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THE HEART – ABLE TO PUMP WITHOUT VALVES – 
THE “LIEBAU EFFECT”

THOMAS KENNER
Medical University Graz, Department of Physiology, Graz

The “IMPEDANCE DEFINED FLOW”

The word “impedance” is used for describing the relation between pressure and flow if both of these 
magnitudes are complex and variable. In an artery the impedance describes the relation between blood-
pressure and blood-flow, and both of them are variable, pulsatile – rhythmic – or arrhythmic. Since the 
impedance characterizes typical properties – like wall elasticity, fluid-properties and their interaction, one 
usually speaks of “characteristic impedance”. In very small vessels or capillaries, the impedance becomes 
simply identical with the Poiseuille-resistance.

In the arterial system, the characteristic impedance increases from the aortic root towards the periphery. 
In order to examine the basic properties of such an inhomogeneous system, T. Kenner and E. Wetterer (1) 
performed experiments on a tapered rubber tube the inner diameter of which decreases linearly from 4 cm 
to 2 cm over a length of 200 cm. The tube is filled with water and perfused by means of a piston pump 
which is able to deliver either sinusoidal flow or triangular flow pulses. At the tube end, there is a variable 
hydraulic resistance. The pressure within the tube is measured by two miniature manometers located at the 
tube entrance and tube end; a third manometer mounted at a catheter tip can be shifted along the tube. If the 
reflection coefficient at the tube end is about +0.5, the pressure pulses generated by rhythmical triangular 
flow pulses show the main features of normal arterial pulses. The most typical feature of the tapered tube 
is the fact that the pressure amplitudes at the distal end of the tube are always higher than those at the tube 
entrance. The fact is –so to say – the first step to understand the mechanism of a valveless pump.

Dr. LIEBAU AND HIS PUMP

In April of the year 1969, I received the invitation by Professor Erik Wetterer, to join him to visit in 
Hannover the 1st Symposium with the title “The phenomenon of the pulsatile flow in the circulation of 
blood as seen from technological as well as from physiological and clinical viewpoints”. The manuscripts 
of the presentations were published in a paperback booklet by E. Pestel and G. Liebau, 1970 (10)

At that time the ideas of Dr. Liebau (4, 5) concerning valveless pumps was recognized by many colleagues 
as some not quite realistic ideas. However, the problem of the pumping of fluid by pumps without valves 
both in models as well as in the biologic reality found more interest and research . Interestingly enough, 
Dr. Liebau already had received a patent for the structure of such a pump which certainly was able to 
pump fluid. Still, the use of such pumps was assumed to be rather useless. In the meantime many studies 
have been performed which could proof that the “Liebau effect” can really be used for pumping fluid and 
– especially for pumping blood. 

Liebau described several examples where he interpreted a possible natural biological example of 
valveless pumping. One example is the valveless pumping in the early embryonic heart. He also wrote 
an article about the pumping function of the heart under the pathological condition of complete valvular 
failure.
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About 20 years after the Mannheim-Meeting my assistant and coworker in the Department of 
Physiology in Graz, Max Moser initiated experiments to study the Liebau effect in Graz. We were assisted 
and supported by my Japanese friends Koichi Ono and I. Tanev. 

Furthermore we were lucky that Prof. Abraham Noordergraaf joined our experiments and the 
interpretation of the results. (7,8))

A more detailed description of the effects within the asymmetric circular tube system can be found in 
the textbook “Blood in Motion” by Abraham Noordergraaf (8) which was published in 2011. 

In the following section, which summarizes the interpretation of one of the most experienced 
cardiovascular specialists, I present a citation from Noordergraaf’s textbook (2011, page 28):

“Commencing in 1954, and perpetuating his work for decades, the physician Liebau constructed 
hydraulic models, free of valves, to demonstrate the occurrence of steady flow in response to periodic 
compression at a particular site. Restructuring of one of his models confirmed Liebau’s observations 
(Moser et al. 1998). His motivation was to show that similar compression of veins, free of valves, can aid 
blood flow around the cardiovascular circuit, even in the absence of cardiac valves (Liebau 1956). Despite 
support by contemporary fluid-dynamicists, he was unable to offer an interpretation why, and under what 
conditions, steady flow could be generated in such fluid-dynamic models. The issue continues to fascinate 
fluid dynamicists, e.g., Manopoulos et al. (6) (2006).” Further studies by Pahlevan and Gharib (9) and Lee 
V.C.-C. et al. (3) were published recently (2013).

In the following, a simple model – published in Moser and our group (7) in 1998 - is shown, which can 
be easily used to demonstrate the principle of valveless pumping.

Figure 1

This figure shows a fluid filled valveless closed loop. It consists of a semicircular glass tube and 
a rubber tube. In the fluid a styrofoam marker permits to show the fluid movement. Shown are three modes 
of compression, each photographed by repeated exposure at the same frequency of the compressions by 
2 fingers. The left panel demonstrates periodic compressions by 2 fingers on the left side of the rubber 
tube. The numbers indicate the position of the Styrofoam ball during a sequence of 7 compressions. The 
panels in the middle and right show the same sequence of compressions for different compression sites. 
The left Panel shows clockwise average flow. In the middle panel no average flow can be seen. In the right 
panel counterclockwise movement can be seen.
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Figure 2

This straight construction by Liebau is published in Pestel and Liebau (10) in 1970 . It functions 
according the same principle as the closed loop system. The arrows show to the location, where the lower 
elastic tubing can be compressed. A rapid sequence of compressions has the effect, that fluid is moved 
from the lower cup through the elastic tube into the upper glass tube and outflow on top, as indicated in 
the figure.

The examples shown in the two figures can easily been built and one can experimentally observe the 
fact that these pumps can move fluid without valve. 

What is important, is the fact that there must be a difference between the “soft” portion of the tube (low 
impedance) and the transmitting stiff (high impedance) fluid line. In our paper: Moser et al. (1998) the 
name “IMPEDANCE DEFINED FLOW” was used in the title. Impedance describes the pressure-flow 
relation in tubes – like arteries. In arteries the pressure pulse as well as the flow pulse can be measured. 
Here we can now more easily explain: 

Impedance = pressure amplitude / flow amplitude

It is interesting, that in the case of the Liebau effect the fluid is moving from a tube with low impedance 
towards a tube with high impedance.

In the meantime, besides our own publications a series of work – including especially mathematical 
work - was published.

Asymmetry of time course

As far as functions in the circulation are concerned, the time course of the ejection of blood from the 
left ventricle into the aorta is an interesting example of asymmetry. The normal ejection function starts 
from zero with a steep increase of the flow to reach a peak; then the flow decreases with a slow declining 
down-slope which, in a typical normal example has a small bump. Wetterer and Kenner (2) have shown in 
their textbook (1968) and have discussed the contour of the ventricular ejection using a windkessel model 
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and/or an elastic tube model. It can be concluded, that the optimal and most economic ejection flow is 
markedly asymmetric in terms of time course.

In fact, there is another additional asymmetry of the time periods of the cardiac cycle. The normal 
cardiac cycle can be divided into a shorter systole and a longer diastole. It can be shown, that this asymmetry 
is essential for the optimal coronary perfusion (Kenner 1979).

Variability of asymmetric properties of pumps

Wetterer and Kenner (1968) have, in addition analyzed and explained the difference between a pressure 
pump which has a low internal resistance, and a flow pump which has a high internal resistance. 

Furthermore, we have analyzed a pump which changes its property during the pumping action. The 
model consists of a reservoir with a fixed pressure level which is, through a valve, connected with an 
elastic fluid filled tube. When the valve is open the reservoir acts as a low resistance pressure pump. When 
the valve is closed the resistance at the location of the valve becomes infinite. Therefore, there is no more 
active pumping. However, in terms of its influence as a location of wave reflection, the closed valve acts 
as a high resistance. Of course, the described process appears as a rather simplistic model of systole and 
diastole from the viewpoint of the aorta. However, as we will see, the model is necessary to understand 
the Liebau effect.
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ALCOHOL CONSUMPTION AND VASCULAR 
VARIABILITY DISORDERS

GERMAINE CORNÉLISSEN1, KUNIAKI OTSUKA2, YOSHIHIKO WATANABE2, 
JARMILA SIEGELOVA3 
1Halberg Chronobiology Center, University of Minnesota, 
2Tokyo Women’s Medical University, Daini Hospital, Tokyo, Japan, 3Masaryk University, Brno, Czech Republic

Abstract

Drinking wine in moderation is widely considered to be beneficial in relation to cardiovascular health. 
This view has recently been reconsidered and the question raised whether any beneficial effect observed 
in previous studies may have resulted from biases in subject selection. Most studies examining an effect of 
alcohol consumption on the cardiovascular system, however, did not consider a chronobiological approach. 
Some earlier results are revisited herein in an attempt to reconcile discrepant views on the relative merits 
of moderate alcohol consumption. 

Introduction

As noted earlier [1], the relationship between alcohol consumption and cardiovascular disease is complex 
and not fully elucidated. The idea that drinking moderately protects against coronary heart disease prevails 
and has been considered part of the benefit derived from a Mediterranean diet, sometimes referred to as 
the French paradox [2]. The epidemiological finding is supported by the apparent beneficial effects of wine 
on some mediators of cardiovascular disease (blood lipoproteins, clotting and fibrinolytic factors, insulin 
sensitivity, endothelin, NO, and LDL susceptibility to oxidation) [1].

Not all studies corroborate this view, however. For instance, in blacks, moderate alcohol consumption 
was associated with an increased risk of coronary heart disease [3]. It has been argued that moderate 
drinkers may follow a healthier lifestyle, which would account for the apparent beneficial effects of alcohol 
consumption reported in the literature [1]. The observational design of these studies may be flawed in that 
they cannot account for all possible confounding factors. For instance, the group of non-drinkers may 
contain people who have quit drinking in response to ill health, including cardiovascular disease, while 
light-to-moderate drinkers may display a range of healthy behaviors, such as better diet and more physical 
activity [5].

One harmful effect of alcohol consumption is that it increases blood pressure (BP) and the risk of 
developing hypertension [4]. The relationship between BP and the amount of alcohol consumed follows 
a J curve [6, 7], so that drinking more than 2 to 3 drinks per day is no longer considered to have beneficial 
effects. Beneficial vs. harmful effects of alcohol consumption are also subject to geographical variation, as 
noted in the INTERHEART study [8].

Even in studies relying on ABPM to assess effects of alcohol intake on BP, data are often analyzed only 
in terms of mean values, without a complete chronobiologic interpretation of the results. Any effect on BP 
variability such as on the circadian amplitude of BP would thus be missed. Herein, we reexamine effects 
of alcohol intake on BP from a chronobiologic perspective.
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Blood pressure, alcohol, and cardiovascular disease risk

Several outcome studies have shown that abnormal patterns of BP and/or heart rate (HR) are also 
associated with increased cardiovascular disease risk, beyond an elevation of the BP mean value [9-11]. In 
particular, too large a circadian amplitude of BP (CHAT, brief for Circadian Hyper-Amplitude-Tension), 
an excessive pulse pressure, and decreased HR variability (gauged by the standard deviation, SD) are 
Vascular Variability Disorders (VVDs) that have been associated, singly or in combination, with an 
increased cardiovascular disease risk. CHAT has been found to be more prevalent among patients with 
borderline hypertension [12, 13] and may reflect in part the transition from MESOR-normotension to 
MESOR-hypertension (where MESOR stands for Midline Estimating Statistic Of Rhythm, a rhythm-
adjusted mean).

In a 6-year prospective study of 297 patients [14, 15], the risk associated with different VVDs could 
be compared with other known risk factors, including alcohol consumption [16]. As seen in Figure 1, 
MESOR-hypertension and an excessive pulse pressure are associated with the largest cardiovascular risk. 
An excessive pulse pressure and CHAT, together with age, are also associated with a statistically significant 
increase in cardiovascular disease risk, and may be more specific than MESOR-hypertension since their 
relative risk has a narrower 95% confidence interval (height of bars in Figure 1). By comparison, alcohol 
consumption is associated with a smaller, albeit statistically significantly increased risk.

Figure 1 Alcohol consumption is associated with a statistically significant increase in the incidence of adverse cardiovascular 
events within the 6-year follow-up of 297 patients. It is, however, smaller than the risk associated with age, or excessive pulse 

pressure (PP), CHAT, or MESOR-hypertension (MH). © Halberg Chronobiology Center.

In this study, patients who consumed alcohol also had a larger circadian double amplitude of BP, on 
the average, Figure 2. Since the intake of alcohol could thus constitute a confounder in assessing the risk 
associated with CHAT, the relative risk of cerebral ischemic events and nephropathy was computed for the 
subpopulation of non-drinkers, as CHAT was more strongly associated with these outcomes than with the 
incidence of coronary artery disease or retinopathy [14, 15]. In each case, CHAT was still found to increase 
risk statistically significantly and had a relative risk higher than the risk of consuming alcohol [17].



NONINVASIVE METHODS IN CARDIOLOGY 2014

11

Figure 2 On the average, patients who consumed alcohol had a statistically significantly larger circadian double amplitude (2A) of 
systolic and diastolic blood pressure. © Halberg Chronobiology Center.

Effect of alcohol on circadian rhythm characteristics of blood pressure
In the study underlying results illustrated in Figures 1 and 2 [14-17], the amount of alcohol consumed 

was not specified. In order to better assess the effect of alcohol on BP, we turn to several small studies and 
case reports that investigated the effect of specific amounts of alcohol intake on BP and BP variability. 
One study on 7 healthy students compared the circadian BP pattern after 5 days of evening intake of 40 g 
alcohol versus orange juice [18]. As seen in Figure 3, opposite results were found when BP was compared 
between the two stages at 11:00 or at 01:00. The discrepancy is readily resolved by assessing the circadian 
variation in BP, which reveals that by comparison to orange juice, 40 g of alcohol in the evening was 
associated with a larger circadian amplitude of BP, but no change in the BP MESOR.

Figure 3 The circadian amplitude of systolic BP is larger when 7 subjects received 40 g of alcohol per day or orange juice for 
5 days in the evening. Testing at single times (11:00 or 01:00) yields opposite results, the discrepancy being resolved by assessing 

the circadian rhythm in BP. © Halberg Chronobiology Center.

Two case studies corroborate the observation that the larger the amount of alcohol consumed, the 
larger is the circadian amplitude of BP. In one study [19], a 70-year old man diagnosed with MESOR-
hypertension drank 7 to 8 180 mL-bottles of sake per day. In order to avoid problems often associated with 
alcohol withdrawal, he was advised to cut his alcohol intake gradually, first to half, then to one third of his 
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usual consumption, before quitting altogether. As seen in Figures 4 and 5, progressively reducing alcohol 
intake was associated with a decrease in the circadian amplitude of both systolic (S) and diastolic (D) BP.

Figure 4 Progressively decreasing daily alcohol intake by a 70-year old man is associated with a gradual decrease in the circadian 
amplitude of SBP. © Halberg Chronobiology Center.

Figure 5 Progressively decreasing daily alcohol intake by a 70-year old man is associated with a gradual decrease in the circadian 
amplitude of DBP. © Halberg Chronobiology Center.

In the other study [20], a 68-year old man systematically decreased his daily intake of alcohol on two 
different occasions. This study was prompted when a routine 7-day/24-hour ABPM revealed the presence 
of CHAT. During the study span from September to November 1999, the subject changed his daily alcohol 
intake and the timing of his treatment for benign prostatic hypertrophy. As seen from Figures 6 and 7, 
alcohol consumption was related to a larger circadian amplitude of both SBP and DBP, irrespective of 
treatment time. In this case, alcohol consumption was also associated with a lower HR variability, gauged 
by the double circadian amplitude, Figure 8.
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Figure 6 Decreasing daily alcohol intake was associated with a decrease in the circadian double amplitude of SBP in a 68-year 
old man. Treatment for benign prostatic hypertrophy was switched from the evening (left) to the morning (right).  

© Halberg Chronobiology Center.

Figure 7 Decreasing daily alcohol intake was associated with a decrease in the circadian double amplitude of DBP in a 68-year 
old man. Treatment for benign prostatic hypertrophy was switched from the evening (left) to the morning (right).  

© Halberg Chronobiology Center.

Discussion

In order to contrast effects of alcohol with some components of alcoholic beverages (such as antioxidant 
polyphenols), Zilkens et al. [21] examined 28 healthy men who were assigned to four 4-week stages in 
a crossover study. The 4 stages consisted of abstention, red wine (375 mL/day or 39 g of alcohol), the 
same amount of dealcoholized red wine, and beer (1125 mL/day or 41 g of alcohol). At the end of each 
stage, each subject underwent a 24-hour ABPM session. The authors reported (1) no difference between 
abstinence and dealcoholized red wine, (2) 2.9 or 1.9 mmHg increases in awake SBP, and (3) 5.0 or 3.4 
beats/min increases in asleep HR in association with red wine or beer compared to abstinence [21]. They 
conclude that red wine polyphenols do not have a significant role in mitigating the BP-raising effect of 
alcohol in men [21].
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Figure 8 Increasing daily alcohol intake was associated with a decrease in the circadian double amplitude of HR in a 68-year old 
man. Treatment for benign prostatic hypertrophy was switched from the evening (left) to the morning (right).  

© Halberg Chronobiology Center.

A reexamination of their study from a chronobiologic perspective confirms an increase in the MESOR 
of SBP but not of DBP and an increase in the MESOR of HR. In addition, as anticipated from results 
presented above, red wine was associated with a statistically significant increase in the circadian double 
amplitude of both SBP and DBP and with a decrease in the circadian double amplitude of HR, Figure 9.

Figure 9 As compared to abstinence, daily intake of red wine (39 g alcohol) for 4 weeks was associated not only with a small 
increase in the MESOR of SBP and HR, but also with an even larger effect on the double amplitude of SBP, DBP, and HR. 

© Halberg Chronobiology Center. 

Supporting the conclusion of Zilkens et al. [21], a recent study [22] used the rs1229984 variant in 
the alcohol dehydrogenase 1B gene (ADH1B) as an instrument to investigate the causal role of alcohol 
in cardiovascular disease. In this Mendelian randomization meta-analysis of 56 epidemiological studies, 
ADH1B carriers consumed 17.2% less alcohol and had higher abstention odds ratio than non-carriers. 
Carriers also had lower SBP, interleukin-6 concentrations, waist circumference, and body mass index. They 
had lower odds of coronary heart disease, independently of the amount of alcohol consumption, and lower 
odds of ischemic stroke. The authors conclude that reducing alcohol consumption, even among moderate 
drinkers, is beneficial for cardiovascular health. Interestingly, an alcohol-induced increase in the circadian 
amplitude of BP may bring about CHAT among individuals who have a large circadian amplitude of BP at 
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the outset. As discussed above, CHAT has been associated with a large increase in cardiovascular disease 
risk in several outcome studies, notably in terms of cerebral ischemic events [9-11, 14-17].

The debate about a potential protective effect of moderate alcohol consumption on cardiovascular 
health may not be over. Changes in BP are only some of several effects of alcohol intake. Two studies 
report a beneficial effect of moderate alcohol consumption on cardiovascular status from the perspective 
of its effect on plasma dehydroepiandrosterone sulfate (DHEA-S). In one randomized, diet-controlled, 
crossover study of 19 healthy moderate alcohol drinkers, moderate alcohol consumption increased plasma 
DHEA-S concentrations by 16.5% (95%CI: 8.0 – 24.9) and serum HDL by 11.7% (95%CI: 7.3 – 16.0) [23].

Another study [24] investigated relationships between alcohol consumption and serum DHEA-S 
concentration and cardiovascular disease risk gauged by carotid ultrasonography in 404 consecutive 
men with non-insulin-dependent diabetes mellitus, subdivided into 3 subgroups (non-drinkers, moderate 
drinkers, and heavy drinkers). Plasma HDL was positively associated with the degree of alcohol 
consumption. Intima-media thickness and plaque score were lower in moderate than in non-drinkers. 
Serum DHEA-S concentrations were higher in moderate and heavy drinkers than in non-drinkers [24].

These results are in keeping with our own observations. In our international breast cancer study [25], 
we also found a large difference in plasma DHEA-S concentration in clinically healthy women tested in 
summer, in relation to the aspects of personality gauged by Scale 9 of an abbreviated Minnesota Multiphasic 
Personality Inventory [26], which in turn has been correlated with the risk of developing alcohol and drug 
abuse, Figure 10 [27].

Figure 10 Large difference in plasma DHEA-S concentration in clinically healthy women at high vs. low risk of developing 
alcohol and drug abuse assessed from questionnaire. DHEA-S concentrations are higher in low-risk than in high-risk women. 

© Halberg Chronobiology Center.

Conclusions

As noted above, many confounders complicate the assessment of effects specifically related to alcohol 
consumption [1, 5, 8, 21, 22]. Crossover designs, such as that used in the study by Zilkens et al. [21], where 
subjects can serve as their own longitudinal control, have the advantage of greatly reducing effects of 
confounding factors. Since day-to-day variability in BP and even in their circadian rhythm characteristics 
can be very large [9, 17], however, monitoring for longer than 24 hours has been advocated [10].
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An effect of alcohol intake on BP or some other mediators of cardiovascular disease may not necessarily 
translate into actual benefit or harm. Only actual outcomes can answer this question, but epidemiological 
studies have their own limitations, as discussed above, alcohol consumption being only one among many 
other features that are part of a person’s diet and lifestyle.

