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Appendix B 

Attribution of short-term blood-pressure and 

heart-rate variability to respiration and IO-second-rhythm: 

a spectral analysis approach 

The advantage of the use of spectral analysis techniques for the description of 

heart-rate and blood-pressure variability is discussed. As an application of these 

techniques we show the large difference in distribution of variability over the fre

quencies during the day and during night-time sleep. A tentative explanation of 

this finding is given. 

B.1 Abstract 

A spectral analysis technique is decribed that partitions variability in 

blood-pressure and heart-rate data, derived from continuous ambulatory 

blood-pressure registrations. This technique is used to assess the contributions to 

overall variability of respiration, lO-second-rhythm and slower fluctuations in data 

from five normotensive subjects. The relative importance of the 10-second-rhythm 

in blood pressure and heart rate was found to be greatly diminished during sleep. 

This finding appears to be linked to the absence of sympathetic drive during sleep. 

The presented technique may be useful to quantify the preponderance of different 

control systems of the cardiovascular system. 

B.2 Introduction 

When 24-hour ambulatory intra-arterial blood-pressure registrations are analysed, 

usually mean values of blood pressure (BP) and heart rate (HR) are calculated, 

averaged over various periods of time: one-minute means, hourly means, day/night 

means. These mean values of BP are clinically most relevant; short-term 

intra-individual variability of BP and HR, however, is certainly of interest from a 

physiological point of view (Clement, 1981). Whereas part of this variability is re

lated to physical and mental activity, not all variability can be attributed to 

external causes. 
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Variability of BP and HR is usually expressed as the standard deviation (SD), cal

culated over a certain period. In this study we describe a method to partition 

the total short-term BP- and HR-variability during resting periods into its various 

constituents by means of spectral analysis techniques. This method allows differ

entiation between on the one hand the respiration-coupled BP- and HR-variability 

(respiratory arrhythmia), the latter being a measure of vagal influence (Fouad et 

al., 1984), and on the other hand the sympathetically mediated 
10-second-variability in BP with accompanying HR-variability. Spectral analysis 

techniques have been used to study heart-rate variability (e.g., Pomeranz et al., 

1985), but to our knowledge they have not been used in the analysis of short-term 

intra-arterial BP-variability. We applied these techniques to ambulatory 

BP-recordings from young, normotensive subjects during rest at day-time and while 

asleep at night. 

B.3 Blood-pressure and heart-rate variability 

The total variability of systolic blood pressure is usually expressed as the standard 

deviationSD = Jt(XCX)2 /N , with Xi the individual systolic pressure values, X the 

mean systolic value over the considered period and N the number of values (= 

number of heart beats) in this period. Sometimes the variance 5D2, i.e. the 
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Fig.B-l Shown are four hypothetical signals, all with identical mean 
and standard deviations. Xi-Xi_l represents the mean of absolute 
differences between each pair of neighbouring data points. This meas
ure corresponds with the 'Average Hourly Change' or AHC (Mann ct 
al., 1982). (Figure reproduced from VanMontfrans, (984). 



square of the standard deviation, is used instead of the SO itself. If the histo

gram of the data shows a normal distribution, the range between mean value plus 

and minus one SD comprises around two thirds of all data points. For data that 

are not normally distributed, this need not be true (e.g., when the histogram of 

the data is bimodaI), but still the standard deviation remains a useful descriptor 

of the total variability. 

A limitation of the standard deviation SO as an index of BP- and HR- variability 

is that rather different sets of data may have identical standard deviations. This 

point is illustrated in fig.l (taken from VanMontfrans, 1984). Four curves were 

constructed, each consisting of 20 hypothetical data points. The four mean values 

are equal, as are the standard deviations, but the curves themselves appear to be 

totally different. To differentiate between these cases it is more attractive to 

use the mean of the absolute differences between pairs of neighbouring data-points 

as a descriptor of variability. Then the results are quite different (see figure). 

The latter approach has been defined by Mann and coworkers (1982) as the Aver

age Hourly Change (AHC) of hourly mean values obtained by continuous 

BP-registration. Conversely, it is also possible to construct series of data-points 

which are quite different in appearance, but have identical AHC-values and differ

ent standard deviations. 

B.4 Spectral analysis of blood-pressure and heart-rate variability 

To fully characterize the variability in data, a single number is clearly not suffi

cient. A more complete, but also more complex method of characterizing the 

variability is the use of spectral analysis methods (cf. Bendat and Piersol, 1971). 

Spectral analysis attributes the total variability (or rather the total variance) to 

the components in different frequency ranges. The resulting graph is called a 

spectrum; it indicates which proportion of the total variability may be attributed 

to fluctuations at different frequencies. 

