency changes during shifts of sleep stages, which might be used as a measure of adaptability of cardiovascular system. It was much more expressed for trained sportsmen, as compared with healthy subject. For healthy subject its total level of adaptability was lower, HR being less low at minimal level during slow wave sleep and less high at maximal one during REM sleep or arousals. Thus, a decrease of HR maximal response might be related to reduction of HR control from both sides, parasympathetic and sympathetic control depression, however more from the first one.

Thus, evaluation of adaptability of cardiovascular function, while measured as total HR responses during sleep and exercise should provide important information about the functional reserve of investigated persons. While measured separately during night sleep and functional tests at waking state, Poincare plot might dispose supplementary information, about which branch, sympathetic or parasympathetic, of HR control was more involved in to the process of adaptation.

HR variability, obtained from HR Poincare plots, demonstrated principally similar results as was showed by HR time and frequency domain characteristics, although spectral components indicated more detailed information about HR autonomic control, parasympathetic-sympathetic interaction [12, 16].
In the cases of fatigue, developing during disturbed wake-sleep cycle or overtraining situation in high physical or emotional overcrowding, there might be some differences in HR control restoration during sleep. If cardiovascular function was not able to restore, a fatigue might be increasing during the rest of the day. Such situations might be seen in sportsmen during their training sessions while overtrained [13]. Because of that HR responses to AOT might be used for evaluation of restoration of their functional status after night sleep [18]. 
Evaluation of autonomic HR control, measured by means of HR variability, might be important characteristic of cardiovascular function. HR Poincare plots might be seen as an easy and an informative method for visual presentation of HR variability changes and assessment of autonomic control. 
5.0
Sleep quality and restoration of cardiovascular system.

Night sleep with modifications in functional state of autonomic nervous system during shifts of sleep stages and cycles is responsible for modification of HR variability and its periodical structure, reflecting particular domination of sympathetic or parasympathetic control at individual sleep stage [19, 20]. From the other hand, normal sleep is responsible for restoration of functional state of nervous system, regulating all organism functions, particularly of cardiovascular function, after their activation or exhaustion during daily activities or mission action. 
Table 3: Sleep quality (polysomnographic and Pittsburgh sleep quality index (PSQI) data) in subjects’s groups distributed according the restoration of HR control during sleep
	
	Restoration of HR reflex control during sleep

	
	Complete
	Incomplete
	No restoration

	TST; min.
	320.9
	318.7
	308.2*I

	SE, %
	87.0
	85.8*I
	84.1*I

	REM lat., min.
	92.5
	94.4
	90.2

	WASO, %
	13.0
	14.2*I
	15.9*I

	REM Sleep, %
	12.7
	12.1
	10.6*I, II

	S1, %
	9.1
	9.7
	10.4

	S2, %
	52.7
	53.4
	53.7

	S3, %
	7.9
	6.7*I
	5.6*I

	S4, %
	1.9
	1.1*I
	1.0*II

	BM, %
	2.7
	2.7
	2.8

	
	
	
	

	PSQI
	7.6
	7.9
	7.9


     * p<.05 

Table 3 represents the main characteristics of night sleep quality in three groups of persons, distributed according to ability of restoration of their reflex HR control. The best situation of sleep quality was in group 1 while group 2 demonstrated significantly lower sleep efficiency, higher wakefulness level at sleep and lower level of deep non-REM sleep. Group 3 demonstrated lower sleep efficiency and shorter total sleep time, more wakefulness after sleep onset as well as less slow wave sleep, as compared with group 2. REM sleep decreased as well, if compared with groups 1 and 2. Thus, disturbed sleep, total sleep time and sleep architecture, might be seen as having negative impact on restoration of autonomic control in sleep.

Sleep quality has a positive impact for restoration of cognitive and behavioural activities, particularly on psychoemotional status, while REM sleep proved to be related to restoration of person’s search activity [21]. During sleep some specific changes in hormonal activity, particularly of neuroendocrine system which plays important role in autonomic control of cardiovascular system were observed [19]. These changes of autonomic control are seen even at molecular level, such as signal processing at cell membrane level [20]. Our data demonstrate that there might be two aspects of cardiovascular function control’s restoration after sleep: (i) an increase of reflex HR control due to both, increased sympathetic and parasympathetic impact during sleep, followed by a decrease of the vessel tone, and (ii) an increase of adrenergic neurohumoral control with a relative decrease of parasympathetic impact to HR variability, following an increase of adrenergic activity after awakening after few episodes of REM sleep, to which such pattern of spectral components is characteristic. This fact might be confirmed by results of changes in cyclic monoamines just after awakening from the night sleep: the camp increased about 30-90 sec after light onset, while cGMP level immediately decreased [22].

The baseline level of autonomic HR control and balance of sympathetic-parasympathetic inputs might be measured by means of analysis of HR power spectrum components, while adaptability of cardiovascular function and fatigue–restoration cycle might be assessed by means of very simple methodology – an analysis of HR Poincare maps, constructed from consecutive RR intervals, recorded during sleep, AOT, or exercise [12, 23]. All tests together enable to evaluate a total level of adaptation reserve of cardiovascular function, using HR responses to all tests. Particular restoration of adaptability, might be evaluated using HR analysis during repetitive AOT, performed just before and after sleep.

6.0
Conclusions

HR frequency and HR variability patterns during sleep are dependent on baseline level of autonomic control and its modifications during the shifts of sleep stages. However, HR responses during sleep are not uniform for all subjects and depend on subject’s fitness level and fatigue as well as on sleep quality. Restoration of cardiovascular function during sleep occurs through modifications of autonomic control during the shifts of sleep stages and is close related to sleep quality. Assessment of HR frequency and variability patterns during sleep and functional tests (active orthostatic test, physical load) might be used as a measure of adaptability of cardiovascular system e.g. for evaluation of fatigue or restoration during sleep.
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