A chronobiologic approach can be very useful in taking into consideration the usually prominent 
circadian variation in BP, HR, and many other physiological variables. It also estimates the effect of any 
given intervention (such as alcohol intake) on the circadian amplitude and/or acrophase beyond any effect 
on the MESOR. As illustrated herein, alcohol consumption affected the circadian amplitude of BP and HR 
more than these variables’ MESOR. This observation has important implications when interpreted in the 
light of VVDs as they relate to cardiovascular disease risk. Indeed, alcohol intake may be more harmful to 
an individual who has a large circadian amplitude of BP or a small circadian amplitude of HR at the outset 
since it may bring about CHAT or deficient HRV, two VVDs associated with increased cardiovascular 
disease risk. Individuals with circadian amplitudes of BP and HR well within the acceptable range may 
not be exposed to the same potential harm from alcohol consumption, since the circadian amplitudes of BP 
and HR have a nonlinear relationship to cardiovascular disease risk [28]: the latter is increased only once 
the circadian amplitude of BP or HR exceeds a threshold. The results presented herein remind us of the 
importance of individualization, whether for dietary purposes or for anti-hypertensive treatment [29, 30].
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THE ROLE OF OSCILLATIONS OF BIOLOGICAL 
VARIABLES: “HILLCLIMBER” AND U-SHAPED 
CONTROL- FUNCTIONS

THOMAS KENNER
Medical University Graz, Department of Physiology, Graz

The field of chronobiology mainly is concerned with rhythms of different frequency, like circadian, 
circaseptan, circannual etc. (1). Although most periodic events are composed of periods of activity and 
periods of rest, or of periods of higher and lower activity, it appears that the term delay was so far, until 
recently, not yet of particular interest. There are two reasons why a short introduction to the chronobiological 

and chronopathological aspects of delay appear to be of interest.

Symmorphosis
Ewald E. Weibel has summarized important interactions between morphology and Physiological 

function with the word SYMMORPHOSIS.

The original definition of symmorphosis, as expressed by Taylor and Weibel 1981, is: “state of structural 
design commensurate to functional needs resulting from regulated morphogenesis whereby the formation 
of structural elements is regulated to satisfy but not exceed the requirements of the functional system.” 

He continues in his book: “It is immediately obvious that the principles of adaptation, integration, and 
economy are satisfied if structural design is commensurate to functional needs throughout the organism.”

Oscillations
Random oscillations of our body are extremely important for the adjustment and the control of biological 

systems. The best known example of this control mechanism is the presence of minimal movemets of 
a upright standing person. The small movements permit our sensors for position and movemet, to record 
our position and movements. Without these movements we would be in danger to fall. 

If somebody is walking, our movements are continuously recorded to adjust our upright position. 
Everybody has certainly observed: if somebody would balance on top of a small platform he automatically 
generates well visible movements of arms and hands in order not to fall down. This phenomenon is also 
called „to balance“. There are quite a lot every-day observable phenomena of this type, even if somebody 
walks along a slippery way.

The same basic phenomenon of the adjustment of an equilibrium can be observed in many (if not all) 
of the autonomic control systems in our body. A detailed description and interpretation of examples can be 
found e.g. in the works of I. Priban and E. Monos. 

As a fundamental rule one can summarize, that for each variable in the body (like blood pressure, 
temperature, blood-pH and oxygen tension, etc.) there is an certain operating point. Priban uses the 
name „hill-climber“ because the top of the hill represents the ideal operating position of the variable (or 
several variables!), which should be adjusted uder normal condition. Of course this value may, to some 
extent – in addition - depend on the condition (like work, rest, sleep etc.). In order to shift the variables 
to the necessary operating point, slight oscillations of the variable help the correct modifications and 
adjustments. Fig. 1 (from Ian Priban, ) represents the picture of the „top of the hill“ which indicates the 
achieved normal combined values in the blood of pH, pCO

2 
and pO

2
 depending on respiration and on the 

adjusted respiratory gas exchange.



NONINVASIVE METHODS IN CARDIOLOGY 2014

20

Figure 1 Relation between the respiratory variables of blood

It is clear that – according to this drawing - the way up to the hill top is not always straight. It can be 
observed that many variables in a living system can be found to oscillate and to set the trend of the „normal 
value“ in the direction of a upward or downward „hilltop“ as in fig. 1.

Furthermore: it has been observed that the central neural contol centers themselves generate small 
oscillations of each variable, in order to enable the hill-climbing-procedure.

An interesting U-shaped relation - Fig.2 from Weibel‘s book Symmorphosis (page 58) describes the 
optimum of the hematocrit in the vasular system, influencing viscosity of blood and influencing blood 
flow in such a way

To minimize the work for blood-transport.

 

Figure 2

With respect to the general clinical value of the hematocrit it can be seen that the normal value is optimal 
for oxygen transport and for the flow-resistance of whole blood due to blood viscosity. The corresponding 
diagram again shows the optimal situation as the minimum peak of a U-shaped characteristic function.

A very interesting example of a „downward hill“ has been described by Monos et al. (1995), the authors 
who have measured and drawn the Fig. 3. The pressure dependent variations of the characteristic impedance 
of central arteries tend to a minimum in the „normal“ blood pressure values. This is again minimizing the 
work for blood transport.
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Figure 3

OSCILLATIONS OF THE WHOLE BODY

Whole-body oscillations generated by the working the heart beat (contraction and blood pumping) are 
well known by observing the ballistocardiogram. (A somewhat different name in Russian literature (Parin 
et al. 1997) from which the Fig 4 is taken, is: Seismo-kardiogram. Fig. 4) -The picture shows in the first 
line the Seismo-kardiogram of a Person. The amplitudes change with breath (lowest signal). In the middle: 
EKG , the amplitude of the R-wave varies also with breath due to movement of the axis of the heart. 

Figure 4

It is well known, that heart beat and respiration is synchronized. In the examle of Fig. 4 the synchronisation 
is 1: 3 (one breath – 3 heart beats).

Another example of oscillations in the body was described by the Viennese Professor of Psychology 
Hubert Rohracher and published in 1949 in Vienna: the socalled „microvibrations“ which are generated by 
and in different, and especially small muscles. 

My Assistents E. Gallasch and M. Moser have designed equipment, which was used to record these 
microvibrations in the Russian space-ship MIR. Fig 6. shows a summary of

Microvibrations in one cosmonaut through some time of weightlessness.
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Figure 5 Original accelerometric records of arm tremor from a 165-day orbital space flight (one preflight eight inflight and two 
postflight recordings). Text and the numbers oh the right-hand side indicate the day when the record was taken.

The examples of recordings were taken preflight, then several times until day 155 of spaceflight 
(weightlessness). Finally 2 records of postflight situation were taken.   

One can see a marked reduction of frequency and amplitude of the microvibrations in the condition of 
weightlessness in space. 

A completely different application of the same technique is recording of microvibration in a baby (hand) 
during sleep, Gallasch et al. 1997: N1 to N4 – Non-REM –sleep / and R1 to R4 – REM - Sleep. (Fig. 7).

Figure 6

One can see, that in our bodies exist continuously normal oscillations of different frequencies, Some of 
these oscillations are synchronized. They might be synchronized with internal oscillations like heart beat. 
They might also be synchronized with external oscillations; e.g. in a autocar or in a railway-car.

Finally, I want to add, that many more details about not-normal or pathological oscillations could be 
reported.

A frequent example is the oscillating Cheyne-Stokes respiration which can be seen in high altitude 
– oxygen lack, or in persons with insufficiency of heart beat. The consequence is a failure in the proper 
control of the normal sequence of breath to breath. In Cheyne-Stokes respiration some breaths are deeper, 
then get smaller and smaller and then deeper again – and thus continuing.
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Furthermore and finally there are normal oscillations in blood pressure and blood flow. These oscillations 
can change if the blood pressure is lowered by blood loss. The following picture shows oscillations in 
the femoral blood flow in an anesthetized dog during intravenous infusion of Acetylcholine. The picture 
shows from top down: Venous oxygen saturation, then: blood flow through femoral artery, then: blood 
flow through the femoral vein, and through the carotid artery. The last line finally shows the arterial 
blood pressure. This picture demonstrates , how the circulation can be destabilized – in this example of an 
experiment.

Figure 7
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Abstract

The extent of day-to-day variability in estimates of the MESOR (rhythm-adjusted mean) and 24-hour 
amplitude of systolic blood pressure (SBP) of 42 clinically healthy men and women, 20-41 years of age, 
who exercised twice a week, is assessed by means of the Bland-Altman plot. The method is adapted to 
estimate the bias, precision and limits of agreement for a comparison of daily estimates of SBP-M and 
SBP-A on days without or with exercise versus estimates from the 7-day record, and between days with and 
without exercise. The bias on SBP-M was small, whereas the precision was consistently around 4 mmHg. 
The precision on SBP-A was about 4.5 mmHg for men and 3.5 mmHg for women, with a positive bias 
stemming from larger estimates derived from 1-day than from 7-day records. A difference in SBP-A 
between days with versus without exercise is statistically significant for women but not for men. For the 
diagnosis of hypertension and other abnormalities in BP patterns, BP should be monitored around the 
clock for longer than 24-hour spans to obtain a reliable estimate of BP and BP variability, preferably 
accompanied by a diary reporting on daily activities such as exercise.

Introduction

Proper diagnosis and effective treatment of high BP require an accurate assessment of BP and BP 
variability, including circadian as well as day-to-day variation. Indeed, several outcome studies [1-6] have 
shown that abnormal circadian patterns of BP and HR are associated with an increased cardiovascular 
disease risk. Moreover, as compared to uncomplicated MESOR-hypertension, the presence of additional 
Vascular Variability Disorders (VVDs) (as these abnormal BP and HR patterns are called) greatly increases 
the risk of adverse vascular events [7]. These results led to guidelines agreed upon at a consensus meeting 
held at St. Anna Hospital, Masaryk University, Brno, Czech Republic, on October 6, 2008 [8].

There is also often considerable day-to-day variability in BP and HR, and in the circadian characteristics 
of these variables. Differences can be so large as to make the difference between MESOR-hypertensive 
diagnosed on one day and MESOR-normotension on another day [9]. This is due, in part, to the many 
factors that influence BP, from activity [10, 11], to diet and lifestyle [12, 13], and emotions [14, 15]. For 
these reasons, at the 2008 consensus meeting in Brno, it was advocated to measure BP and HR around the 
clock for at least 7 days at the outset [8].

End-organ damage associated with hypertension has been reported to correlate more with the 24-hour 
average BP derived from ABPM than with clinic BP [16]. It is also being recognized that the accuracy of 
clinic BP measurements is limited due to the presence of 24-hour BP variability, while 24-hour ABPM is 
viewed as having evolved into an accurate and reproducible tool for the assessment and management of 
hypertension [17]. The impression of reproducibility conveyed by correlation analysis may just be a sign 
that the comparison is made over a wide range of BP values. A high correlation does not automatically 
imply that there is good agreement between the two sets of data. This was illustrated for the case of 
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24-hour ABPM records obtained on two occasions, about one month apart, from 40 clinically healthy 
men, 20 to 60 years of age [18]. Whereas the MESORs and 24-hour amplitudes of SBP were highly 
correlated between the two profiles (M: r=0.586, P<0.001; 24h-A: r=0.739, P<0.001), there was an average 
difference of 7.1 mmHg in the MESOR and of 3.2 mmHg in the 24-hour amplitude of SBP between the two 
sessions. Differences in MESOR ranged between 0.2 and 31.1 mmHg for the MESOR and between 0.1 and 
11.2 mmHg for the 24-hour amplitude, clearly documenting that different conclusions and interpretations 
can be reached whether results are summarized for the population or for the individual.

The Bland–Altman plot, or rather the Tukey mean-difference plot, is a method of data plotting used in 
analyzing the agreement between two sets of data based on individual differences [19, 20]. Bland–Altman 
plots serve to investigate the existence of any systematic difference between the measurements (bias) and 
to identify possible outliers. The mean difference is the estimated bias, and the standard deviation (SD) 
of the differences measures the random fluctuations around this mean. Computation of 95% limits of 
agreement (average difference ± 1.96.SD) indicates how far apart the two sets of measurements are more 
likely to be for most individuals. Originally designed to assess the agreement between two different assays, 
it is here adapted to analyze the agreement between the MESOR and 24-hour amplitude of SBP estimated 
from 24-hour or from 7-day ABPM records, on the one hand, and from 24-hour ABPM records on days 
with exercise versus days without exercise, on the other hand. 

Subjects and Methods

As described elsewhere [21], 42 subjects (22 men and 20 women), 20-41 years of age, participated in the 
study. Each provided data at 30-min (05:00 – 22:00) or 60-min (22:00 – 05:00) intervals for 7 days (with 
occasional interruptions), using the TM-2421 ambulatory monitor from A&D (Tokyo, Japan). Oscillometric 
measurements were used for analysis. On 2 of the 7 days, they exercised on a bicycle ergometer (Kettler, 
type X7, Germany) for 1 hour at a fixed load (M: 120 W; F: 80 W). Every exercise session consisted of 
a 3-min warm-up, a 54-min cycling at a fixed load, and a 3-min cool-down [21]. The study was approved 
by the local ethics committee and all subjects signed an informed consent.

SBP data from each subject were analyzed by cosinor [22-24]. A 2-component model consisting of 
cosine curves with periods of 24 and 12 hours was fitted by least squares to the data, yielding estimates of 
the MESOR and of the amplitude and acrophase of each component. This model was fitted to the 7-day 
record and to consecutive days considered separately.

The Bland-Altman plot was adapted to estimate the bias, precision and limits of agreement for 
a comparison of daily estimates of SBP-M and SBP-A on days without or with exercise versus estimates 
from the 7-day record, and between days with and without exercise. Analyses were carried out separately 
for men and women.

Results

There is large variability in SBP-M, both among individual men and women and from one day to 
another, Figures 1 and 2. Dots represent daily estimates of SBP-M and dashes are SBP-M estimates from 
the entire record. Variability in SBP-A is also very large, Figures 3 and 4.
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Figure 1. SBP-M estimates from the entire record (dashes) and for separate daily spans (dots) show a large scatter in men. 
© Halberg Chronobiology Center.

Figure 2. SBP-M estimates from the entire record (dashes) and for separate daily spans (dots) show a large scatter in women. 
© Halberg Chronobiology Center.

Figure 3. Estimates of SBP-A from the entire record (dashes) and for separate daily spans (dots) also show a large scatter in men. 
© Halberg Chronobiology Center.
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Figure 4. Estimates of SBP-A from the entire record (dashes) and for separate daily spans (dots) also show a large scatter in 
women. © Halberg Chronobiology Center.

Figures 5 and 6 are Bland-Altman plots comparing daily estimates of SBP-M on days without exercise 
with the 7-day SBP-M estimate for men and women, respectively. A comparison of daily estimates of SBP-M 
on days with exercise with the 7-day SBP-M estimate is provided in Figures 7 and 8 for men and women, 
respectively. It can be seen that the bias in SBP-M is small, ranging from -0.2 to 0.5 mmHg (P>0.50). 
The precision, however, is consistently around 4 mmHg. Hence, limits of agreement are approximately 
± 8 mmHg.

Figure 5. Bland-Altman plot comparing daily estimates 
of SBP-M on days without exercise with the 7-day SBP-M 

estimate for men. © Halberg Chronobiology Center.

Figure 6. Bland-Altman plot comparing daily estimates 
of SBP-M on days without exercise with the 7-day SBP-M 
estimate for women. © Halberg Chronobiology Center.
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Figure 7.: Bland-Altman plot comparing daily estimates of 
SBP-M on days with exercise with the 7-day SBP-M estimate 

for men. © Halberg Chronobiology Center.

Figure 8.: Bland-Altman plot comparing daily estimates of 
SBP-M on days with exercise with the 7-day SBP-M estimate 

for women. © Halberg Chronobiology Center.

Figures 9 and 10 are Bland-Altman plots comparing daily estimates of SBP-A on days without exercise 
with the 7-day SBP-A estimate for men and women, respectively. A comparison of daily estimates of 
SBP-A on days with exercise with the 7-day SBP-A estimate is provided in Figures 11 and 12 for men and 
women, respectively. 

The bias in SBP-A is invariably positive (P<0.05), the SBP-A estimate being larger from 1-day than 
from 7-day records. The precision is about 4.5 mmHg for men and 3.5 mmHg for women. The positive bias 
in SBP-A is in part related to the large day-to-day variability in SBP-M. 

Figure 9. Bland-Altman plot comparing daily estimates of 
SBP-A on days without exercise with the 7-day SBP-A estimate 

for men. © Halberg Chronobiology Center.

Figure 10.: Bland-Altman plot comparing daily estimates of 
SBP-A on days without exercise with the 7-day SBP-A estimate 

for women. © Halberg Chronobiology Center.
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Figure 11. Bland-Altman plot comparing daily estimates of 
SBP-A on days with exercise with the 7-day SBP-A estimate for 

men. © Halberg Chronobiology Center.

Figure 12. Bland-Altman plot comparing daily estimates of 
SBP-A on days with exercise with the 7-day SBP-A estimate for 

women. © Halberg Chronobiology Center.

Figures 13 and 14 are Bland-Altman plots comparing differences in daily estimates of SBP-M on days 
with versus without exercise with daily estimates of SBP-M on days without exercise for men and women, 
respectively. The precision is 4.5 mmHg for men and 5.2 mmHg for women, slightly larger than the 
precision associated with a comparison of SBP-M days with or without exercise versus the SBP-M estimate 
from the entire record. The bias, however, remains small, suggesting that SBP-M was not overly affected 
by the 1-hour exercise performed twice during the week of monitoring. 

Figure 13. Bland-Altman plot comparing differences in daily 
estimates of SBP-M on days with versus without exercise with 
daily estimates of SBP-M on days without exercise for men. 

© Halberg Chronobiology Center.

Figure 14. Bland-Altman plot comparing differences in daily 
estimates of SBP-M on days with versus without exercise with 
daily estimates of SBP-M on days without exercise for women. 

© Halberg Chronobiology Center.

Figures 15 and 16 are Bland-Altman plots comparing differences in daily estimates of SBP-A on days 
with versus without exercise with daily estimates of SBP-A on days without exercise for men and women, 
respectively. For men, but not for women, exercise is associated with an increase in SBP-A when the 
SBP-A on days with no exercise is small, and with a decrease in SBP-A when the SBP-A on days with no 
exercise is large. Whether this relationship is the result of a regression towards the mean [25] remains to 
be determined.

The precision is 3.9 mmHg for men and 3.6 mmHg for women, similar to the precision associated with 
a comparison of SBP-A days with or without exercise versus the SBP-A estimate from the entire record. 
The bias is positive for both men and women. It is statistically significant for women (2.3 mmHg, P<0.01), 
but not for men (0.4 mmHg, P>0.50). A summary of results is given in Table 1.
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Figure 15.: Bland-Altman plot comparing differences in daily 
estimates of SBP-A on days with versus without exercise with 
daily estimates of SBP-A on days without exercise for men. 

© Halberg Chronobiology Center.

Figure 16.: Bland-Altman plot comparing differences in daily 
estimates of SBP-A on days with versus without exercise with 
daily estimates of SBP-A on days without exercise for women. 

© Halberg Chronobiology Center.

Table 1.: Summary of results from Bland-Altman plots

Comparison Sex N SD Limits of Agreement Bias Paired t P-value

MESOR

NoEx vs. 7d M 95 3.7 -7.5 7.1 -0.2 0.490 0.625

Ex vs. 7d M 40 4.1 -7.7 8.5 0.4 0.593 0.557

Diff vs. NoEx M 22 4.5 -8.5 9.0 0.2 0.249 0.805

NoEx vs. 7d F 99 3.7 -7.4 7.0 -0.2 0.436 0.664

Ex vs. 7d F 40 3.5 -6.6 7.2 0.3 0.537 0.594

Diff vs. NoEx F 20 3.9 -7.1 8.0 0.5 0.560 0.583

24-hour Amplitude

NoEx vs. 7d M 95 4.9 -8.4 11.0 1.3 2.554 0.012

Ex vs. 7d M 40 4.2 -6.8 9.8 1.5 2.251 0.030

Diff vs. NoEx M 22 3.9 -7.3 8.0 0.4 0.453 0.655

NoEx vs. 7d F 99 3.1 -5.5 6.8 0.6 2.008 0.048

Ex vs. 7d F 40 3.8 -4.5 10.4 3.0 4.965 <0.001

Diff vs. NoEx F 20 3.6 -4.7 9.4 2.3 2.920 0.009

N: number of comparisons (days) – for comparison of days with vs. without exercise, results were pooled across all 
days either with or without exercise, resulting in a single comparison per subject; SD: Standard Deviation. SD, limits 
of agreement and bias expressed in mmHg.