As an example, fig.2 shows the spectrum of the variability in systolic pressures 

from a young heal thy subject. It is calculated from the beat-to-beat systolic va

lues during a ten-minute resting period. The total variance 502 is given by the 

total surface area under the curve, and equals 14.7 (mmHg)2 (i.e., the standard 

deviation is 3.8 mmHg). The horizontal axis is labeled in Hz (cycles per second), 

and the vertical axis in variance/Hz (for systolic pressures: (mmHg)2/Hz). The 
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spectrum in fig.2 shows a large amount of variability around 0.1 Hz (the so-called 

10-second-rhythm) and around 0.3 Hz (due to the respiration with a period of 

3.3 sec). 

We attribute blood-pressure fluctuations with a repetition rate (frequency) of 

0.067 Hz to 0.15 Hz, i.e. a repetition period between 6.7 sand 15 s, to the 

10-second-rhythm. The amount of variability in this frequency range is given by 

the hatched area in fig.2. For quantitative purposes it may be necessary to sub

tract the trend in the spectrum to produce a better estimate of the true area of 

the peak (doubly hatched). This area should be compared to the total area under 

the curve to obtain the percentage of variability that may be attributed to the 

10-second-rhythm: 19 96 in fig.2. About 31 96 of the total variance is due to 

respiration (0.20 Hz to 0.35 Hz, above the dashed line) and the remaining 50 96 is 

due to other causes. 

An extension of this spectral technique, the cross-spectrum, enables one to deter

mine to what extent interval and pressure fluctuations in a certain frequency 

range are associated. It can then be decided whether the interval fluctuations 

precede or follow the pressure fluctuations in this range. Using cross-spectral 

techniques, we showed previously that the 10-second fluctuations in systolic pres

sure precede the interval fluctuations by around 1.7 sec or two beats; in the 

range of normal respiration the fluctuations of RR .. interval and of the systolic 

pressure within that same interval go together, probably due to the action of the 

fast baroreflex (Chapters 6 and 7, or DeBoer et al., 1985c,d). 
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Fig.B-2 Spectrum of systolic pressure 
variability, i.e. the graph of variability 
per frequency band (or "power") 
vs.frequency. The area under the curve 
is equal to the total variance (the square 
of the standard deviation). The pressure 

frequency (Hz) variability in the range 0.067-0.15 Hz is 
represented by the hatched area; the area of the peak (doubly 
hatched) is considered due to the so-called 10-second-rhythm (0.1 Hz). 
The area under the right-hand peak represents the respiratory variabili
ty. 



B.5 Subjects and methods 

24-hourly intra-arterial records were analysed from five normotensive healthy sub

jects, three female and two male, who underwent continuous ambulatory 

BP-monitoring as controls in a larger investigation (VanMontfrans, 1984). They all 

had a cuff blood pressure at first measurement below 140/90 mmHg. We used the 

Oxford system, which needs' no description here. After cannulation all subjects 

carried out their usual daily work and they slept at home. Time and kind of var
ious activities were recorded on tape using a push-button event-marker and noted 

in a diary. Subjects were specifically instructed to sit and relax at home at least 

ten minutes in the afternoon and evening. In this study we analysed these resting 

periods, as well as periods during sleep. 

B.6 Data analysis 

Per-beat values of systolic and diastolic pressure were extracted from the continu

ous BP-recordings by computer. The interbeat interval was derived from the peri

od between two successive systolic upstrokes. Power spectra were calculated from 

these beat-to-beat values, using a Digital Fourier Transform (Chapter 6). To es

timate the amount of 10-second variability and respiratory variability, we calcu

lated the area under the spectral curves between 0.067-0.15 Hz and between 

0.20-0.35 Hz, respectively, after subtraction of the trend in the spectral curves. 

B.7 Results 

The spectral technique described above can be applied to all continuous 

BP-registrations in which no evident non-stationarities are present. Here we pre

sent preliminary results from a comparison between the BP- and HR-spectra during 

sleep and during day-time rest. Fig.3a shows the spectrum of intervals and fig.3b 

the spectra of systolic (solid line) and diastolic (dashed) pressures from subject A 

during rest. Large contributions to the total variability are seen around 0.1 Hz in 

all spectra (lO-second-rhythrn); the respiratory peak around 0.3 Hz is less outspo

ken in the spectrum of diastolic pressures than in the other spectra (cf. Chapters 

6 and 7). 