NoEx: Days without exercise; Ex: days with exercise; Diff: days with – without exercise.
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Discussion and Conclusion

Many factors contribute to the large day-to-day variability in BP, including exercise [10, 26, 27]. In this 
study, an effect of exercise was observed for the SBP-A of women but not men. Exercise in the evening was 
reported earlier to be associated with a larger circadian BP amplitude [28]. Whereas previous studies found 
a circadian stage-dependent effect of exercise on BP [26, 29], no such differences were found in the present 
study. It is possible that the inter-individual variability in circadian characteristics of SBP were too large to 
pool data from all subjects to test for a circadian stage-dependent effect of exercise. Studies documenting 
a circadian stage-dependent effect of exercise were indeed designed so that each subject would exercise in 
a standardized fashion at different times covering most of the 24-hour scale.

Results from this investigation indicate that BP variability within a day is quite large. In this study, SBP 
values in any given individual record varied in a range averaging about 100 mmHg. The standard deviation 
was about 15 mmHg. The 7-day SBP-2A, which estimates the amount of variation that can be expected 
to occur predictably within a day, averaged 23 mmHg, ranging from 11 to 37 mmHg among the 42 study 
participants. 

The SBP-M, which represents an average of about 40 to 50 measurements per day taken around the 
clock, was found to vary greatly from one day to another, as evident from the 4 mmHg precision derived 
by the Bland-Altman plots. Individual SDs of daily SBP-Ms averaged 3.7 mmHg (range: 1.3 – 7.7 mmHg).

The resulting uncertainty from a single 24-hour record can make a large difference in terms of the 
diagnosis and the decision to treat [9]. For the diagnosis of hypertension and other abnormalities in BP 
patterns, BP should be monitored around the clock for longer than 24-hour spans to obtain a reliable 
estimate of BP and BP variability [7, 8, 30].
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DEVELOPMENT OF CIRASEPTAN AND CIRCADIAN 
RHYTHM IN MAN

JARMILA SIEGELOVA, GERMAINE CORNELISSEN*

Dept. of Physiotherapy and Rehabilitation, Dept. of Sports Medicine and Rehabilitation, St. Anna Teaching Hospital, 
Faculty of Medicine, Masaryk University, Brno; *Halberg Chronobiology Center, University of Minnesota, USA

From the 80th in the last century cooperation between prof. Franz Halberg, Halberg chronobiology 
center and Masaryk University started. In Masaryk University, Brno chronobiology team, composed of 
Prof. B. Fiser (1943-2011), Dr. Dusek and Prof. Siegelova, organized every year together with Prof. Franz 
Halberg, Dr. med., Dr.h.c. mult. (1919-2013) and Prof. G. Cornelissen, Dr. Othild Schwarrtzkopff, Halberg 
Chronobiology Center, Minnesota, USA, Prof. Thomas Kenner, Dr. med., Dr.h.c. mult., University Graz, 
Austria and Prof. J.P. Martineaud (1931- 2010), Paris, France, Symposia and Congresses, held in Masaryk 
University, Brno and the presentations were published as scientific papers in Noninvasive Methods in 
Cardiology in 1999, 2002, 2003, 2004, 2006, 2007, 2008, 2009, 2010, 2011, 20012 and 2013, http://www.
med.muni.cz/index.php?id=1376 (1-16). The publications were every year sent also to Prof. Theodor 
Friedrich Hellbrügge, Dr. med., Dr.h.c. mult., University Munich, Germany (1919-2014). Figure 7 shows 
the letter of Prof. Theodor Friedrich Hellbrügge who thanked us for it. Prof. Theodor Friedrich Hellbrügge 
described circadian and ultradian rhythm in premature babies and newborns (17, 18).

In the year 2000, the Rector of Masaryk University honored Prof. Franz Halberg, Dr. med., Dr.h.c. 
mult. and Prof. Thomas Kenner, Dr. med., Dr.h.c. mult. with the title Doctor honoris causa of Masaryk 
University Brno. Figures 1-4 show the ceremony in Masaryk University Brno, and Professor Theodor 
Friedrich Hellbrügge was also in Brno present. 

Figure 1 Prof. Franz Halberg, Prof. Thomas Kenner, Prof. Jiri Zlatuska (Rector of Masaryk University), Prof. Jarmila Siegelova, 
Prof. Libor Pac, Prof. Dr. med. Dr. h. c. mult. Theodor Friedrich Hellbrügge and others in Masaryk University Brno in 2000 
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Figure 2 Prof. Franz Halberg (1919-2013), University of Minnesota, USA, Prof. Thomas Kenner, University of Graz, Austria 
in Masaryk University Brno in 2000

Figure 3 Prof. Helena Illnerova, president of Czech Academy of Sciences, Dr. Othild Schwartzkopff-Halberg, Prof. Bohumil Fiser, 
Ministry of Health of the Czech Republic (1943-2011), Brigitte Kenner in Masaryk University Brno in 2000
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Figure 4 Prof. Dr. med. Dr. h. c. mult. Theodor Friedrich Hellbrügge, University of Munich, Germany, in Masaryk University 
Brno in 2000

Chronobiological studies in Masaryk University were aimed for long lasting blood pressure monitoring 
in premature babies and newborns, lasting 14 to 45 days and in adult people seven day lasting ambulatory 
blood pressure monitoring. We tested the hypothesis that neonatal blood pressure has an about 7-day 
circaseptan rhythm as prominent or even larger in amplitude than 24-h component, described and quantified 
as the major component in human adults. Blood pressure and heart rate were monitored automatically for 
14 to 45 days, mostly at 30 minutes intervals from a total of 86 babies (18). Our results are summarized in 
figure 5. We have found large prominence of circaseptan component vs. circadian variation. 
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Figure 5 Comparison of double amplitude of circadian (24 hours), semicircaseptan (84 hours) and ciraseptan of the circaseptan 
component (168 hours) of systolic blood pressure, diastolic blood pressure and heart rate in newborns in relation to the date 
of birth derived by cosinor analysis. Note large prominence of circaseptan component vs. circadian variation. Bars represent 

the double amplitude (means plus/minus 95% confidence limit) of cicaseptan and circadian components. Amplitudes of the two 
components differ with statistical significance (p<0.01, Kruskal-Wallis test). 

We examined healthy subjects using seven-day ambulatory blood pressure monitoring. From 7-day 
ambulatory blood pressure monitoring we assessed the chronome of 7-day/24-hour blood pressure (BP) 
and heart rate (HR) using Halberg cosinor analysis (1, 2, 3). Blood pressure and heart rate profiles at 
30-min intervals from 145 subjects were analyzed by sphygmochron. Our data showed, using comparison of 
double amplitude of circadian (24 hours), semicircaseptan (84 hours) and ciraseptan and of the circaseptan 
component (168 hours) of systolic blood pressure and heart rate, large prominence of circadian component 
vs. circaseptan variation in adult healthy subjects. That is documented in figure 6.
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Figure 6 Comparison of double amplitude of circadian (24 hours), semicircaseptan (84 hours) and ciraseptan and of the 
circaseptan component (168 hours) of systolic blood pressure and heart rate in adult man derived by cosinor analysis. Note large 

prominence of circadian component vs. circaseptan variation. Bars represent the double amplitude (means) of cicaseptan and 
circadian components. Circaseptan component is statistically significant for blood pressure but not for heart rate. The half-week 
is significant for all 3 variables, as is the circadian rhythm. The acrophases are around mid-week and mid-afternoon for the week 

and day, respectively.

Conclusion 

Long lasting monitoring in newborns showed slow oscillations with a different period between 5 to 10 
days were found either in HR or in BP in all newborns. An identical period in HR, SBP and DBP was found 
in 31%. The peak of 24-hour periodicity in HR was found in 50% of newborns, in SBP and DBP only in 
43%. The peak of 24-hour periodicity was always smaller than those found with circaseptan rhythm. Mean 
power spectra revealed a significant peak (p<0.05, Student t-test) at 0.16 cycles per day in HR, SBP and 
DBP. The results of this study brought the evidence: 1. the expression of a circadian rhythm during the first 
week of extra-uterine life, with an acrophase peaking in the early morning hours; 2. the larger prominences 
of the circaseptan vs. the circadian component of blood pressure and heart rate, with amplitude ratios larger 
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than 1.5 and 95% confidence intervals not overlapping; 3. the endogenicity of the circaseptan component, 
suggested by a synchronization among babies in relation to the time of birth, which carries no 7-day 
information, rather than relation to a calendar date, to which societal factors are related.

Seven day ambulatory blood pressure monitoring in adult subjects brought the evidence (from 145 
subjects) of circaseptan component, statistically significant for blood pressure but not for heart rate. The 
half-week is significant for all 3 variables systolic blood pressure, diastolic blood pressure and heart rate. 
The circadian rhythm is much more prominent in all cardiovascular variables in adult subjects.
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Figure 7 The letter of Professor Theodor Friedrich Hellbrügge, Dr. med., Dr.h.c. mult., University Munich, Germany (1919-2014)
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SOME REMARKS  CONCERNING VASCULAR AND 
MUSCULAR PULSATIONS: MEASUREMENTS OF THE 
GRAZ-PHYSIOLOGY IN THE AUSTROMIR PROJECT

THOMAS KENNER 
Department of Physiology, University of Graz, AUSTRIA

With this lecture I want to commemorate 4 persons who did remarkable work on the interpretation and 
analysis of vascular flow and pulsations. They were most important and helpful for my education in the 
field of hemodynamics:

Otto Gauer, Roland Ronniger, Erik Wetterer, Ernst O. Attinger.

Pulsations of arteries

Pulsations of arteries, in particuar pulsations of the radial artery and of the temporal artery were already 
well known to Hippokrates. It seems especially interesting, that on one hand, tempus has the meaning of 
time, and that that the feeling of the temporal artery has something to do with rhythmic music and dancing 
in historic times.

My personal interest in recording and interpretation started soon after my promotion as Medical Doctor 
and consequently to my activity as a young physician in a Department of Internal Medicine in a Viennese 
Hospital. I had the possibility to record arterial pulses with available equipment. In particular I also had 
the opportunity to use X-ray equipment to record pulses of the pulmonary artery and of the heart – using 
a special recording system with the name “Elektrokymograph”. With this system all pulsations of central 
arteries and of the heart could be recorded (1).

In the following time R. Ronniger taught me how to apply the methods to analyze and describe arterial 
pulsations and we published several papers on this topic (36). Further on my way led to the Professors 
Gauer, Wetterer and Attinger. With respect to hemodynamics I mention a book by Wetterer and Kenner (2).

The basic phenomenon in arterial pulsating blood flow is the fact that there is always a pressure pulse 
and a simultaneous flow pulse. During the propagation of both, they are influenced and modified by the 
socalled “characteristic impedance” of the elastic tube.

The characteristic impedance is described by

Z = c.g/Q

Where c is the pulse wave velocity, g is the density of blood and Q is the square area of the tube 
(RR,KW).  We use the symbol for pressure amplitude = dp , and the flow amplitude = di . The influence of 
the characteristic impedance Z on the relation of pressure amplitude dp to flow amplitude di is described 
by:

dp = Z.di

An example of a tube with increasing characteristic impedance and corresponding pressure- and flow-
amplitude can be seen in Fig. 1.
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In the case, that at a certain location of a tube exists a sudden local narrowing of the artery, the effect 
on pressure- and flow- will be similar as just described, except, that in addition reflection of the wave has 
to be considered.

R. Ronniger was one of the first to apply a mathematical (or geometric) method to describe the behavior 
elastic tubes – filled with fluid; a method, which was already used for the phenomena of electricity in 
long-distance transmitting wires. In such wires electric impulses are propagated in a characteristic speed. 
If, similar as in arteries, of the distance between two locations on the waves is described as phase-angle. 
E.G.: if a tube without any reflection at the outflow-end is described, the result is a circle. If – like the 
aorta – the tube is inhomogeneous, the constructed figure looks like an ellipse. We will later come back to 
this method of description.

ANALYSIS and DESCRIPTION of PULSES

If one looks at recorded pressure pulses, there are following characteristic values:

Duration of one period, duration of systole and diastole, shape of the pulse, steepness of upstroke, shape 
of systolic period, diastolic pressure, pressure amplitude, if possible: pulse wave velocity.

If simultaneous pulses are recorded, then the difference between both pulses are of interest. The method 
of analysis which shall be explained in the following report has – in analogy to electric waves of alternating 
current which are propagated in long-distance wires - can be applied in the same mathematical way to 
arterial pulses. 

In order to demonstrate the development of characteristic shapes of arterial pulses, Wetterer and Kenner 
(1, 2) used a 2 m long bicycle wheel rubber tube to observe and demonstrate the generation and reflection 
of waves. The “heart-pump” generated a central aortic flow pulse – similar to a normal left ventricle 
outflow. The result can be seen in Fig.1 

AN IMPORTANT NOTE: My coworkers, in particular Dozent Max Moser and I agreed, that 
the design of new Instrumentation must have properties, which are necessary for an application in 
medicine - and particularly in the clinic.

Figure 1 An example of a tube with increasing characteristic impedance and corresponding pressure- and flow-amplitude 
Left: Recording of rhythmic pressure pulses and phase. Right: “locus-plot of pressure transmission”
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The method used – as mentioned above - in analogy to electric long distance wires, describes the 
distance of the running wave and is plotted in grades (Fig. 1 – upper part). In the lower part, the distance 
between the maxima of the pressure wave corresponds to 180 grades. 

Fig. 2 shows – on the left side phase (upper part) and Quotient of pressure at the entrance of the tube 
p1 and at the end of the tube p3. 

The elliptic shape is characteristic for a tube with a low resistance outflow at the end. The figures 
which were calculated – as indicated above – are called “LOCUS-PLOTS or mor specifically: PRESSURE 
TRANSMISSION FUNCTION.

Figure 2 Pressure transmission function. 
Left: Recording of pressure-flow relation (phase difference pressure versus  flow).  

Right: locus plot of the input impedance of the  tube

Fig. 2 shows on the left side the characteristics  of the pressure transmission and (right) the corresponding 
locus plot from an experiment in which sinusoidal input flow of varying frequency was used. The 
transmission function P0/PL (entrance and end) and P0/P2 (emtrance and two thirds) and P0/P1 (entrance 
and one-third are shown as locus plots. The basic features correspond to those calculated by Ronniger 
(1954) and those by Wetterer and Kenner (1968). 

It can be shown, that in animal experiments, the injection of Noradrenalin and consequently 
vasoconstriction leads to a more flat shape of the transmission function (Fig. 3). The injection of 
Acetylcholine leads to more circular shapes, indicating peripheral vasodilatation.
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Figure 3 Locus plots demonstrating pressure transmission: 
Left: calculated from the locations in the model with narrowing tubes.  

Right: the locus plot was calculated from recordings in an anesthetized cat with different locations in aorta and femorl artery

The examples (below from an AUSTROMIR COSMONAUT) are shown, in order to enable 
the impression of the result of the transformation of two pulses by a mathematical analysis, which leads 
to the figure of locus plots. Such locus plots are helpful for interpretation and diagnosis. They are in 
agreement with model-calculation (Fig. 4).
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Figure 4 The examples of ASTROMIR COSMONAUT 

Left: recordings in a cosmonaut with pulse sensors: carotis and foot (see also the next diagram). Right the calculated pressure-
transmission locus plots. And corresponding model calculations.

The times with measurement during flight (= microgravity) is indicated in the figure.

Figure 5 Heart rate variability in sleep before, after microgravity

In Fig. 5 we can see heart rate variability in sleep before, after microgravity of ASTROMIR 
COSMONAUT.
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HISTORY OF BLOOD PRESSURE MEASUREMENT

First measurement of blood pressure was done by S. Hales (1677 – 1761) in horse (Fig. 6).

Below: HISTORY ! 

Stephen Hales
1677 - 1761

First measurement 
of blood presure

Figure 6 Measurement of blood pressure

As a contrast to the modern instruments: the fig. 6 shows the very first measurement of blood pressure 
in an animal.

Noninvasive measurement of blood pressure in the 19th century was developed by Riva - Rocci method 
and was used in clinic, in the 20th century Penaz developed beat by beat noninvasive measurement of blood 
pressure (Fig. 7).
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Figure 7 Prof. J. Penaz with finger-cuff blood pressure in 1966

Prof. PENAZ, who is still living in BRNO has invented the FINGER_CUFF-Method
to measure blood pressure. It seem to me important, that his name should not be forgotten.

In the 1980th in University of Graz under the guidance of professor Kenner the heart rate variability 
measurement was developed. Figure 8 shows an example of heart rate record.

HR...Heart Rate / hrs of sleep per day

Figure 8 Heart rate measurement in man 
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Using evaluation of continuous recordimg of ECG, the heart rate  was measured. The horizontal line 
indicates HR = Heart rate  during sleep  (line up showns the time of sleep = to 8 hours). 

AUSTROMIR project also reflected older methods from 19th century of investigations in circulation 
blood flow and used that for complex measurement of circulation in space (Fig. 9, 10, 11)

Figure 9 

Figure 10 FLAME-Flowmeter described by J. von Kries (1887)

First measurement of blood flow in the arm of a person. The pulsation by the flow of blood  through 
the arteries in the arm  can be seen on the hight of a simple gas-flame. (upper record shows the pulsation 
and the oscillations of the flow).

This record was published by the famous physiology Johannes von KRIES in 1887.
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FURTHERAPPLICATIONS OF DEVICES:
Accelerometer recordings (E. Gallasch):

Muscle movements of a baby during 5 1/2 hrs sleep
REM - Phases!

Figure 11 Measurement from a baby the resolution of the „MICRO-VIBRATIONS“ of muscle movements

Application of the measurement of the microvibration on a baby skin - in a hospital in Graz.  In a baby 
the micovibrations are much finer recordable. One can see: the vibrations indicate the socalled REM- sleep 
phases. (The baby was sleeping)

In this example, from a baby the resolution of the „MICRO-VIBRATIONS“ of muscle movements is 
increased.
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All measurement of heart rate and blood pressure and blood flow were developed for AUSTROMIR 
project which was used for AUSTROMIR project in space 1991 (Fig. 12).

Figure 12 AUSTROMIR project: our man in space 1991 

Austromir project: location and type of recordings are seen in fig. 12. The sensor jacket is necessary. 
Sensors and wires would otherwise float around during weightlessness.
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Figure 13 Recording of pulses

The example in Fig. 13 is from a Cosmonaut in the AUSTROMIR-PROJECT.  
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Figure 14 Recording of the microvibration. During the phase of weightlessness is the microvibration markedly smaller
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Figure 15 Picture of the  Russian space-ship AUSTROMIR, cover of a book in german (1991)

The picture shows the cover of a book (in German) about the Austromir Project. (1991). The Pulse 
wave analysis and literature can be also found in the Book DYNAMIK DES ARTERIENPULSES by 
E. Wetterer and T. Kenner, Sprinfer Verlag , 1968. In this book are abundant earlier literature (before 1968).
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Abstract

Decreased heart rate variability (HRV) has been associated with increased cardiovascular disease risk. 
Several studies have also shown that HRV is decreased in association with magnetic storms. The incidence 
and severity of magnetic storms, in turn, are usually higher at times of high solar activity, which follows 
an about 11-year cycle. An effect of magnetic storms on HRV, first found by us in ECG data from one 
of us, led to studies by the Asian (or rather International) Chronome Ecology study group on Heart Rate 
Variability (ACEHRV). It also led us to examine whether the counterpart of the solar activity cycle could 
also be detected in longitudinal records of heart rate and/or blood pressure. Herein, we examine whether 
this first demonstration in 1998, in a record covering but a single solar activity cycle, could be validated in 
the updated record from the same person now covering 26 years.

Introduction

Decreased heart rate variability (HRV) has been associated with increased mortality after acute 
myocardial infarction [1] and after coronary artery bypass grafting surgery [2]. A one-standard deviation 
(SD) drop in the SD of total normal R-R intervals was associated with a hazard ratio of 1.47 (95% CI: 1.16, 
1.86) in the Framingham Heart Study [3]. Together with increased sympathetic tone, it has been related to 
poor prognosis in several patient populations [4] and an increased risk of sudden cardiac death in patients 
with myocardial infarction, congestive heart failure or hypertension [5]. A decreased nighttime HRV was 
reportedly a strong marker for the development of stroke in apparently healthy subjects [6]. In healthy 
young adults, reduced HRV indices were independently associated with increased CRP concentrations [7]. 
It is thus important to gain a better understanding of factors in the environment which affect HRV.

A reduced HRV on days of high magnetic activity versus quiet days was first observed by us in the 
longitudinal electrocardiographic (ECG) record of a clinically healthy man, both in terms of the coefficients 
of variation of R-R intervals and of the total spectral power [8]. In the frequency domain, the decrease in 
HRV was statistically significant in the very-low frequency region (periods in the range of 25 to 333 s) but 
not in the low-frequency (periods of about 10.5 s in the range of 6.7 to 25 s) or high-frequency (periods of 
about 3.6 s in the range of 2.5 to 6.7 s) region (Figure 1), suggesting an underlying physiological mechanism 
other than the parasympathetic system as responsible for changes in HRV in response to magnetic activity 
[8, 9]. These results led to studies by the Asian (or rather International) Chronome Ecology study group on 
Heart Rate Variability (ACEHRV), which added much supportive evidence to the finding [10-12]. 
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Figure 1 During days of high magnetic activity, HRV is reduced to a different extent in different spectral regions. 
© Halberg Chronobiology Center.

A decrease in HRV and an increase in heart rate in association with solar activity, as gauged by 
Wolf numbers, was also observed in an 11-year longitudinal record of around-the-clock data collected 
mostly at 30-minute intervals by a clinically healthy man [13, 14]. The subject (YW) was 35 years old 
when he started to measure his blood pressure (BP) and heart rate (HR) by ABPM in August 1987. The 
data were summarized monthly as arithmetic means and standard deviations (SD) for comparison with 
Wolf’s numbers (WN) gauging solar activity. As seen in Figure 2, HR correlated positively, whereas 
HR-SD correlated negatively with WN. An about 11-year cycle was detected nonlinearly with statistical 
significance for both HR and HR-SD. The period estimate and its 95% confidence interval (CI) was 12.93 
(CI: 9.54, 17.91) years for HR and 11.52 (CI: 8.27, 16.22) years for HR-SD, compared to 10.80 (CI: 10.26, 
11.42) years for WN [13].

Figure 2 Time course of HR (left) and HR-SD (right) on healthy man (YW) compared with time course of solar activity gauged by 
Wolf’s numbers. © Halberg Chronobiology Center.

Subject and Methods

As of August 2013, YW had collected a 26-year record of BP and HR measurements, sampled 
automatically around the clock, mostly at 30-minute intervals by ABPM, with occasional short interruptions. 



NONINVASIVE METHODS IN CARDIOLOGY 2014

61

Monthly means and SDs were computed and analyzed by the extended cosinor [15-18]. Least squares 
spectra were obtained for BP and HR time series, as well as for monthly WN data over the same 26-year 
span. Using a trial period of 10.5 years, nonlinear least squares assessed the decadal period with its CI for 
each data series.

Results

In view of a decreasing trend in HR as a function of age, the monthly HR means were detrended by 
removing a linear trend. An increase in HR and a decrease in HRV in association with solar activity are 
observed in the 26-year longitudinal record, as it was previously in the shorter 11-year record, Figures 3 
and 4. The data are modeled by the least squares fit of cosine curves with periods of about 1.0 and 10.5 
years. Nonlinearly, the periods and their CIs are estimated as 1.02 [95%CI: 1.00, 1.04] and 10.60 [95%CI: 
9.21, 11.98] years for the monthly means and as 0.98 [95%CI: 0.96, 1.00] and 10.44 [95%CI: 8.85, 12.03] 
years for the monthly SDs of HR. In both cases, the about 11-year solar cycle length is included in the 
95% CI.

Figure 3 Decadal cycles in HR (blue curve) and WN (grey curve) vary in phase. © Halberg Chronobiology Center.
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Figure 4 Decadal cycles in HR-SD (blue curve) and WN (grey curve) vary out of phase. © Halberg Chronobiology Center

Discussion and Conclusion

Since the early observation of a decadal cycle in HRV, gauged by the SD of HR assessed in consecutive 
monthly intervals in a longitudinal record of around-the-clock data collected automatically by a clinically 
healthy man, here corroborated in this subject’s now 26-year record, decadal cycles have been detected 
in other longitudinal records [19-22]. As reported earlier [23], cycles with periods clustering around 10 
years have been found in longitudinal records of blood pressure and heart rate from several individuals 
spanning several decades. Summarizing the periods of the cycles detected in these longitudinal records 
in a histogram reveals a sharp peak around 10 years [23]. Decadal cycles are not trivial since they also 
characterize the incidence patterns of major vascular conditions such as myocardial infarctions [24, 25].

About 10-year cycles described here for a clinically healthy man, and also found in longitudinal records 
from other individuals [23] can only be assessed after years of monitoring, and their replication takes an 
even longer time. The uncertainties of the periods involved, dependent on the length of the time series 
available for analysis, constitute a major problem in extending the lessons from circadians to long-period 
cycles. In order to address the challenge that this problem represents, a repository of data and maps of 
photic and non-photic cycle characteristics derived therefrom is being built in an “atlas of chronomes” 
[26, 27], as a first step toward a systematic documentation of coperiodisms linking environmental cycles 
to cycles in biology and human affairs more generally, in an attempt to gain a better understanding of how 
humans interact with their environment.
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Abstract

Levels of physical activity and exercise tolerance among chronic kidney disease (CKD) patients with 
hemodialysis are low. Increased physical activity in this population has been associated with improved 
ability and capacity to perform activities in everyday life, occupational tasks, health-related quality of 
life and survival. Therefore regular exercise is recommended to this population. In contrast, the effect of 
regular exercise in pre-dialysis CKD patients has not been fully elucidated. In our laboratory, we have 
been demonstrated that renal protective effects of regular exercise in various animal models of pre-dialysis 
CKD. Moreover, we have established the Japanese Association of Renal Rehabilitation in 2011 to evaluate 
and promote renal rehabilitation (RR). RR is a feasible, effective and safe secondary prevention strategy 
following CKD, and offers a promising model for new field of rehabilitation. Therefore, RR does not 
simply aim to “Adding Life to Years” but “Adding Life to Years and Years to Life“, which is a new 
rehabilitation concept. Future randomized controlled trials should focus more on the effects of exercise 
training and rehabilitation programs as these subjects and exercise types have not been studied as much as 
cardiovascular exercise.

Introduction

Chronic kidney disease (CKD) is a worldwide public health problem. In patients with CKD, exercise 
endurance, measured as maximal oxygen uptake (VO

2
 max), etc. is lowered and this phenomenon 

becomes more distinct as the renal dysfunction advances. Poor physical condition and skeletal muscle 
wasting are associated with CKD. This is due to the combined effects of uremic acidosis, protein-energy 
malnutrition and inflammatory cachexia, which lead to and are further aggravated by a sedentary lifestyle. 
Together, these factors result in a progressive downward spiral of deconditioning. The importance of renal 
rehabilitation is addressed in this review.

Physical inactivity in CKD patients.

Physical inactivity is well recognized as a major health issue in today’s society. Regular exercise is 
important in maintaining health and preventing chronic disease, it is increasingly accepted as a valuable 
therapeutic intervention in many long-term conditions.

Patients with end-stage renal disease (ESRD) on maintenance hemodialysis have very high mortality, 
and yet higher mortality risk has been reported for sedentary hemodialysis patients [1]. As well as being 
a strong cardiovascular risk factor, physical inactivity is associated with increased risk of rapid kidney 
function decline in CKD [2].
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The effect of regular exercise in dialysis CKD patients.
Results from an international study of hemodialysis patients indicate that regular exercise is associated 

with better outcomes in this population and that patients at facilities offering exercise programs have 
higher odds of exercising. In DOPPS study, overall, 47.4% of participants were categorized as regular 
exercisers. The odds of regular exercise was 38% higher for patients from facilities offering exercise 
programs (P = 0.03) [3].

In DOPPS study, regular exercisers had higher health-related quality of life, physical functioning and 
sleep quality scores; reported fewer limitations in physical activities; and were less bothered by bodily 
pain or lack of appetite. Regular exercise was also correlated with more positive patient affect and fewer 
depressive symptoms. In models extensively adjusted for demographics, comorbidities and socio-economic 
indicators, mortality risk was lower among regular exercisers (hazard ratio = 0.73 [0.69–0.78]; P < 0.0001) 
and at facilities with more regular exercisers (0.92 [0.89–0.94]; P < 0.0001 per 10% more regular exercisers) 
(Figure 1) [3].

A systematic literature search was completed in August 2010 to identify randomized, controlled trials 
of exercise training studies in hemodialysis patients. A subsequent meta-analysis was conducted and the 
search repeated in December 2010 [4]. Fifteen studies, yielding 565 patients were included. Baseline, peak 
VO

2
 values were 70% of age-predicted values, exercise intervention patients improved post-training peak 

VO
2
 to 88% predicted. Exercise training produced 26% improvements in eight studies that reported peak 

VO
2
. Equivocal results for change in short-form 36 health questionnaire scores were reported post-training. 

Significant improvements in lean body mass, quadriceps muscle area, knee extension, hip abduction and 
flexion strength were also reported [4]. They did not find any deaths directly associated with exercise in 
28,400 patient-hours and no differences in withdrawal rates between exercise and control participants. 
Exercise training for 6 months or more conveyed larger improvements in peak VO

2
 than shorter programs. 

Therefore, Exercise training is safe and imparts large improvements in peak VO
2
, and heart rate variability 

in hemodialysis patients [4].

Moreover, a growing evidence base suggests that exercise training in patients with hemodialysis 
improves in VO

2
max, left ventricular function, cardiac sympathetic and parasympathetic disharmony, 

malnutrition-inflammation-atherosclerosis syndrome, anemia, sleep quality, anxiety, health-related quality 
of life, activities of daily living, shunt size, Kt/V and mortality [5,6].

Barriers to exercise participation among dialysis patients

The recently published Kidney Disease Outcomes Quality Initiative (K/DOQI) clinical practice 
guidelines on management of cardiovascular disease state that, “all dialysis patients should be counseled 
and regularly encouraged by nephrology and dialysis staff to increase their level of physical activity” 
(Table 1) [7]. 

In multivariate analysis, a greater number of reported barriers was associated with lower levels of 
physical activity. Lack of motivation was associated with less physical activity. Endorsement of too many 
medical problems and not having enough time on dialysis days were also associated with less activity in 
adjusted analysis [8].

Perhaps a larger barrier to implementation of exercise programs in the dialysis population is the lack of 
a clearly defined “best” program. The location of the exercise training is also an important factor influencing 
adherence. In HD patients, intra-dialysis programs have been found to achieve higher adherence rates 
compared to home exercise programs or supervised programs on non-dialysis days [9]. Dialysis facility 
efforts to increase patient physical activity may be beneficial. Studies of the barriers to patient participation 
in exercise and to provider assessment and recommendations are needed so that more widely generalizable 
interventions can be developed. 
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The effect of regular exercise in pre-dialysis CKD patients.

There is increasing evidence of the benefit of regular physical exercise in a number of long-term 
conditions including chronic kidney disease (CKD). However, this evidence has mostly come from studies 
in end stage patients receiving regular dialysis. It should be noted that the majority of published studies 
were small and enrolled patients were undergoing hemodialysis. Relatively few studies have included 
patients with stage 1 to 4 CKD, which limits the generalization of findings to pre-dialysis CKD patients. 

Recently, it is reported that exercise therapy for 12 weeks significantly improved the anaerobic metabolic 
threshold and high-density lipoprotein cholesterol (HDL-C) levels, and estimated glomerular filtration rate 
(eGFR) in patients with cardiovascular disease (CVD) and CKD [10,11]. Therefore, exercise therapy could 
be an effective clinical strategy to improve renal function.

The effect of exercise training in animal pre-dialysis CKD models.

Also, there are few reports about the effect of exercise on renal function in animal models of chronic 
renal failure. We have been published several papers in this field recently. 

First, we assessed the renal effects of moderate chronic treadmill exercise in a remnant kidney model 
of spontaneously hypertensive rats (SHR) with 5/6 nephrectomy and also assessed the effects of exercise 
and antihypertensive therapy on renal function [12]. The rats were divided into four groups: (i) no exercise 
(Non-EX); (ii) moderate exercise with treadmill running (20 m/min, 0 grade incline for 60 min) (EX); 
(iii) EX with an angiotensin converting enzyme (ACE) inhibitor, enalapril (2 mg/kg per day, i.p.); and 
(iv) EX with an angiotensin receptor antagonist, losartan (5 mg/kg per day, i.p.), for 4 weeks. Chronic EX 
significantly attenuated the increase in proteinuria and significantly protected against increases in the 
index of glomerular sclerosis (IGS). Both enalapril and losartan with EX significantly decreased blood 
pressure, and further decreased the IGS. In the stepwise multiple regression analysis, only antihypertensive 
drug remained in the model as a significant predictor of IGS. In contrast, exercise, antihypertensive drug 
and mean systolic blood pressure remained in the model as a significant predictors of mean proteinuria. 
These results suggest that exercise does not worsen renal function and has renal-protective effects in this 
model of rats. Moreover, the antihypertensive therapy has additional renal-protective effects in this model 
of rats.

Second, we assessed the renal and peripheral effects of moderate to intense chronic exercise as well 
as the effects of the combination of chronic exercise and enalapril (ENA) in 5/6-nephrectomized Wistar-
Kyoto rats [13]. The rats were divided into six groups according to the following treatment: 1) no exercise 
(C); 2) ENA (2 mg/kg/day, subcutaneously); 3) moderate exercise with treadmill running (20 m/min for 
60 min/day, 5 days/week) (EXm); 4) intense exercise with treadmill running (28 m/min for 60 min/day, 
5 days/week) (EXi); 5) EXm+ENA; and 6) sham operation (S). The rats were then treated for 12 weeks. 
Both chronic exercise and ENA blocked the development of hypertension, blunted increases in proteinuria, 
reduced serum creatinine and blood urea nitrogen, and improved IGS and the relative interstitial volume of 
the renal cortex (RIV). Moreover, IGS and RIV in the EXm+ENA group were the lowest among all other 
nephrectomized groups. Furthermore, EXm+ENA enhanced capillarization as well as the proportion of 
type-I fiber in the soleus muscle. These results suggest that EX and ENA have renoprotective effects. The 
findings also suggest that EXm+ENA provided greater renoprotective effects than those of ENA alone, 
and that EXm+ENA had some additional peripheral effects without any complications in this rat model. 

These results suggest that exercise training may have renal protective effects in various animal models 
of predialysis CKD. 

What is renal rehabilitation?

Moreover, we have established the Japanese Association of Renal Rehabilitation in 2011 to evaluate 
and promote renal rehabilitation (RR). We published the first book titled “Renal Rehabilitation” as RR in 
the world (Figure 2) [14]. We define RR as, “RR is coordinated, multifaceted interventions designed to 
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optimize a renal patient’s physical, psychological, and social functioning, in addition to stabilizing, slowing, 
or even reversing the progression of renal deterioration, thereby reducing morbidity and mortality. RR 
includes five major components: such as exercise training, diet & fluid management, medication & medical 
surveillance, education, psychological & vocational counseling.” [6,14]. The first step to successful RR is 
ensuring that the clinical prerequisites of anemia control, adequate dialysis, exercise, a well-functioning 
vascular access, and proper nutrition are in place. 

Adding Life to Years and Years to Life

As super-aged society has come, the number of persons with multimorbidity and multiple disabilities 
(MMD) and their needs of rehabilitation have increased rapidly more than we had expected [15]. Medical 
science basically aims to “Adding Years to Life” by increasing life expectancy. Rehabilitation generally 
aims to “Adding Life to Years” by helping patients with impairment achieve, and use, their full physical, 
mental and social potential. However, recent growing evidence suggests that rehabilitation for patients 
with visceral impairment such as cardiac, renal and pulmonary impairment can not only improve 
exercise performance and quality of life, but also increases survival (Figure 3) [16]. Therefore, modern 
comprehensive rehabilitation for patients with visceral impairment does not simply aim to “Adding Life to 
Years” but “Adding Life to Years and Years to Life“ which is a new rehabilitation concept [16]. 

In RR, we should improve not only quality of life but also biological lifespan in patients with CKD. 
RR is a feasible, effective and safe secondary prevention strategy following CKD, and offers a promising 
model for new field of rehabilitation. Future RCTs should focus more on the effects of exercise training and 
rehabilitation programs as these subjects and exercise types have not been studied as much as cardiovascular 
exercise. Moreover, urgent efforts should be made urgently to increase the implementation rate of the RR. 
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Figure 1 Association between Facility Percentage of Regular Exercisers and Patient Mortality (Ref. [3])

Table 1. K/DOQI Clinical Practice Guidelines 2005 for Cardiovascular Disease in Dialysis Patients 
(Ref. [7])

14.2 All dialysis patients should be counseled and regularly encouraged by nephrology and dialysis staff to 
increase their level of physical activity.

14.2.a Unique challenges to exercise in dialysis patients need to be identified in order to refer patients 
appropriately (e.g., to physical therapy or cardiac rehabilitation) and to enable the patients to follow 
regimens successfully. Such challenges include orthopedic/musculoskeletal limitations, cardiovascular 
concerns, and motivational issues. 

14.3 Measurement of physical functioning:
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14.3.a Evaluation of physical functioning and re-evaluation of the physical activity program should be done 
at least every 6 months. 

14.3.b Physical functioning can be measured using physical performance testing or questionnaires (e.g., 
SF-36). 

14.3.c Potential barriers to participation in physical activity should be assessed in every patient. 

14.4 Physical activity recommendations:

14.4.a Many dialysis patients are severely deconditioned and therefore may need a referral for physical 
therapy to increase strength and endurance to the point where they are able to adopt the recommended 
levels of physical activity.

14.4.a.i Patients who qualify for cardiac rehabilitation should be referred to a specialist. 

14.4.a.ii The goal for activity should be for cardiovascular exercise at a moderate intensity for 30 minutes 
most, if not all, days per week. Patients who are not currently physically active should start at very low 
levels and durations, and gradually progress to this recommended level. 

14.4.b Follow-up:

14.4.b.i Physical functioning assessment and encouragement for participation in physical activity should be 
part of the routine patient care plan. Regular review should include assessment of changes in activity 
and physical functioning. 

Figure 2 The First Book on “Renal Rehabilitation” (Edited by Kohzuki M, Ishiyaku Publishers, Inc., Tokyo) (Ref. [14])
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Figure 3 Paradigm shift in rehabilitation medicine (Ref. [16])
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Introduction 

The recent research in genetic brought the evidence that mutations in five genes have been implicated 
in the pathogenesis of human high blood pressure (1). The influence of genes is in an interaction with 
environmental and demographic factors (2, 3, 4, 5, 6,7,8). According to studies of familial aggregation of 
blood pressure in newborns and their mothers (9) and of infant twins (10), among others (11) genetic factors 
that determine within-family similarities of blood pressure may be detected early in life. The role of nature 
(genetics) as well as culture (environment) is reflected in blood pressure and was described in twin studies 
(3,10).

Kellnerová (12) first documented by cosinor analysis a circadian rhythm in neonatal blood pressure. The 
expression of the human newborn‘s circadian rhythm is more readily demonstrated, despite its relatively 
small amplitude, when blood pressure (and heart rate) can be monitored (and analysed) automatically (13). 
A genetic and/or congenital influence on the circadian pattern of blood pressure is suggested by the fact 
that differences in circadian amplitude are found between babies with a positive vs. negative family history 
of high blood pressure and/or related vascular complications (13,14).

As compared to circadians, multiseptans (components with a period of 7 days and/or multiples and 
submultiples thereof) are particularly prominent in neonates (15). The multiseptan-to-circadian prominence 
of blood pressure and heart rate of neonates followed up longitudinally in several studies in Minnesota and 
elsewhere was reported by Halberg et al. (16).

In this study we tested the hypothesis that neonatal blood pressure has an about 7-day circaseptan 
rhythm as prominent or even larger in amplitude than 24-h component, described and quantified as the 
major component in human adults (17). 

Material and Methods

Blood pressure and heart rate were monitored automatically for 14 to 45 days, mostly at 30 minutes 
intervals from a total of 86 babies.

All babies were cared for in the intensive care unit of the Teaching Hospital in Brno, Czech republic. 
Eighty six premature newborn babies were examined in the intensive care unit in continuous light of 
201.3 ± 35.6 (mean ± SD) Lux at the eye level. Feeding was every 3 hours through an oesophageal tube or 
consisted of continuous parenteral infusion 6 weeks. The oscillometric method was used for blood pressure 
monitoring every hour. Eighty six premature newborns (850 to 3250 g of body weight) were seriously ill, 
27 of them died later, 12 of them were diagnosed as having intra-cranial hemorrhage. 

The values of systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) were 
analysed using the computation of autocorrelation functions and power spectral density and Halberg 
cosinor method.
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The periodicity was revealed by means of the calculation of autocorrelation function and of power-spectral 
densities function (18,19). The autocorrelation function of random data describes the general dependence 
of the value of the data at one time on the values of another time. An autocorrelation measurement provides 
a tool for detecting deterministic structure in data which might be masked in a random process.

The delay which corresponds to the minimal value of the autocorrelation function indicates a half of the 
period of the most prominent rhythm.

The power spectral density function, also called auto-spectral density function, of random data describes 
the general frequency composition of the data in terms of the spectral density of its mean square value. We 
computed power spectral density function from the autocorrelation functions using the Hanning spectral 
window (18).

The principal application of a power spectral density function measurement of data is to establish the 
frequency composition of the data.