From the continuous BP-registration of this subject during sleep we arrived at the 

spectra of Figs.4a,b. Most remarkable is the almost complete absence of the 

lO-second-peak in the spectra. The regular respiration during sleep produces the 

narrow peak at 0.22 Hz (again rather small in the spectrum of diastolic pressures). 
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Fig.B-3 Spectra of RR-intervals (fig.3a) and systolic (drawn, fig.3b) 
and diastolic (dashed, fig.3b) variability during day-time rest. Peaks at 
0.1 Hz and at the respiratory frequency are seen in the spectra of in
tervals and of systolic pressures, but only a 0.1 Hz peak is seen in the 
spectrum of diastolic pressures. 
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Fig.B-4 As Fig.3, but now for a registration during sleep. Note the 
absence of a 0.1 Hz-peak in the spectra. 
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So far, we analysed data from five subjects along this approach. Ratio's between 

the area under the 10-second peak and the respiratory peak, both during day-time 

rest and during sleep, are given in table 1. These results indicate an almost 

complete suppression during sleep of the 10-second peak relative to the respiratory 

peak, as well in the spectra of intervals as in the spectra of systolic and diastolic 

pressures. 
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Table I 

Ratio of respiratory variability to 10-second-variability in five normotensive sub

jects during rest at day and asleep. 

intervals systolic diastolic 

pressures pressures 

subject age day night day night day night 

A 23 • 87 18 • . 80 14 . .11 2.0 

B 2& 1.2 4.9 1.3 13. .21 3.1 

C 30 1.8 11. 1.6 15. .42 5.0 

D 36 .37 .67 .17 .69 .18 .51 

E 44 1.0 13. 1.2 20. .14 2.6 

Table 1: 

"Day" stands for periods of day-time rest, "night" for periods when the subject 

was asleep. The much higher ratio at night, as well for the interval variability as 

for the systolic and diastolic pressure variability, is due to the decrease of 

1 O-second-var iabili ty. 

B.8 Discussion 

The standard deviation is widely used as a measure of variability of blood pressure 

(BP) or heart rate (HR). However, the different components of variability are 
inextricably mixed in this single number and their individual contribution to the 

overall variability remains unknown. In this study a spectral analysis method is 

described that permits the division of BP- and HR-variability in its components. 

The respective contributions of respiration, 10-second-rhythm and slower compo

nents are assessed by partitioning of the beat-to-beat variability of RR-interval, 

systolic and diastolic pressure over the frequency range 0 Hz to 0.5 Hz. We con

sider the interval variability between 0.2 Hz and 0.35 Hz to represent respiratory 

variability, which is related to the vagal drive (Fouad et al., 19&4). The 

BP-variability around 0.1 Hz (lO-second-rhythm) is mostly due to sympathetical in

fluence. Hence, the amounts of these two kinds of variability give information on 

the relati ve strength of the vagal and sympathetical contributons to the cardiovas

cular control system. 
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To illustrate the potential of this approach, we compared the BP- and 

HR-variability spectra of resting day-time periods with sleeping periods in five 

normotensive subjects. The total variance of systolic pressures and intervals was 

similar during these periods, but the distribution of the variability over the fre

quencies was different. The main difference between sleeping and non-sleeping 

periods was the almost complete absence of the la-second rhythm during sleep, as 

well in RR-intervals as in systolic and diastolic pressures (Ug.3,4). The total vari

ance of diastolic pressures was lower during sleep; this is to be expected because 

the variability of diastolic pressures during day-time is mostly due to the 

10-second-rhythm, which disappears during sleep. 

We analysed periods of quiet sleep, which was probably non-REM sleep, but no 

EEG-signal was available to ascertain this. A difference in position (lying in bed 

vs. sitting) may explain part of the lack of la-second peak during sleep, as the 

lO-second-rhythm is more prominent in subjects in upright position than in supine 

subjects (Pomeranz et al., 1985). In our opinion the almost complete absence of 

lO-second variability during sleep can not be explained by the difference in posi

tion alone; however, this point needs further study. A logical explanation of the 

absence of 10-secpnd variability is offered by the known decrease of sympathetical 

influence during sleep (Mancia and Zanchetti, 1980). 

Sayers and coworkers (1982) argued that the characteristics of an intra-arterial 

BP-recording should not be lumped together in one single index such as the stan

dard deviation. They suggested to focus on identification and quantification of 

systematically occurring components of the pressure signal. Our approach is con

sistent with their recommendation, but we do not agree with their statement that 

the contributions to the BP-signal of respiration and other fast activity (e.g., the 

IO-second-rhythm) is well understood and hence merits less interest. 

In conclusion, our technique is useful to study the different components of BP

and HR-variability; the division of the total variability in its components may 

give important information on the relative strength of the vagal and sympathetical 

branch of the cardiovascular control system. 
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