All cardiovascular data were also analysed using the Halberg cosinor analysis (17). Each data series was 
analysed by single cosinor testing, involving the least-squares fit of curves, with trial periods of 24, 84 and 
168 hours. In each case, the following parameters were estimated: the MESOR, a rhythm-adjusted mean; 
the double amplitude, a measure of the extent of predictable change within a cycle; and the acrophase, 
a measure of the timing of overall high values recurring in each cycle. The acrophase is expressed in 
(negative) degrees, with 360o equated to the trial period length. Results of cosinor analysis from individual 
series were further summarized by population mean cosinor. The analysis considered two different 
reference times: the time of birth and midnight between Saturday and Sunday. Whereas reference to the 
time of birth assumes that the tested component is endogenous, reference to a fixed calendar date assumes 
that it may be socially imposed. While these choices of reference time do not affect rhythm detection and 
parameter estimation on an individualized basis, they play a critical role in a population summary, which 
depends on the extent of synchronization of accrophases among the different neonates. 

In order to explore the relative roles of a degree of endogenicity and social synchronization of the 
circadian and multiseptan components, the individual estimates of the circadian, circasemiseptan and 
circaseptan parameters of the 86 neonates monitored for 14 to 45 days, used as imputations, were separately 
summarized by population-mean cosinor in relation to each of the two reference times. Individual ratios of 
circasemiseptan to circadian and circaseptan to circadian amplitudes, averaged across were computed in 
order to assess the relative prominence of multiseptans vs. the circadian component during the first extra-
uterine week of life. Before averaging, these amplitude ratios were log-transformed in order to preserve 
the symmetry of the distribution and to assure that the distribution would remain closer to a normal one. 
The nonlinear least squares fit of cosine curves with anticipated periods of 168, 84 and 24 hours was also 
applied to obtained point-and-interval estimates of the period. 

The study was approved by local ethical committee.

Results

Mean values of mean blood pressure (MAP) and heart rate (HR) obtained during the time of measurement 
at various birth weights are seen in Table 1.

Relation between the mean values of mean blood pressure (MAP) and heart rate (HR) and gestational 
age are seen in Table 2. Whereas MAP increases with body weight (r = 0.845; P = 0.072) and gestational 
age (r = 0.958; P = 0.010), HR decreases (BW: r = -0.891; P = 0.42; GA: r is – 0.820; P = 0.089). The data 
indicate a positive correlation between blood pressure values and birth weight or gestational age.

Fig. 1 shows the record of systolic and diastolic blood pressure of high risk baby. Original blood pressure 
record (systolic BP and diastolic BP) is presented in the time of the postnatal days (from the five to the 
41days). Non-linearly circaseptan periods estimated in systolic blood pressure to be 195.0 hours (95% 
confidence interval; 187.4 - 203.9 hours), in diastolic blood pressure 190.3 hours (95% confidence interval; 
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181.8 - 199.4 hours). The non-linear confidence intervals for the circaseptan amplitude of both systolic and 
diastolic blood pressure do not overlap zero, attesting to their statistical significance.

Fig. 2 shows the data of heart rate of high risk baby. The original heart rate record is presented versus 
time of the postnatal days from the day one to the 21days. Results from the non-linear analysis validate 
an increasing linear trend and the presence of circaseptan component. The period is estimated to be 165.9 
hours (95% confidence interval: 157.4 – 175.2 hours). The amplitude of 9.9 does not overlap zero (95% 
confidence interval: 6.0- 13.8 beats per minutes), attesting the statistical significance of the circaceptan 
component.

We computed the autocorrelation function and power spectral density of systolic (SBP) and diastolic 
blood pressure (DBP) and heart rate (HR) in each newborn. Fig. 3 and Fig. 4 show the examples of the 
autocorrelations functions in two different newborn babies. 

An example of power spectral density of heart rate, systolic and diastolic blood pressure in one newborn 
baby is seen in Fig.5 in newborn baby.  

From our results using the computation of the autocorrelation functions and power spectral densities of 
heart rate, systolic and diastolic blood pressure:

In an overall summary for all 86 newborn babies , this approach indicates the presence of slow 
oscillations in a frequency range of one cycle in five to ten days, which is in the circaseptan range. These 
were found for heart rate and for blood pressure in all newborn babies investigated (p< 0.05). By contrast, 
the circadian periodicity was found in 50% in the heart rate and in systolic and diastolic blood pressure 
only in 43% in in all recordied series of 86 newborn babies. 

Fig. 6 compares the prominence of the about –weekly, half weekly and daily variations in a plot and 
amplitude of heart rate, systolic and diastolic blood pressure derived from cosinor analysis. The circaseptan 
to circadian amplitude ratios of all three variables component is associated with the largest amplitude. The 
circaseptan-to-circadian amplitude ratio of all three variables are larger than one, similar results were 
found in diastolic blood pressure and heart rate earlier (16, 17).

Population-mean cosinor summaries of the circaseptan component were futher prepared in relation 
to the date and time of birth, that is by analysing data as a function of postnatal sage, or by reference to 
midnight between Saturday and Sunday preceding the start of data collection, that is by analysing data as 
a function of calendar time. 

In relation to birth, the circaseptan component was statistically significant on a group basis, showing 
high synchronization among all babies, with higher values occurring between the third and sixth day of 
age, and at intervals of about 7 days thereafter. Any social synchronization of the circaseptan component 
was not appearent, the acrophases not differing with statistical significance from a random distribution 
when 00:00 on Sunday was used as reference. These data are presented in Fig.  By contrast, a circadian 
rhythm is demonstrable with statistical significance on a population basis when midnight is used as the 
reference time, suggesting some degree of synchronization with the daily routine, perhaps perceived from 
maternal clues in the womb. 

Discussion

Prominent circaseptan variations were found by spectral analysis and by cosinor for neonatal heart 
rate, systolic and diastolic blood pressure. Some degree of endogenicity of the circaseptan component was 
suggested indirectly by the population-mean cosinor results relative to a biological- birth rather than an 
environmental- week-day reference. The endogenicity of the circaseptan component was first postulated 
on the basis of free-running; in a 15-year record, the urinary excretion of 17-ketosteroids assumed a period 
statistically significantly shorter than 7 days during the lat 3 years, following massive androgen treatment, 
whereas urine volume remained 7-day synchronized (24,25).



NONINVASIVE METHODS IN CARDIOLOGY 2014

76

This study found multiseptans to be more prominent than circadians, for the case for blood pressure and 
heart rate. These results apply to critically ill babies monitored in the Czech Republic at interval ranging 
from 30 to 240 minute for span 1 to 4 weeks (26). They are in keeping with results obtained in premature 
and thick babies (18, 27). Circaseptans have also been documented in clinically healthy babies born at 
term (16, 18, 29). Analysis of the non-linearly assessed circaseptan period by inra-classcorrelations of 
Minnesotan twins suggest a congenital if not a genetic influence in the case of heart rate, diastolic blood 
pressure and body weight (18). For these variables, the ciraseptan period was more similar between the 
twins in a pair than among twin pairs. In terestingly, circaseptans are also very prominent in unicells, as 
shown, for instance, for the electrical potencial of Acetabularia recorded in continuous light (30). This 
gigant alga was presumably present on the surface of the earth 500 million years ago (30).

Halberg et al. (32) found a counterpart for the biological week in the physical environment, namely 
in geomagnetics. In 1972, Fraser- Smith (33) reported that fluctuations in geomagnetic activity were 
characterized by a precise weekly pattern, as a weekend fenomenon. About a decade later, however, in 
analysing the planetary geomagnetic index Kp for the span from 1932 to 1990, a spectral peak was found 
to correspond to a period of about 6.74 days (32), rather than a precisely 7 days. The near week component 
was also observed in rainfall (34).

Pioneering work by Theodeor Hellbrugge described the circadian and ultradian rhythms in premature 
babies and newborns. The development of circadian rhythm was found to depend on the maturity of the 
child at the time of birth, periodicity developing later in premature than in full-term babies (35- 37). The 
results of the present investigations add an ultradian aspect to the chronome of neonatal blood pressure 
and heart rate.   

We can summarize our findings that a circadian component is in our newborn babies statistically 
significant on a population basis when the reference time is related to 00:00 on Sunday but not when it 
is related to the exact hour of birth. The circadian component of borderline statistical significance was 
found in cardiovascular parameters. By contrast, the circaseptan and circasemiseptan components of blood 
pressure are statistically significant in relation to time of birth, but not in relation to calendar date. Our 
results provides the relative prominence of the circaseptan and circasemiseptan components by reference 
to the circadian component. In each case, the multiseptans are more prominent than the circadians.

The spectra are usually presented in two forms, in absolute units as for example mmHg.mmHg or in 
relative units. When the spectra are expressed in absolute units, the magnitude of peaks is increased at 
increased variation usually expressed in the form of standard deviation. In individual subjects the standard 
deviation is correlated with the mean value. For example if the blood pressure is decreased during night 
the standard deviation of blood pressure and also spectral peaks magnitude are decreased. We prefer the 
presentation in relative units. The spectral peaks magnitudeare interrelated in this case. An increase of 
one peak is connected with a decrease of other because the sum of all spectral values is equal to one. The 
relative spectra can better express the division of variability of signals into frequency range.

The Halberg cosinor analysis and spectral analysis are two alternative approaches. The advantage of 
calculations of power spectral density functions is to demonstrate various distinct peaks of varies frequency 
not only in various subjects, but also in various variables in the same subject (20).

In this study we found the larger prominence of multiseptans as compared to circadians for the case of 
blood pressure and heart rate and these results were documented recently for critically ill babies in Czech 
republic, monitored at intervals ranging from 30 to 240 minutes for spans of 1 to 4 weeks (21).

An endogenous aspect of the biological day had been documented by the demonstration of 
desynchronisation in adults in isolation of society (20). A heritability of the circaseptan period in diastolic 
blood pressure and heart rate and body weight was found in Minnesotan newborn twins (22). Cornélissen 
et al.(23) documented the heritability of the circaseptan component by intra-class correlation coefficient, 
comparing the intra- vs. the inter – twin variability in the non-linearly assessed circaseptan period, for data 
on diastolic blood pressure, heart rate and body weight, recorded in neonatal intensive care unit. For these 
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three variables, the circaseptan period was more similar between the twins in a pair than among twin pairs. 
The evidence on newborn twins removes any doubt for the case of humans. 

The case of Acetabularia ś “week rhythm” showed that circaseptan in continuous light characterize the 
electrical potential of a unicellular giant alga that was presumably present on the surface of the earth 500 
million years ago (24,25).

Halberg et al.(26) found a counterparts for the biological week rhythm in physical environment, namely 
in geomagnetics .

In 1979, Fraser- Smith (27) reported that fluctuations in geomagnetic activity are characterized by 
a precise weekly pattern, as a weekend phenomenon. About a decade later, in analysing the planetary 
geomagnetic index Kp for the span from 1932-1990, however, found a spectral peak at a period of 6.74 days 
(26), but no at precisely 7 days. The near week component was also observed in rainfall (28).

In summary, this study shows that a circadian rhythm in blood pressure and heart rate is expressed 
durng the first week of extra-uterine life, with an acrophase peaking the early morning hours. The 
circaseptan component in our results is more prominent than the circadian variation, with an amplitude 
ratio statistically significantly larger than unity. The circaseptan component in the circulation is partly 
endogenous, as suggested by a synchronization among babies in relations to the time of birth, which carries 
7-day information rather than in relation to the calendar date, to which societal factors are related. 

Conclusion

Slow oscillations with a different period between 5 to 10 days were found either in HR or in BP in all 
newborns. An identical period in HR, SBP and DBP was found in 31%. The peak of 24-hour periodicity 
in HR was found in 50% of newborns, in SBP and DBP only in 43%. The peak of 24-hour periodicity 
was always smaller than those found with circaseptan rhythm. Mean power spectra revealed a significant 
peak (p<0.05, Student t-test) at 0.16 cycles per day in HR, SBP and DBP. The results of this study brought 
the evidence: 1. the expression of a circadian rhythm during the first week of extra-uterine life, with 
an acrophase peaking in the early morning hours; 2. the larger prominences of the circaseptan vs. the 
circadian component of blood pressure and heart rate, with amplitude ratios larger than 1.5 and 95% 
confidence intervals not overlapping; 3. the endogenicity of the circaseptan component, suggested by a 
synchronization among babies in relation to the time of birth, which carries no 7-day information, rather 
than relation to a calendar date, to which societal factors are related.

Summary

Objective: The aim of the study was to prove the hypothesis that blood pressure and heart rate in 
newborns have the circaseptan and circadian variability. 

Material and Methods: Long-lasting blood pressure and heart rate monitoring was applied using 
oscillometric sphygmomanomoter automatically every 30 minutes in 86 premature babies. All babies were 
cared for in intensive care unit in the Teaching Hospital Brno, Czech Republic. The premature newborn 
babies were monitored in continuous light of 201.3 ±35.6 (mean ±SD) Lux and fed every 3 hours through an 
oesophageal tube or by continuous parenteral infusion for 6 weeks. 86 premature babies (850 to 3250 g.b.w) 
were seriously ill, 27 of them died later, 12 of them were diagnosed as having intracranial hemorrhage. The 
values of systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) were analyzed 
using the computations of spectral analysis and Halberg cosinor analysis.

Results: On the basis of our results we acquired using the computation of the autocorrelation functions 
and power spectral densities of blood pressure and heart rate, calculated in each newborn baby, we have 
found slow significant oscillations (p<0.05) with a different period between 5 to 10 days (an about-weekly 
component, circaseptan) either in HR, SBP or DBP in all newborn babies (100 percent). Cosinor analysis 
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showed that circaseptan rhythms are more prominent in blood pressure and heart rate than the circadian 
rhythms.

Conclusion: From our results we can conclude that the circaseptan rhythm in blood pressure and 
heart rate is inborn and is probably determined by the nature. Our results were also confirmed in healthy 
newborn babies in Minnesota, USA and Spanish La Corona.  

Table 1 Neonates with various birth weights: Number of neonates (N), mean values (± S.D.) of arterial pressure (MAP) and heart 
rate (HR). 

body weight N MAP HR

g number mmHg cpm

> 1000 15 33.8 ± 6.5 146.6 ± 8.7

1001 - 1500 17 44.1 ± 6.5 148.3 ± 7.9

1501 - 2000 22 50.1 ± 8.0 137.2 ± 10.1

2001 - 3000 15 54.1 ± 6.3 139.8 ± 8.1

3001 < 17 51.0 ± 8.2 129.3 ± 19.5

Table 2 Gestation age of neonates: Number of neonates (N), mean values 
(± S.D.) of arterial pressure (MAP) and heart rate (HR).

pregnancy N MAP HR

weeks number mmHg Cpm

< 29 17 40.2 ± 8.2 153.5 ± 9.6

29 - 31 15 46.1 ± 6.4 143.2 ± 11.8

32 - 34 23 47.5 ± 7.6 144.2 ± 16.2

35 - 37 17 53.4 ± 8.2 143.4 ± 17.4

37 < 14 52.3 ± 8.3 121.5 ± 16.2
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Figure 1 Blood pressure data of a high risk baby. Original record presented as a function of time from postnatal day 5 to 41. Note 
prominence of about-weekly variation, validated by nonlinear least squares analysis. 
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Figure 2  Heart rate data of a high risk baby. Original record presented as a function of time from postnatal day 1 to 21. Note 
statistically significant circaseptan and semi-ciraseptan components superposed on increasing trend. 
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Figure 3 Autocorrelation functions of heart rate, systolic and diastolic blood pressure of a newborn risk baby.

Figure 4 Autocorrelation functions of heart rate, systolic and diastolic blood pressure of a newborn risk baby.
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Figure 5 Power spectra of heart rate, systolic and diastolic blood pressure of a newborn risk girl (birth weight 1150 g). Spectral 
peaks correspond to a component with a period 7.2 days for heart rate and 4.8 and 5.0 days for systolic and diastolic blood 

pressure. A circadian component is only observed for the heart rate. 

Figure 6 Population-mean cosinor of the circaseptan component of systolic blood pressure in relation to the date and time of 
birth (that is by analyzing data as a function of postnatal age) on the left side of the Fig.6, and population mean cosinor of the 
circaseptan component of systolic blood pressure by reference to midnight between Saturday and Sunday preceding the start of 

data collection (that is by analyzing data as a function of calendar time) on the right side of the Fig. 6.
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In relation to birth, the circaseptan component was statistically significant on a group basis. Any social 
synchronization of the circaseptan component of systolic blood pressure was not appearent.

Figure 7 Comparison of double amplitude of circadian (24 hours) and ciraseptan of the circaseptan component (168 hours) of 
systolic blood pressure in relation to the date of birth  derived by cosinor analysis. Note large prominence of crcaseptan component 

vs. cikrcadian variation. Bars represent the double amplitude (means plus/minus 95% confidence limit) of cicaseptan and 
circadian components. Amplitudes of the two components differ with statistical significance (p<0.01, Kruskal-Wallis test). 
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Abstract

Within the scope of chronobiology, the study of non-random changes as a function of time in biology, 
charts have been prepared in several publications, consisting notably of maps of circadian, circaseptan 
(about-weekly), and circannual acrophases (phases of maxima of cosine curves with known periods fitted 
to data by least squares) shown with their 95% confidence intervals. Within the scope of chronomics, 
the study of cycles in us and around us, charts catalog information about cycles with counterparts in 
space weather. As these cycles are usually wobbly, focus is placed on maps of non-photic periods, shown 
with their 95% confidence intervals and aligned with corresponding results on matching environmental 
variables. The envisioned atlas of chronomes (broad time structures) should serve as a repository of results 
in chronobiology and chronomics assembled since the mid-1940s at the Halberg Chronobiology Center, 
and as a tool to enable new and renewed interpretations of and application of those results. Some of its 
design features are presented herein.

Introduction

Earlier, we reviewed uses for an atlas of chronomes [1]. Emphasis was placed on non-photic cycles, less 
well-known in biology, their detection in physiology and pathology to be aligned with a set of environmental 
variables aiming at a better understanding of environmental influences on humans and living matter more 
generally. It was noted that, particularly when dealing with long cycles, period and acrophase charts would 
be most useful to discriminate between apparent short-term trends and periodicities that cannot be assessed 
when sampling covers only a fraction of a cycle, thus enabling to better plan a roadmap for future studies.

Of course, acrophase charts and tables of rhythm characteristics for the circadian, circaseptan and 
circannual components are also to be included in the atlas, their usefulness recognized long ago [2, 3]. 
Applications include first and foremost the optimization of treatment by timing (chronotherapy), not only 
along the scale of the day [4, 5], but also along the scale of the week [6-9].

The merit of compiling information on circadian rhythms in time (acrophase) and space (organ, tissue) 
is becoming recognized, notably since a molecular and genetic basis to the circadian system has been 
established [10]. Recently, RNA-sequencing and DNA arrays were used to profile the transcriptomes of 12 
different mouse organs, resulting into a circadian gene expression atlas [11]. By generating high-resolution 
multi-organ data, the authors showed that nearly half of all genes in the mouse genome are circadian 
periodic in one or the other organ and/or tissue. By applying pathway analysis, they observed new clock-
mediated spatiotemporal relationships of direct relevance to chronotherapy [11].

The merit of mapping a broad time structure, beyond the circadian system, has been long recognized 
in Russia, where an atlas of natural processes in 3 volumes has already been published [12-14]. The atlas 
envisioned here has dynamic characteristics, as a searchable electronic document, containing not only 
charts but also stories linking results from different lines of inquiries reported in different publications, 
thus extending the atlas into an encyclopedia. 
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Table 1. Fields to be filled in for each entry into the atlas of chronomes.

I. Aim
1. Brief description (free text field)
2. Primary endpoints
3. Category - subcategories 
4. List of related studies (either here or in last section: highlights or in both locations)

II. Materials and Methods
1. Variable name(s) (e.g., blood pressure), and for each variable:
2. Measurement technique (e.g., oscillometric)
3. Site of measurement (e.g., wrist)
4. Measurement kind (automatic, manual, rating, …)
5. Study

a. Design (longitudinal, transverse, hybrid, Latin square, …)
b. Study span (calendar dates and times; specify reference time)
c. Observation span (length of record)
d. Sampling interval (e.g., every 30 minutes or 5-6/day)
e. How many stages
f. How many groups

6. Experimental conditions: For each group:
a. Description of group (descriptor: e.g., high vs. low breast cancer risk)
b. How many “experimental units”
c. Specify what they are (humans, mice, specimens, …)
d. Ethnicity/Strain/Kind
e. Gender (if appropriate)
f. Age (if appropriate)
g. Synchronizer(s) (Light/dark, Rest/activity, Feeding schedule, …)
h. Geographic location

7. Experimental conditions: For each stage:
a. Description of stage (descriptor: e.g., low-salt diet vs. usual salt intake)
b. Duration of stage
c. Synchronizer(s) (Light/dark, Rest/activity, Feeding schedule, …)
d. Geographic location
e. Age (if appropriate)

III. Analysis (check all that apply)
1. Parametric tests (Student t test, Paired t test, One-way ANOVA, Multiple-way ANOVA, Linear re-

gression, Multiple regression)
2. Non-parametric tests (Wilcoxon signed-rank test, Mann-Whitney, Spearman’s rank correlation coef-

ficient, Sign test, …)
3. Odds ratio, Survival time analysis (Kaplan-Meier, Logrank test)
4. Plots (Actigraph, Chronogram, Plexogram, Bland-Altman plot)
5. Spectral analysis (Auto-correlation, Cross-correlation, Periodogram, Cross-spectrum, Spectral coher-

ence, Wavelets)
6. Cosinor methodology (Single-component single cosinor, Multiple-component cosinor, Least squares 

spectrum, Population-mean cosinor, Population-mean cosinor spectrum, Parameter tests, Single- or 
multiple-component Chronobiologic Serial Section, Gliding Spectrum, Nonlinear cosinor for an esti-
mation of the period length)

7. Superposed epoch analysis, Remove-and-replace
8. Cluster analysis
9. Jackknife, Bootstrap, Monte Carlo

IV. Results
Attach one or several graphs pertinent to the study described under this heading

V. Highlights
Include text with bullets (including tables and graphs) listing major conclusions from the study under 
this heading and provide a list of references where the study is described (eventually using citations to 
references inside the bullets).
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Design of Entry Forms

One important aspect of building the atlas of chronomes consists of entering information pertinent to 
each study in a standardized fashion, making sure that the information provided is as complete as it can 
be. Another desideratum is that the atlas should be searchable. In order to accommodate these features, 
a form has been designed providing guidelines for the entry of any given study into the atlas. Table 1 lists 
the categories that would be filled within each entry into the atlas, which should have a designated overall 
title that states the aim of the study being described (categorized). Although Table 1 suggests the format 
to follow a certain sequence, its electronic counterpart does not have such a strict structure. To facilitate 
searches within the atlas, much of the information is entered via drop-boxes with multiple-choice entries 
to choose from. Other information, notably related to the main results and conclusions from a study, can be 
entered as free text. 

Illustrative example

To illustrate how results from a given study are entered into the atlas, we turned to a publication by 
Siegelova et al. presented at the 2013 meeting on Noninvasive Methods in Cardiology in Brno, Czech 
Republic [15]. Together with the title, a document identifier (ID) is added for easy referencing. The aims, 
endpoints, and fields of interest are clearly indicated to situate the scope of the study, Figure 1. As the atlas 
becomes populated with additional studies (entries), those that are related to this study can be listed under 
“related Studies” with their citation. Once a study has been related to another entry in the atlas, all links 
can be automatically updated, so that the user does not need to go back to studies already entered into the 
atlas to add a link to the new entry.

Figure 1 With the title and study ID, aims are succinctly stated. Fields of study are chosen to facilitate the later search of 
information within the atlas. © Halberg Chronobiology Center.
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Under Materials and Methods, the number of stages and groups is listed, together with general 
information regarding when the study was conducted and which variables were measured, Figures 2-4. For 
each variable, sampling rate and observation span are listed, as is the site of measurement and measurement 
technique, as well as an indication whether the data were obtained manually or automatically, Figures 
3-4. When multiple variables have been measured, there is the possibility to design the form to fill in the 
information entered for the first variable to be replicated for the other variables, so that only information 
differing from that already provided would need to be entered. It is indeed often the case that sampling 
remains the same for all variables examined in a given study.

In this study, there were two groups, each group undergoing the same protocol (single stage). Entry of 
information for each of the two groups is illustrated in Figures 5 and 6. As there was only one stage in 
the study, no additional information needs to be entered on the form, Figure 7, and one can immediately 
proceed to select which methods of analysis were applied to derive the results, Figure 7.

Figure 2 Basic information regarding the study design. © Halberg Chronobiology Center.

Figure 3 Sampling information of 2 of the 4 variables 
examined in this study. © Halberg Chronobiology Center.

Figure 4 Sampling information of the other 2 variables 
examined in this study. © Halberg Chronobiology Center.
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Figure 5 Description of Group 1. 
© Halberg Chronobiology Center.

Figure 6 Description of Group 2. 
© Halberg Chronobiology Center.

As seen in Figures 8 and 9, results and conclusions are presented in a concise way in an attempt to enable 
users to more easily search through what may eventually become a relatively large number of entries.

Figure 7 No additional information needs to be entered under Stage as there is only one stage in this study, and one can proceed to 
select methods used for data analysis. © Halberg Chronobiology Center.
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Figure 8 Succinct presentation of major results. 
© Halberg Chronobiology Center.

Figure 9 Succinct presentation of major conclusions. 
© Halberg Chronobiology Center.

Status quo

As seen above, we are well into the work of defining specifically what the atlas will contain and 
how it will be constructed. We are also starting to record information about research at the Halberg 
Chronobiology Center from the past few decades as the first type of information to be displayed in the 
atlas, Franz Halberg’s legacy.

As outlined earlier [1], we expected to follow four product development steps. We find ourselves 
bouncing back and forth between the definition/specification steps and early product construction steps. 
This commonly happens when the requirements are not clear to the implementation group at the outset, and 
has been more-or-less formalized into what are now called “agile” product development methodologies. 
While we do not employ a specific agile method, we know we are benefiting from the iterative approach 
of building small parts of the atlas, some of us meeting weekly to share what we learned by doing so, 
and improving our detailed understandings of what we want the atlas to be after seeing each small bit of 
implementation before building or re-building the building blocks of our “product”.

We expect to construct the atlas from (at least) three types of records: records of previously published 
studies [16], records of “chronome maps” such as previously published acrophase and period charts [17], 
and yet-to-be-written “stories” that tie records of related research and/or chronome maps together in a 
cohesive narrative explaining the usefulness of the collection of research results to healthcare or a field of 
science. A combined physical and conceptual XML schema has been written for the records of previously 
published studies. The project has not been complex enough to require the data storage details (physical 
schema) to be separated from the conceptual schema (the union of all the project members’ visions of how 
the atlas will present the data to its readers).

Though we often think in terms of a traditional database as we work, we recognize that we are ultimately 
authoring a complex document, not a database, and that structured document authoring tools typically 
store data in an XML or other SGML-derived format. We have started recording studies using Microsoft 
InfoPath and storing the resulting XML data in simple disk files containing one study record each, as our 
group already had the expertise required for that. We have not completed tool selection, and specifically 
have not selected the authoring tools we shall need later. The relatively easy-to-use XML format gives us 
many practical data-conversion paths as we move forward. Microsoft has announced that InfoPath will not 
be a stand-alone product in the future, and that the functionality of InfoPath will be incorporated into their 
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other products in some way that is not yet described publicly. Hence, converting away from the InfoPath 
XML schema and data files into some other format might be a future task for us.

The small size of our XML database (expected to be a few thousand records) and the high level of 
expertise of the few data entry people we have means that we do not have to make extensive use of an 
XML DTD or other input validation mechanisms. All fields in the data entry forms are currently optional 
(not required to have values) to support saving partially-completed records, and some fields are restricted 
to lists of valid values to ensure consistency of spelling and granularity in the final product. The number 
of records entered at this time is on the order of a half-dozen, but those first few records were selected to 
give us experience in the usability of the data entry form, designing the schema, and constructing the valid-
value lists (which are presented in the data entry form as drop-down lists). The lack of input validation 
will save us some programming effort (and software bugs) early in the project, and will likely be balanced 
by human reviews of the data later in the project. The usability of the data entry form is improved as we 
progress based on the mistakes made during data entry, and includes shading fields that are not yet filled 
in, organizing drop-down lists either alphabetically, hierarchically, or topically, special values to mark 
entries that someone must return to and update later in the data entry phase, programmatically making 
links to other records, and defining the intention of fields with text that appears when the computer mouse 
cursor hovers over the field.

An illustrative example of the discussions we have that lead to an important schema decision revolved 
around the sections of the study that record the number of groups and stages in experiments. We had to decide 
between recording data for each combination of group and stage (resulting in Ngroups x Nstages subrecords 
to be entered), or more simply for each group separately and each stage separately (resulting in Ngroups + 
Nstages records to be entered). We explicitly analyzed the expected use of the group and stage information, 
and determined that the simpler mechanism of treating group and stage separately was sufficient. A subrecord 
for information about variables in the experiment is similarly independent of the rest of the overall record. 
These analyses have taken place for almost every part of the schema and data entry form.

We discussed the merit of trying to record judgments about the value of the research in these records, 
variously labelling fields as “strength”, or “usefulness”, “trustworthiness”, or something similar. In the 
end, we decided that in every case a positive value judgment in one situation would simultaneously be 
a negative value judgment in some other situation, and made a strong commitment to not make such 
judgments in these records. Such judgments might well be made in the stories written later for another 
section of the atlas.

The collection of research papers (studies) that form the basis for the atlas has a formal document 
identifier convention, which acts as a shorthand for formal full references, as would be done in any 
conventional document management system. These document identifiers are used in constructing links 
between records that will ultimately appear in various places in the atlas (therefore are sometimes visible 
to readers of the atlas). Document identifiers for papers published by Franz Halberg follow their numbering 
in his bibliography [16] followed by the initials of the first author and the year of publication. In the 
illustrative example above [15], the identifier is 3600JS2013 as it is the 3600th paper in the bibliography, 
published by Jarmila Siegelova et al. in 2013.

Quo vadis?

A recurring discussion about who the target audience for the atlas is will soon drive us to record our 
use cases more formally. While we already have informal use cases recorded, we have not analyzed them 
for completeness, nor recorded the “Actors” (users of some part of the atlas) and other pieces normally 
recorded in a formal description of use cases. The list of Actors that appear in all the use cases is a formal 
definition of the target audience. The review of the use cases should resolve any differences between the 
project members’ informal vision of the target audience and the formal list of Actors. Any “person” that 
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appears in the informal definition of target audience but is not in the Actors list means that either a use case 
(with its Actor) has not been described, or that the person is not really part of the desired target audience.

will know that we have finished is in the final review of any product being developed, including an atlas 
such as ours: the final test of the product before it is released to its users is to run through the entire list of 
use cases and demonstrate that the product performs as needed for each of its potential users. Any use case 
that cannot be performed by real people on the real atlas that we ultimately produce would be an indication 
of a problem or missing feature. When all use cases can be tested successfully, we will know that we have 
finished the job we started out to do.

Some off-the-shelf software tools and small programs of our own will be needed soon. We expect to 
find or write a program to convert the XML data to prototype displayable HTML pages so we can analyze 
usability and usefulness (now fashionably called “user experience” or “UX” amongst experts who do this 
kind of work for a living) of the final atlas. While we are not looking for people to help us with designing 
new ways to present the information in the atlas (we think that the style of charts and tables we have to 
work with in the collection of studies that underlies the atlas is sufficient), we might consult with usability 
experts on the display of the charts and tables that we already have.

Another tool we expect to prepare at some time will build chronome “maps” such as acrophase and 
period charts for the atlas. This is another driver for that currently-incomplete use case work – we will 
need to know whether this chart-making tool would be used only by data-entry people, or by end-users of 
the web version of the atlas. Writing a web-based tool can be considerably different than writing a tool for 
a few local data-entry personnel.

If such a chronome-map making tool were to be used on the web version of the atlas, it would be in the 
third of three forms of searches that we might implement. The first and second types of searches are those 
typical of many websites, a “simple” search based on text and pattern matching, and an “advanced” search 
where the end user specifies values to be found in specific fields of the records in the atlas. The third form 
of search we envision would be an advanced search also, but tuned specifically to find records useful in 
creating a chronome map. If we make this third form of search available to end users of the web version 
of the atlas, the search web page could invoke the chronome map making tool dynamically and generate 
a chronome map from the specific search results just obtained, rather than displaying a chronome map 
previously created and entered into the atlas by data-entry people.

The interesting problem of finding study records that, taken together, support a story to be written 
might drive the implementation of another software tool. These records would presumably be related to 
each other in some way, a way that is possibly not well-defined, neither in the original studies nor in the 
study records. No author of atlas stories has all the relevant research papers memorized. The author could 
potentially make use of a machine learning or data mining / knowledge discovery technique such as a 
classification or clustering algorithm on the data and metadata that we will have entered to help find those 
papers. A request to go beyond the capabilities of “advanced search” with this kind of tool has been made 
and duly noted, but has not progressed to the discussion stage yet. And the idea that such a tool could 
theoretically be made available to users of the web atlas in addition to story authors is so far into the future 
that it has not entered our collective consciousness.

Concluding Remarks

Whereas determining use cases remains a task ahead, one can already point to the usefulness of an 
atlas of chronomes in several aspects. First and foremost, it will assemble over 60 years of research in 



NONINVASIVE METHODS IN CARDIOLOGY 2014

95

chronobiology and chronomics by the founder of these disciplines into a single searchable resource of 
interest to the broad scientific community. By extracting the essence of each study or publication and 
providing a concise objective interpretation of the results obtained, the legacy of Franz Halberg will become 
widely available without any copyright infringement as would be the case by posting all original papers 
online. By linking studies on a given topic, from which stories can be written, it will be possible to reach 
a broad-scale integration of results from the Halberg Chronobiology Center not feasible thus far. Both these 
features will also greatly facilitate the search for information on a given topic, while also pointing the user 
to the original source, as the reference to the publication being summarized is part of the entry form. 

The stories, together with the separate study entries, are anticipated to be most useful to point to 
important methodological aspects, such as the role of competing synchronizers in determining circadian 
and other rhythm characteristics, and the availability of methods to deal with non-stationary time series as 
well as factual information on characteristics of non-photic cycles mapped at different times in different 
geographic locations [1].

One dividend from our endeavors will be to objectively document the birth of chronobiology and 
chronomics. Comparing study designs, results and interpretations from early works in the 1950s and 1960s 
with the latest works of Franz Halberg in the 2010s, the historian of sciences may note how chronobiology 
was founded on his documentation on an inferential statistical basis of free-running and the implication of 
a partly endogenous nature of circadian rhythms. Indeed, Franz showed that circadian rhythms are partly 
endogenous and can be manipulated by environmental synchronizers, notably the lighting and feeding 
schedules [18, 19]. Chronomics, in turn, recognizes the important influence of the non-photic as well as 
the photic environment on physiology, psychology and pathology [20]. The ubiquity of non-photic cycles 
and their persistence in biology when they are no longer detected in the environment even led Franz to 
postulate a partly endogenous nature of most, if not all, cycles shared between biota and its environment. 
For him (and some of us), rhythms are life itself [21]. 
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Introduction 

Franz Halberg in his chronobiologic studies from Halberg University Center in Minnesota described 
the circadian rhythm and analyzed the risk of high blood pressure in appearence of cardiovascular diseases 
(1-8). In a 6 years prospective study of Kunaiki Otsuka on 297 patients, ambulatory monitored for 48 
hours, circadian hyperamplitude tension (CHAT) was found to represent the largest increase in the risk of 
cerebral ischemic events, greater than increase in mean blood pressure, so called MESOR – hypertension, 
old age, a positive family history of high blood pressure, smoking, alcohol consumption (5). A reduced 
standard deviation (SD) from 24-hour measurement of heart rate was also associated with an increase of 
vascular morbidity, coronary artery disease and cerebral ischemic events (8).

Because the diagnosis of hypertension (9-18) is generally based on casual measurement of blood pressure 
in general practitioner office and these values of blood pressure are higher than values of ambulatory blood 
pressure monitoring, the table of blood pressure thresholds for definition of hypertension with different 
types of measurement is included in the Guidelines for Management of Hypertension (2007). 

According to this table the threshold for systolic blood pressure is 140 mmHg in the office or clinic, 
125 – 130 mmHg during 24 hours, 130 -135 mmHg during day and 120 mmHg during night. 

J Hypertension 2007

The corresponding values for diastolic blood pressure are 90 mmHg in the office and clinic, 80 mmHg 
during 24 hours, 85 mmHg during day and 75 mmHg during night. 

The values for home measurement are the same as for ambulatory monitoring during day. 

The condition for reliability of diagnosis is low day-to-day variation of night-time and day-time pressure 
values. 
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The purpose of the study

The aim of the study was to compare 24-hour profile from the 7-day blood pressure monitoring at rest 
and during exercise. We compared the blood pressure 24 h profile in the day with exercise (0-24 h) and in 
the day without exercise (25-48 h after exercise). 

Subjects 

We examined 21 man, healthy subjects, mean age 29±4.9 years (from 23 to 39).

For exercise training we used bicycle ergometer Kettler, type X7, Germany, 2x during week, constant 
load 120 W, lasting 60 min. Every exercise unit was compose from warm-up period 3 min., load 54 min. 
and cool-down period 3 min. 

Methods

Healthy subject

The subjects were recruited for seven-day blood pressure monitoring. Medical Instruments (A&D, 
Japan) were used for ambulatory blood pressure monitoring (oscillation method, Fig. 1). One-hour means 
of systolic and diastolic blood pressure and 24 hour mean in every day were evaluated. We calculated mean 
systolic and diastolic blood pressure for seven days from every seven day blood pressure monitoring too.

Figure 1 Seven-day blood pressure profile in one healthy subject

The regime of measurement of blood pressure was done for 7 days repeatedly every 30 minutes from 5 
to 22 h during the day time and once in an hour from 22 to 5 h at night (Siegelová et al. 2006).

The average SBP and DBP and their standard deviations (SD) in the given days (24-h means) were 
determined by the calculation of arithmetic mean of these values. 

To made comparison among the 24-h profile of blood pressure we used Bland-Altman statistical method 
(19).

The study was approved by local ethic committee and the patients signed the informed consent. 
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Results

The healthy subjects (men) were ordered according mean 7-day SBP (subject No 1: 107 mmHg, subject 
No 21: 121 mmHg; median value: 121 mmHg).

The variability of 24-hours means of SBP values during 7-day monitoring is seen in Fig. 2 in resting 
days without exercise. In Figure 3 we can see the variability of 24-hour means of systolic blood pressure 
and 7-day mean systolic blood pressure during exercise in every 21 healthy subjects, ordered according to 
the SBP values. 

 

Figure 2  The variability of 24-hour mean systolic blood pressure (black points), and 7-day mean systolic blood pressure (red line) 
at rest in 21 healthy subjects ordered according to the SBP values.

Figure 3 The variability of 24-hour means of systolic blood pressure (points in color) and 7-day mean systolic blood pressure 
(red line) in the days with exercise in 21 healthy subjects.



NONINVASIVE METHODS IN CARDIOLOGY 2014

102

The variability of 24/hour means of diastolic blood pressure values during 7-day monitoring is seen in 
Fig. 4 at rest and in Fig. 5 in the days with exercise. 

Mean 7-day values of DBP (subject No 1: 61 mmHg, subject No 21: 85 mmHg; median value: 70 
mmHg).

Figure 4  The variability of 24-hour mean diastolic blood pressure (black points), and 7-day mean diastolic blood pressure 
(red line) at rest in 21 healthy subjects

Figure 5  The variability of 24-hour mean diastolic blood pressure (points in color), and 7-day mean diastolic blood pressure 
(red line) during exercise in 21 healthy subjects.
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Figure 6  The 24-hour mean systolic blood pressure in the day with exercise (0-24 h) and in the day without exercise (25-48 h) 
and the 24-hour mean diastolic blood pressure in the day with exercise (0-24 h) and in the day without exercise (25-48 h) 

in 21 healthy subject.

Fig. 6 shows the 24-hour mean systolic blood pressure in the day with exercise (0-24 h) and in the day 
without exercise (25-48 h) and the 24-hour mean diastolic blood pressure in the day with exercise (0-24 h) 
and in the day without exercise (25-48 h) in 21 healthy subject. In mean values of systolic blood pressure 
and diastolic blood pressure are not differences in the days (0-24 h) with exercise and in the days (25-48 h) 
without exercise. 

For comparison of 24-hour means and 7-day mean in SBP and DBP we constructed the Bland-Altman 
plots of systolic and diastolic blood pressure in the day with exercise and without exercise in 21 subjects; 
each subjects was exercising in two days during the week of seven day ambulatory blood pressure 
monitoring (19). 
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Figure 7 Bland-Altman plot. Comparisons between 7-days mean and 24-hour means systolic blood pressure in the days with 
exercise. The ±1.96 standard deviations of the difference in 24-hour means of SBP (0-24 h) was 6.85 mmHg and is indicated in the 

figure (dashed line).

Figure 8 Bland-Altman plot. Comparisons between 7-days mean and 24-hour means diastolic blood pressure in the days with 
exercise. The ±1.96 standard deviations of the difference in DBP (0-24 h) was 4.95 mmHg and is indicated in the figure  

(dashed line).
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Figure 9 Bland-Altman plot. Comparisons between 7-days mean and 24-hour means systolic blood pressure in the days without 
exercise (25-48h). The ±1.96 standard deviations of the difference in SBP (25-48 h) was 8.59 mmHg and is indicated in the figure 

(dashed line).

Figure 10  Bland-Altman plot. Comparisons between 7-days mean and 24-hour means diastolic blood pressure in the days without 
exercise (25-48 h). The ±1.96 standard deviations of the difference in DBP (25-48 h) was 6.06 mmHg and is indicated in the figure 

(dashed line).
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Discussion

Seven-day ambulatory blood pressure monitoring demonstrates large day-to-day variability of blood 
pressure at rest. Our studies indicate with ambulatory blood pressure monitoring, that longer monitoring, 
preferably for 7 days, is recommended (20-26). 

In our presentation we show a large variability of 24-hour profile at rest in 5 days and in 2 days with 
exercise in healthy subjects and in patients. 

The variability in healthy subjects (day-to-day in 24-hour profile) was presented at rest and during 
exercise in 21 healthy subjects. During exercise, even that these data were measured only 2 days, we 
observed similar variability as it was described in the days without exercise. 

It is clear that 24-hour monitoring is better than a single or a few measurements, but for avoiding 
misdiagnosis is not sufficient. Our results show that 7-day blood pressure monitoring is best way for blood 
pressure real values and it is in agreement with the results of BIOCOS project, under the guidance of late 
professor Halberg and professor Cornélissen (27-28).

Self-measurement of blood pressure at home can also provide very important blood pressure values 
that, when averaged over a period of a few days, are more reproducible and predict the presence and 
progression of organ damage as well as the risk of cardiovascular events better than office values. Home 
blood pressure measurement for suitable periods can be recommended before and during treatment also 
because this relatively cheap procedure may improve patient adherence to treatment.

Conclusion

From the results we can conclude that 24-hours blood pressure profile at rest and during exercise from 
day-to-day vary in healthy subjects and we have not found any differences in the day with exercise and in 
the day without exercise. 
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Introduction

The clinical everyday management of blood pressure (BP) and heart rate (HR) can be greatly improved 
by the mapping of time structures in home ambulatory BP and HR assessment Thereby, we change 
focus from the BP and the HR to the dynamics of these variables. This change is achieved by computer-
implemented chronomics, the mapping of chronomes, consisting of cyclicities (our concern herein) along 
with chaos and trends, in the service of cardiologists, general health care providers and the educated 
public. We here further illustrate the yield of chronomics in research on long BP and HR series covering 
years, some several decades long, and on archives of human sudden cardiac death and coronary heart 
disease (1-8).

Variabilities, a formidable foe and confounder (9-15) when ignored, can be computer-resolved into 
chronomes - clinically informative time structures (16-21). As yet, any variability is currently largely 
ignored in countries with resources. There, research on high BP is largely dominated by the pharmaceutical 
industry and the National Institutes of Health, providing funds for clinical trials and guidelines derived 
from these trials are used for the public at large (22-25). At entry into a trial, the BP of very many adults 
is usually measured without any recording of timing, without any specific consideration of age group or 
ethnicity, and often ignoring gender even at the most renowned clinics (22-25). Measurements may be 
made only on a few occasions, if not only once. 

A chronobiologic approach to variability by sphygmochrons is already implemented in locations with 
limited resources, such as Armenia, China and India, with measurements beyond 24 hours, the target 
being 7-day records.

In cooperation with Halberg Chronobiology Center of University of Minnesota USA, between the years 
1988 and 2014, the Brno chronobiology team consisting of Prof. Fiser, Dr. Dusek and Prof. Siegelova 
collected 75 029 sets of seven day ambulatory blood pressure monitoring and data from blood pressure 
and heart rate measurements were in the following day send and analyzed by Prof. G. Cornélissen from 
University of Minnesota, USA. 

Aim

From these data the aim of the present publication analyses two samples: one sample of measurement 
on healthy subjects and another on patients with essential hypertension and healthy subjects.

Subjects and methods

In 145 healthy subjects blood pressure and heart rate profiles at 30-min intervals from seven day 
ambulatory blood pressure monitoring were analyzed. The oscillometric method was used for blood 
pressure monitoring every hour. From 7-day ambulatory blood pressure monitoring in adults we will assess 
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the chronome of 7-day/24-hour blood pressure (BP) and heart rate (HR) using Halberg cosinor analyses 
(Fig. 1). The values of systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) 
were analyzed using the computation of autocorrelation functions and power spectral density.

Figure 1 Halberg cosinor analyses (1)
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Figure 2 Sphygmochron, the computer-generated form set to summarize results from the combined parametric and nonparametric 
assessment of the blood pressure and heart rate profile. Results from both approaches are compared with reference values 

specified by gender and age, given in boxes next to the subject estimates for the rhythm characteristics.
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Results 

Measurement on healthy subjects

Figure 3 Power spectra of heart rate (yellow), systolic (blue) and diastolic (red) blood pressure of 145 healthy subjects. Spectral 
peaks correspond to a component in cycles per week.

Figure 3 shows Power spectra of heart rate (yellow), systolic (blue) and diastolic (red) blood pressure 
of 145 healthy subjects. Analyzed special frequencies are circaseptan - 1 (168 h), half week - 2 (84 h), 
circadian - 7 (24 h), and twelve-hour 14 (12 h). Table 1 shows the corresponding frequencies of the 
circaseptan, circasemiseptan, circadian, and circasemidian components, respectively. The amplitudes of 
the circaseptan, circasemiseptan, circadian, and circasemidian components are in Table 1.

Table 1

Freq Component SBP-A DBP-A HR-A

1 CS 1.609 1.285 0.227

2 CSS 1.498 1.119 0.555

7 CD 9.549 7.258 7.253

14 CSD 2.895 2.775 1.211

In 145 healthy subjects circaseptan component is statistically significant for systolic and diastolic blood 
pressure but not for heart rate. The half-week is significant for all 3 cardiovascular variables, as is the 
circadian rhythm. The acrophases are around mid-week and mid-afternoon for the week and day, respectively. 

Patients with essential hypertension and healthy subjects

We assess the chronome of 7-day/24-hour blood pressure (BP) and heart rate (HR), blood pressure and 
heart rate profiles at 30-min intervals from 201 subjects and patients were analyzed by sphygmochron. In 
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our results blood pressure overswinging (circadian hyper-amplitude-tension, CHAT), was found. Circadian 
hyper-amplitude-tension, a vascular disease risk factor, was detected in 8.5% (SBP) and 7.0% (DBP) in the 
population in the Czech Republic (Fig. 4, 5).

Figure 4 Circadian hyper-amplitude-tension in systolic blood pressure in 201 subjects

Figure 5 Circadian hyper-amplitude-tension in diastolic blood pressure in 201 subjects

Circadian hyper-amplitude-tension (CHAT) was associated with evening exercise in one subject. 
An other risk factor, increased sympathetic activity, detected as decreased heart rate variability (HRV) 
occurred in 2.2% of the 201 subjects (Fig. 6).
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Figure 6 Decreased heart rate variability of the 201 subjects
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Table 2 Circadian, circaseptan and circasemidian rhythms in systolic blood pressure
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Table 3 Circadian, circaseptan and circasemidian rhythms in diastolic blood pressure
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Table 4 Circadian, circaseptan and circasemidian rhythms in heart rate variability 

In data from the first 179 profiles of seven day ambulatory blood pressure monitoring, composed from 
49 women and 130 men, aged 20-77 years, women had a lower systolic blood pressure MESOR (P=0.026) 
and a higher heart rate MESOR (P=0.005) than men. Figure 7 and 8 systolic blood pressure MESOR
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Figure 7 Systolic blood pressure MESOR in the set of 179 profiles in the Czech Republic

Figure 8 Heart rate MESOR in the set of 179 profiles in the Czech Republic
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Systolic blood pressure MESOR in the set of 179 profiles in the Czech Republic

increased linearly with age (r=0.341, P<0.001). It is documented in Fig. 9. 

Figure 9 Relationship between age and systolic blood pressure MESOR in 179 profiles of BP

Figure 10 Relationship between age and systolic blood pressure MESOR in 179 profiles of blood pressure, divided between men 
and women

Relationship between age and systolic blood pressure MESOR in 179 profiles of BP, divided between 
men and women is shown in Fig. 10.

The MESORs of diastolic blood pressure and heart rate and the circadian amplitudes of blood pressure 
followed a quadratic model, reaching maximal values around 40-60 years of age.
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Figure 11 Systolic blood pressure double amplitude (2A) in 179 profiles of blood pressure, divided between men and women

Figure 12 Diastolic blood pressure double amplitude (2A) in 179 profiles of blood pressure, divided between men and women
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The circaseptan (P=0.092) and circasemidian (P=0.007) amplitudes of SBP were higher in patients 
than in healthy subjects in the blood pressure profiles in the Czech Republic. Figure 13 and 14 document 
the circaseptan and circasemidian amplitude of systolic blood pressure.

Figure 13 The circaseptan double amplitude of systolic blood pressure were higher in patients than in healthy subjects in the blood 
pressure profiles in the Czech Republic

Figure 14 The circasemidian double amplitude of systolic blood pressure were higher in patients than in healthy subjects in the 
blood pressure profiles in the Czech Republic
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The 7-day and 3.5-day amplitudes of BP and HR were correlated (P<0.001), as were the 3.5-day and 
circadian amplitudes of SBP (P=0.004) and HR (P=0.013). The 7-day and circadian amplitudes of SBP 
(P=0.067) and DBP (P=0.046) were weakly associated.

Gender differences and changes with age are in keeping with earlier independent investigations.

Conclusion 

The larger 7-day and 0.5-day amplitudes in patients may reflect the increase in extra-circadian variation 
in older subjects who are more likely to have MESOR-hypertension.

The study provides on 50 clinically healthy adults the first multiseptan-to-circadian reference values 
for Caucasians in Europe.

The increase in multiseptan-to-circadian amplitude ratio of BP after 40 years of age in all subjects 
(healthy or treated for high BP) is similar to that seen transversely in health and longitudinally in a clinically 
healthy subject who monitored himself for 38 years.

Health care changes from a spot check evidence-based approach relying on large clinical trials to one 
of chronomically analyzed individualized time series. 

Results from 145 patients showed circaseptan component, statistically significant for blood pressure but 
not for heart rate. The half-week is significant for all 3 variables, as is the circadian rhythm.
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Abstract

Reducing salt intake has emerged as a leading target to reduce the burden of cardiovascular disease 
worldwide. Prospective cohort studies evaluating the association between sodium intake and adverse 
cardiovascular outcomes have been inconsistent, however. The evidence for an across-the-board low-salt 
diet recommendation is reviewed herein from a chronobiologic perspective, with focus on effects of sodium 
intake on blood pressure.

Introduction
Sodium restriction is recommended based on the assumption that heart attacks and strokes would be 

prevented from a lowering effect on blood pressure (BP) [1]. The effect of sodium intake on population health 
remains controversial, however. On the one hand, a recent review concluded that most people are likely to 
benefit from reducing sodium intake [2]. A sodium-restricted DASH diet was reportedly associated with 
favorable changes in ventricular diastolic function, arterial elastance, and ventricular-arterial coupling [3]. 
Another study investigated the effect of chronic sodium loading from a low-sodium diet to a Western diet 
[4]. The authors concluded that dietary salt loading increased pulse wave velocity and BP in hypertensive 
volunteers, and that salt loading may have an effect on vascular wall function independently of an effect on 
BP, thus supporting the importance of dietary sodium restriction in the management of hypertension [4]. 
Based on costs related to health outcomes measured in disability-adjusted life years averted over a lifetime 
in Australia, it was concluded that programs to encourage the food industry to reduce salt in processed 
foods are highly recommended for improving population health [5].

On the other hand, while meta-analyses of randomized controlled trials of salt reduction report 
a reduction in BP, an effect on adverse cardiovascular events could not be clearly demonstrated [6]. 
Evidence based on 665 deaths among 6,250 participants still had insufficient power to find an effect of 
dietary salt intake on cardiovascular morbidity or mortality [6]. Estimates of benefits from dietary salt 
restriction were consistent with the anticipated small effects on clinical events attributable to the small 
reduction in BP achieved [6]. A number of recent studies have reported an association between low sodium 
intake and an increased risk of cardiovascular death [7]. A J-shaped association between sodium intake 
and cardiovascular disease death and heart failure has been reported [8, 9]. The comment has also been 
made that while dietary sodium restriction may be of value in hypertensive patients, available evidence 
does not support the current recommendations of a generalized and indiscriminate reduction of salt intake 
at the population level [10]. Moreover, reductions in sodium associated with a lowering of BP have been 
noted to increase plasma renin activity and aldosterone secretion, insulin resistance, sympathetic nerve 
activity, serum cholesterol, and triglyceride concentrations [11]. Health consequences of reducing sodium 
thus cannot be predicted by its impact on any single physiologic variable. One has to take into consideration 
the net of conflicting effects [11].
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Against this background, we review evidence for an effect of salt intake on BP from a chronobiologic 
viewpoint. Results are interpreted in the light of recently published results on the association between 
dietary sodium intake and actual outcomes. 

Effect of Salt Intake on the Circadian Rhythm of Blood Pressure 

The epidemiology of salt-induced hypertension has been explored in animal studies, revealing an acute 
(rapid) BP response occurring over days to weeks, and a slow and progressive BP response that develops 
over a long time [12]. Assessing changes in the circadian rhythm characteristics of BP in relation to salt 
loading reveals an additional effect on the circadian amplitude of BP, often overlooked even in studies 
relying on telemetry to monitor BP and other physiological variables around-the-clock longitudinally. In 
the DOCA-salt model of hypertension [13], an increase in the circadian amplitude of BP was observed 
before the BP MESOR increased in intact or unilaterally nephrectomized male Sprague-Dawley rats 
(unpublished). 

A similar finding has been reported in humans, as illustrated in Figure 1 [14, 15]. The study included 13 
volunteers with untreated borderline hypertension and a body weight at least 10% over the desired weight. 
The study comprised 3 stages (a: reference, b: salt intake reduced by at least 30 mEq/day without reducing 
calorie intake, and c: weight loss of at least 2 kg while remaining on low salt diet), each lasting 2 months. A 
24-hour ABPM profile was obtained at the end of each stage. As seen in Figure 1 for a 60-year old subject 
who participated in the study, a low-salt diet was associated with a small decrease in the MESOR and an 
increase in the circadian amplitude of systolic BP, while weight loss brought about a further larger decrease 
in the MESOR and a substantial decrease in the circadian amplitude of systolic BP [14, 15].

 

Figure 1 Increased circadian amplitude of systolic BP associated with reduced sodium intake. © Halberg Chronobiology Center.

Individual Differences in the Response to Dietary Salt

Not everybody responds to sodium restriction with a lowered BP. Some people even increase their BP in 
association with sodium restriction, as evidenced from three independent studies. One study included 50 (45 
with idiopathic hypertension and 5 normotensive) subjects 35 to 65 years of age [16]. After discontinuing 
anti-hypertensive medication for at least 1 week, they adhered to a constant metabolic diet containing 9 
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mEq of sodium per day and 50-70 mEq of potassium per day for 7 days, followed by 7 days on a high sodium 
diet (249 mEq per day). On the last day of the low-salt and high-salt diet, their BP was monitored around-
the-clock by ABPM, and the data were analyzed by cosinor [17-20]. Parameter tests [21] were applied to 
compare the individual response to sodium loading by each subject. The authors of the study [16] reported 
that 25% of the subjects were found to be salt-sensitive with a statistically significant increase in their BP 
MESORs with sodium loading. A subpopulation of non-salt-sensitive subjects reportedly responded to 
sodium loading with a statistically significant decrease in their BP MESOR [16].

Three kinds of BP response to changes in sodium intake were also observed in two other studies [22, 
23]. Not all of the subjects participating in these studies had an elevated BP. Some of them were found to 
be MESOR-normotensive by ABPM. In both studies, tests of the equality of BP MESORs found that in 
response to low-sodium intake, some (salt-sensitive) subjects decreased their BP MESOR, and other (non-
salt-sensitive) subjects showed no statistically significant change in their BP MESOR. In addition to these 
two kinds of responses, there were other subjects who increased their BP MESOR in association with 
sodium restriction (indirect response), Figures 2 and 3 [24, 25]. An indirect response was also found in 
association with sodium loading, Figure 4 [24, 25]. The extent to which day-to-day variability in circadian 
rhythm characteristics of BP contributed to the three kinds of response remains to be investigated.

 

Figure 2 Decrease, no change, or increase in BP MESOR in association with salt restriction  [14, 15, 22]. © Halberg 
Chronobiology Center.
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Figure 3 Decrease, no change, or increase in BP MESOR in association with salt restriction [23]. 
© Halberg Chronobiology Center.

Figure 4 Increase, no change, or decrease in BP MESOR in association with salt loading [23]. 
© Halberg Chronobiology Center.

Circadian Stage-Dependent Effect of Dietary Salt on Blood Pressure

As for many other stimuli, the effect of salt intake is circadian stage-dependent. This was demonstrated 
in a small but elegant study of seven clinically healthy normotensive young women (20-21 years of age) 
[26, 27]. BP was measured around the clock by ABPM for 2 consecutive days at the end of each 9-day 
stage during which the subjects consumed their usual daily salt intake (12 g/day), either distributed over the 
three daily meals as usual (Reference), or consuming two thirds of dietary salt at lunch time (Stage LH), or 
consuming two thirds of dietary salt at dinner time (Stage DH). The daily amount of nutrients was similar 
during each stage [26]. As seen in Figure 5, with no difference in the daily amount of salt intake, the 
48-hour mean value of BP did not differ between stage LH and the reference stage, but it was statistically 
significantly decreased during stage DH.
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Figure 5 The effect of dietary salt intake on BP is circadian stage-dependent [26, 27]. © Halberg Chronobiology Center.

Discussion

On the average, the benefit of reducing salt intake in hypertensive patients has been widely examined 
epidemiologically [28]. In most patients, however, the specific defect causing salt-dependent hypertension 
has not been discerned. The importance of accounting for rhythms in this respect has also been noted by 
others [29]. Largely based on short-term studies of responses to high salt intake, homeostatically, dietary 
sodium is thought to be rapidly eliminated into urine, thereby achieving constant total-body sodium and 
water content. Using a reverse experimental approach, salt intake was fixed at 12 g, 9 g, and 6 g per day 
in men participating in space flight simulations. They were tested over 105 and 205 days for the predicted 
constancy in urinary excretion and total-body sodium content [29]. The authors report aldosterone-
dependent circaseptan changes in daily sodium excretion, which resulted in rhythmic sodium storage. 
Total-body sodium changed according to monthly and longer cycles without corresponding changes in 
body weight and extracellular water [29]. A circaseptan rhythm in sodium and potassium excretion had 
been reported earlier in salt-sensitive and salt-resistant Dahl rats [30].

Any benefit from reducing dietary salt intake seems to be less clear for healthy individuals. A meta-
analysis of unconfounded randomized trials aimed at reducing sodium intake in healthy adults over at 
least 6 months examined effects on mortality, cardiovascular events, blood pressure, and urinary sodium 
excretion [31]. Results at 13- to 60-month follow-up, based on 11 trials (3 on normotensive subjects, 5 on 
untreated and 3 on treated hypertensive subjects) including a total of 3514 individuals, indicated a 35.5 
[95% CI: 23.9, 47.2] mmol/24h reduction in urinary sodium excretion, and reductions of 1.1 [95% CI: 0.4, 
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1.8] and 0.6 [95% CI: 0.3, 1.5] mmHg in systolic and diastolic BP, respectively. The 17 deaths were equally 
distributed between the reduced salt and control groups. These results led the authors to conclude that 
intensive interventions, unsuited to primary care or population prevention programs, provide only small 
reductions in BP and sodium excretion, while effects on mortality and cardiovascular events are unclear 
[31]. 

Similar conclusions were reached in a subsequent meta-analysis of 7 randomized controlled trials [6]. 
Urinary sodium excretion was reportedly reduced by 27 to 49 mmol/24h and systolic BP by 1 to 4 mmHg. 
The relative risk of mortality among normotensive subjects was 0.90 [95% CI: 0.58, 1.40] (non-significant) 
based on 79 deaths. For hypertensive individuals, the relative risk of mortality was 0.96 [95% CI: 0.83, 
1.11] (non-significant) based on 565 deaths. Results were also non-significant in terms of cardiovascular 
events, with a relative risk of 0.71 [95% CI: 0.42, 1.20] (200 events) among normotensive subjects, and 
a relative risk of 0.84 [95% CI: 0.57, 1.23] (93 events) among hypertensive individuals [6]. Moreover, salt 
restriction was associated with an increased risk of all-cause mortality among patients with heart failure, 
with a relative risk of 2.59 [95% CI: 1.04, 6.44] (statistically significant) based on 21 deaths [6]. 

A more recent meta-analysis [1] also addressed the question of a J-shape relation between outcome 
and dietary salt intake [8, 9]. The incidence of all-cause mortality and of cardiovascular disease events 
was compared in populations exposed to dietary intakes of low sodium (<115 mmol or <2645 mg), usual 
sodium (115-165 mmol and 166-215 mmol; 165 mmol represents 3795 mg), and high sodium (>215 mmol 
or >3795 mg). Results are based on data from 23 cohort and 2 follow-up randomized controlled trials, 
involving 274,683 subjects [1]. As compared to usual sodium intake, the risks of all-cause mortality and 
of cardiovascular disease events was increased both in populations exposed to high sodium and in those 
exposed to low sodium: the hazard ratios for high sodium exposure were 1.16 [95% CI: 1.03, 1.30] and 
1.12 [95% CI: 1.02, 1.24] for mortality and cardiovascular events, respectively; the hazard ratios for usual 
versus low sodium exposure were 0.91 [95% CI: 0.82, 0.99] and 0.90 [95% CI: 0.82, 0.99] for mortality 
and cardiovascular events, respectively. These results call into question the validity of the current 
recommendation from the US Food and Drug Administration that individuals consume no more than 
2,300 mg sodium per day, and that certain groups limit intake to 1,500 mg per day [32].

Conclusions
As shown in Figures 2-4, there are three kinds of BP response to sodium restriction/loading: in addition 

to the salt-sensitive individuals who decrease their BP in association with reduced dietary salt intake and 
the non-responders, there are also some people who increase their BP with a reduced sodium intake. It is 
thus important to determine on an individualized basis whether a reduction in dietary salt intake may have 
a desirable BP lowering effect when such an effect is warranted. A review of the literature indeed suggests 
that some hypertensive patients may benefit from reducing their dietary salt intake.

Assessing the circadian variation in BP is recommended, since reducing dietary salt intake can be 
associated with an increased circadian amplitude of BP (Figure 1), which, if it becomes excessive, may 
bring about an increase in cardiovascular disease risk, as reviewed elsewhere in this volume. Assessing 
other rhythmic components is desirable as well, as illustrated by the study of Rakova et al. [29] who call 
into question the concept of sodium homeostasis.

The timing of sodium intake matters. Consuming the same amount at lunch or at dinner may be 
associated with no change or a decrease in BP, respectively, Figure 5.

As apparent from three meta-analyses [1, 6, 31], any effect of reducing dietary salt intake on BP may 
not necessarily translate into a decrease in the incidence of adverse cardiovascular events or all-cause 
mortality. A J-shape relationship between outcome and the daily amount of dietary salt intake [1, 8, 9] 
should be taken into consideration in making recommendations for optimal daily consumption, which are 
best tailored to the individual in the light of a chronobiologic assessment of circadian and other parameters 
of markers such as BP. 
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Abstract

Aim: Comparison of the therapeutic effects of complex rehabilitation therapy with standard 
stomatological treatment of the temporomandibular joint (TMJ).

Methodology: A prospective study of the cases and the controls compares the effects of 2-month 
complex conservative rehabilitation therapy including physiotherapy – post-izometic relaxation (PIR) and 
re-education exercise and the effects of standard stomatological conservative treatment. A TMJ dysfunction, 
namely hypermobility, became an indication for including the above-mentioned issue in the study. The 
experimental group (rehabilitation) included 25 subjects whose average age was 30, and the control group 
of 30 subjects whose average age was 31. The parameters of the TMJ dysfunction were evaluated on an 
input and output basis and they included the following – pain, sound phenomena, associated symptoms, 
ranges of mouth opening and the kinetic 2D video analysis of the lower jaw was carried out. Then the 
results were analysed and the statistics evaluated. 

Results: The measured values in the experimental group showed statistically significant improvements 
in the sound phenomena, associated symptoms and mobility alteration evaluated by the 2D video analysis. 
The parameters of evaluating the pain and mouth opening ranges showed changes in both of the research 
groups, but the difference between the experimental group and the control group was not statistically 
significant. 

Conclusion: Rehabilitation plays an important role in the therapy of the TMJ dysfunctions within the 
complex approach. 

Introduction

The TMJ disorders are accompanied by pain, sound phenomena (clicking) and dysfunction. The causes 
of such discomfort can include the TMJ structural disorders (arthrosis, injury, arthritis, etc.) or dysfunctions 
(e.g. joint blockade, hypermobility, muscle spasm or insufficiency). Rehabilitation is recommended for the 
therapy of dysfunctions [1, 2]. 

Methods

The aim of our study was to compare the therapeutic effects of two therapies – complex rehabilitation 
therapy with the TMJ targeted physiotherapy versus standard stomatological conservative treatment.

The study was carried out as a prospective randomized study. It evaluated the effects of 2-month complex 
conservative rehabilitation therapy with the TMJ physiotherapy including the targeted post-isometric 
relaxation (PIR) of the short neck extensors, PIR mm. pterygoides laterals, and the re-education exercise 
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of the optimum mouth opening with the use of rhythmic stabilization and also standard stomatological 
conservative treatment (pharmaceuticals and repositioning splint). 

A TMJ dysfunction, namely hypermobility (with disc dislocation without reduction, according to X-ray, 
without any signs of degenerative changes), became an indication for including the above-mentioned issue 
in the study. The division into the experimental group (25 subjects, 20 women, whose average age was 30) 
and the control group (30 subjects, 24 women, whose average age was 31) was carried out at random based 
on an independent parameter. The parameters of the TMJ dysfunction were evaluated on an input and output 
basis after 2 months of either therapy and they included the following: pain, sound phenomena, associated 
symptoms (dysphagia, vertigo, etc.) and mouth opening ranges (interincisor distance); furthermore, the 
data processing of the video records of mouth opening in the sagittal and frontal planes, based on the 
kinetic 2D video analysis, was performed. Then the results were analysed and the statistics evaluated. 

Results

The measured values in the experimental group showed statistically significant changes in the sound 
phenomena, associated symptoms and mobility alteration evaluated by the 2D analysis. The parameters 
of evaluating the pain and mouth opening ranges showed changes in both of the research groups, but the 
difference between the experimental group and the control group was not statistically significant (see the 
table 1). 

Discussion

As we proved in our study, the rehabilitation exercise is seems to be more suitable to improve the 
function (range of jaw movement). The difference between the two group is statistically significant in this 
aspect (see the table 1). The vertical jaw mobility was evaluated on the basis of measuring the interincisor 
distance in maximum abduction and by means of video analysis. The mobility in the research sample 
increased from the initial value of 42.7 mm to 46.25 mm, whereas in the control sample it only increased 
from 43.25 mm to 44.0 mm. Significant changes of the experimental group are seen in the results of the 
2D video analysis too (see graph 1 and graph 2). Some studies of other authors show similar results [3]. 
The TMJ secondary sound phenomena disappeared most frequently after the post-isometric relaxation 
m. pterygoideus lateralis (in 44 % of cases). In 46 % of patients there was only a partial improvement, 
i.e. the clicking sound was less “loud”, occasional or not irritating. Some authors, however, have reported 
that the influence of long-term exercise on the disappearance of these sound phenomena is much more 
significant [3, 4]. What we find quite interesting is the fact that in 98 % of patients the TMJ disorder was 
associated with a dysfunction of the cervical spine, especially the cervicocranial junction, conditioned by 
the hypertonic short neck extensors or asymmetrical mobility of the atlanto-occipital joint. This factor 
may partially explain the higher efficiency of the rehabilitation therapy in the patients’ final subjective 
evaluation [5].

The reduction of the pain intensity during the therapy is quite apparent in both of the research groups 
(see the table1). However, the difference between the two samples is not statistically significant in terms of 
statistical analysis. The most significant relief appears at the beginning of the therapy within the first two 
weeks [3]. 

Conclusion

Physiotherapy has an important role in the therapy of the TMJ dysfunctions within the complex 
approach. In particular, physiotherapy has a demonstrable effect on reducing the sound phenomena, 
associated symptoms and movement optimization of the lower jaw and TMJ in respect to the patients 
suffering from the TMJ hypermobility with disc dislocation with reduction. 
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Graph 1 Results of the 2D video analysis - lateral deviation (LD) in mm between experimental group and control group before 
(blue) and after (red) treatment.

Graph 2 Results of the 2D video analysis – protrusion area (PA) in mm2 between experimental group and control group before 
(blue) and after (red) treatment
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Abstract

Regular exercise is an essential part of life in both healthy and chronically ill subjects. In hemodialyzed 
(HD) patients the properly dosed physical activity has been shown to prevent the onset of functional 
disorders and somatic impairment. Objective. The aim was to assess the impact of aerobic short-term intra-
dialytic training on bed-side ergometers combined with stretching and releasing exercises on functional 
parameters, subjective perception of exertion and quality of life in patients with end-stage renal disease 
(ESRD). Patients and methods. Eight patients (6 men and 2 women; mean age 42.4±16.1 years) completed 
10-weeks of supervised intra-dialytic exercise program (frequency 2 - 3 times a week). Each training session 
was also combined with stretching and releasing exercises of large muscle groups. At baseline and after 
end of exercise program all patients underwent 6-min corridor walk test for evaluation of distance walked 
and of ratio of perceived exertion (RPE). Questionnaires KDQOL and FACIT (Czech versions) were used 
to assess the quality of life (QoL). Results. Ten weeks of intra-dialytic exercise training lead to statistically 
significant increase of distance walked assessed by 6-CWT (P<0.05) and also to statistically significant 
decrease of the RPE during the 6-CWT (P<0.05). Evaluation of KDQOL showed statistically significant 
improvement of the subscale “staff support” (P<0.05). Similarly, the evaluation of FACIT questionnaire 
demonstrated a significant improvement of the subscale “social welfare” (P<0.05). Conclusion. This study 
documented the beneficial effect of 10-weeks intra-dialytic aerobic training on functional performance, 
subjective perception of effort and quality of life in patients participating in regular HD program. However, 
this study also showed that 10 weeks of training is too short to achieve more significant changes in other 
key parameters.

Introduction

Chronic renal disease (CRD) is a serious and prevalent worldwide health problem that substantially 
reduces quality of life and significantly affects patient’s survival (1). CRD is characterized by a gradual 
loss in renal function which progress to end-stage renal disease (ESRD) requiring regular dialysis or 
kidney transplantation. The number of patients being treated for ESRD globally was estimated to 
be 3.010.000 at the end of 2012 and, with a ~7% growth rate, continues to increase at a significantly 
higher rate than the world population. Of these 3.010.000 ESRD patients, approximately 2.358.000 were 
undergoing dialysis treatment (hemodialysis or peritoneal dialysis) and around 652.000 people underwent 
kidney transplantation. CRD patients are at high risk of serious cardiovascular (CV) complications, such 
as hypertension and diabetes, which are the main cause of mortality (2). In addition, CRD patients suffer 
from a variety of other co-morbidities creating a vicious circle enhancing the inactivity which in turn 
reduces physical function and increases mortality (3). To reduce CRD progression and to decrease the 
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number of concomitant disorders, exercise training has been shown to induce important beneficial effects 
(4, 5). Moreover, physical activity may also prevent general deconditioning by increasing aerometabolic 
capacity (6). Physical training benefits in CRD patients have been extensively studied regarding physical 
function either evaluated by objective laboratory tests (i.e. cardio-respiratory fitness through peak oxygen 
uptake (VO

2peak
) and/or physical performance tests (i.e. field test as the six-minute walk test-6MWT – 7). 

However, although the intra-dialytic exercise in ESRD patients was first introduced 30 years ago, it is still 
only offered in a minority of hemodialysis units worldwide. The situation in the Czech Republic is even 
worse – there is only few hemodialysis centers providing this type of rehabilitation. The aim of the present 
study was to evaluate the impact of an intra-dialytic aerobic exercise training program (cycling) on selected 
functional parameters and quality of life (QoL) in patients on regular hemodialysis (HD). 

Patients and methods

This study was carried out in regularly hemodialyzed patients in Hemodialysis center of the IInd 
Department of Internal Medicine of St. Anne’s Faculty Hospital (Brno, Czech Republic, EU) using the 
Fresenius 4008 S hemodialysis unit (Fresenius Medical Care®, Bad Homburg, Germany) and Fresenius 
F70S or Fresenius F8HPS capillary dialyzers. All subjects included in this study underwent standard 
hemodialysis treatment 3 times a week (Monday, Wednesday and Friday). 

Inclusion criteria: minimally 12 months of regular hemodialysis, symptomatical stability, and 
optimized pharmacological treatment unchanged 1 month before the start of the study.

Exclusion criteria: uncontrolled hypertension, history of venous thromboembolism, implanted cardiac 
pacemakers, unstable angina pectoris, heart failure, severe neurological diseases (epilepsy, multiple 
sclerosis, parkinsonism), severe orthopedic complications (after.total hip or knee replacement), chronic 
broncho-pulmonary disease, and urea clearance (spKt/v) >1.2.

Before beginning of the intra-dialytic RHB program, all patients underwent standard spiroergometric 
test on bicycle for the evaluation of exercise performance and aerometabolic capacity (peak O

2 
uptake 

and peak workload) and 6-min corridor walk-test (6-CWT) to evaluate the distance walked (Fig.1).

Figure 1
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Czech versions of two standard clinical questionnaires (KDQOL and FACIT) were used for evaluation 
of the impact of exercise training on the QoL. Exercise intensity was set at 50% of the peak workload rate 
achieved during the pre-training incremental ergometric test. After baseline testing, patients underwent 
10-weeks intra-dialytic aerobic exercise training program consisting of bicycling 3 days/week on 
programmable bicycle ergometers (MOTOmed letto2, RECK® Co., Germany), adapted on the subject’s 
dialysis chair or bed. Training was done always between the 2nd and the 3rd hour of HD. One complete 
session of RHB training consisted of initial stretching of leg muscles before connecting to dialyzer (5 min), 
releasing exercises of leg muscles (5 min), passive cycling on bed-side ergometer (1 min forward + 1 min 
backward), active aerobic training on ergometer (30 min), passive cycling on ergometer (1 min forward + 
1 min backward), releasing exercise of leg muscles (5 min) and of terminal stretching of leg muscles after 
disconnection to dialyzer (5 min – Fig.2 and 3). 

Figure 2
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Figure 3

Total length of the training session lasted approximatively 54 minutes. All training sessions were 
supervised by a professional staff (physiotherapists and nurses). 

Statistics

Microsoft Office Excel 2007 software for Windows Statistics and program version 10 MR1 were used 
for data processing. All data are presented as mean and standard deviation. Non-parametric Wilcoxon 
paired test was used for statistical analysis in order to exclude possible errors in normal data distribution. 
The value P<0.05 was considered as statistically significant.

Ethics

All patients signed informed consent to participate in the study; the study was approved by the local 
ethics committee and conforms to the principles outlined in the Declaration of Helsinki (as revised in 
Fortalezza, 2013) and to the GCP guidelines of the European community.

Results

Eight patients (6 men and 2 women; mean age 42.4±16.1 years) completed 10-weeks of supervised 
intra-dialytic exercise program (frequency 2 - 3 times a week). Basic characteristics of all the subjects are 
summarized in Table 1 and 2. 
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Table 1

Table 2

Ten weeks of supervised intra-dialytic aerobic exercise program led to significant increase of the distance 
walked in 6 minutes, assessed by 6-CWT (from 492.25 ± 52.51 to 585.0m ± 86.25; *P<0.05 – Graph 1). 
Also After completion of intra-dialytic RHB program also significant reduction of fatigue and dyspnea (RPE) 
assessed by Borg scale was present (from 9.96 ± 1.94 to 7.85 ± 1.49; *P<0.05 – Graph 2). Analysis of the 
parameters of quality of life showed only weak significant improvement: in the questionnaire KDQOL 
(specific part) there was an improvement in subscale „staff support“ (from 81.25 ± 15.31 to 93.75 ± 10.83; 
*P<0.05 – Graph 3), and in the questionnaire FACIT in the subscale „social satisfaction“ (from 20.67 ± 5.14 
to 22.67 ± 4,72; *P<0.05 – Graph 4). Only a trend to improvement was observed in other subscales of both 
questionnaires, however, without reaching statistical significance. Intra-dialytic exercise training in this study 
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was well tolerated by all patients and in neither case were recorded complaints of discomfort or pain related to 
training procedure.

Graph 1

Graph 2
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Graph 3

Graph 4
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Discussion

According to the statement of the American College of Sports Medicine (ACSM) and the American 
Heart Association (AHA) the increase in physical activity should be one of the priorities for improving the 
physical fitness, reducing the risk of chronic disease or preventing unhealthy weight gain in adults (8, 9). 
Dialysis patients commonly have poor exercise tolerance and debilitation symptoms and impaired quality 
of life. Functional capacity is mainly limited by fatigue, but dyspnea on exertion is also a contributing 
factor (10). Aerobic capacity, peripheral skeletal muscle strength, and endurance in hemodialysis patients 
are approximately half that of the corresponding healthy sedentary aged-matched men (11). Anemia, 
deconditioning, cardiac dysfunction, impairment of autonomic balance, and mainly skeletal muscle 
weakness and fatigue, primarily because of uremic myopathy and neuropathy, are the main predisposing 
factors for their low functional ability (12). Moreover, the deleterious influence of both small and 
middle molecular weight uremic retention solutes, known as uremic toxins, plays an important role in 
these morphological and functional abnormalities (13). Johansen et al. reported that physical activity as 
measured by accelerometer was significantly lower in HD patients than in age-matched sedentary controls 
(14). Furthermore, it was demonstrated that the physical activity level in HD patients declined at a rate 
of 3.4% per month during an observation period of 12 months or more (15). These reports indicate that 
HD patients are more inactive compared to healthy adults and that their physical activity levels decline 
gradually. Typical exercise-training program during hemodialysis session usually contains a combination 
of exercises, consisting of up to 30 min cycling on bed-side ergometer and up to 10-20 min exercises for 
flexibility, coordination, and muscle strength (16, 17). Similar protocol was used also in the present study. We 
demonstrated that 10 weeks of intra-dialytic aerobic exercise training combined with strength and releasing 
exercises can significantly improve the submaximal physical capacity in HD patients. In concordance with 
several previously published reports we have shown that there are functional and psychological benefits 
from using regular intra-dialytic exercise training as adjunctive therapy in the treatment of dialysis patients 
(18, 19). Exercise training was shown to improve skeletal muscle endurance and strength and, thus, peak 
exercise performance in hemodialysis patients (20). Biopsy studies have demonstrated an increase in both 
Type I and Type II muscle fiber cross-sectional areas after both endurance and strengthening training in 
chronic uremic patients (21). In addition, regeneration of degenerated fibers, increase in capillary density, 
and favorable changes in the structure and number of mitochondria were also described (22). Mental 
health needs, especially episodes of depressed mood and even clinical depression, are prevalent among 
CRD patients (23). One of the key components of depressed mood is loss of interest in doing things. 
Depressed mood is often associated with decreased behavioral compliance with therapy, and non-adherent 
patients may be viewed by staff as “unmotivated” or “self-destructive” (24). Importantly, the increase in 
exercise tolerance seems to be correlated with symptomatic improvements in health-related quality-of-life 
measurements (19). Depressed patients with CRD had the greatest profit from exercise training, including 
significant improvement of QoL (18). Aerobic training decreases the prevalence of depression in patients 
with advanced CRD and also in patients on HD participating in the intra-dialytic exercise program (26). 
Exercise program improves anxiety symptoms as well as the physical and mental health scores of the SF-36 
questionnaire (27, 28). Intra-dialytic training enhances also the appetite as well as calorie and protein in 
patients on HD (29). Exercise during the hemodialysis sessions seems to be most convenient and time-
efficient way of training in patients on hemodialysis (30). An advantage of this method is that it does not 
create a need for extra time because patients are in the hospital 3 times per week anyway. Therefore, this 
mode of training is more applicable and preferable from the patient’s point of view, because the reported 
compliance with exercise training during hemodialysis is high (31). The outcome is more pronounced 
in patients who participate in an outpatient supervised program, because a greater dose and variety of 
exercises are applied (31). However, each patient should be encouraged to participate in any exercise-
training program according to his or her needs and time schedules. Initial improvements in functional 
capacity in traditional programs occur at 4 weeks, and peak adaptations are seen at 16–26 weeks of 
training (12). Patients should be motivated and incited to include physical activity in their lifestyle, because 
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all exercise benefits are lost within a few weeks of non-training, and those who receive no exercise seem 
to deteriorate over time (12). There are some limitations to the present study. First, the training program 
lasted only 10 weeks and it seems that this is not enough to achieve more statistically significant results 
(usual length of such types of intra-dialytic RHB is at least 20 weeks). Thus, further examination will be 
needed to investigate the optimal length of intra-dialytic training. Finally, the absence of control group in 
the present study reduces somewhat the importance of the results. 

Conclusion

This study proved beneficial effect of intra-dialytic supervised aerobic training on functional performance, 
subjective perception of exertion and quality of life in patients on HD. However, it is likely that only 10 
weeks of training is too short period to achieve more important statistical significance to change key 
parameters. We strongly recommend that staff responsible for the care of dialysis patients should include 
exercise training as an integral part of the long-term management. We confirm that patients undergoing 
maintenance HD should engage intra-dialytic aerobic exercise training for at least 30 min per HD session 
to prevent deterioration of their physical performance. Moreover, participation in the intra-dialytic exercise 
program is effective for maintenance of a good QoL. There is an acute need to support future clinical 
research trials appropriately designed to further study this potentially efficacious intervention on outcomes 
such as quality-adjusted life expectancy, morbidity, health care and transportation costs.
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