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Abstract

Among the many different factors that influence blood pressure, activity was once thought to be 

the major determinant of the circadian variation in blood pressure. Whereas the endogenous nature 

of the circadian rhythm in blood pressure is no longer disputed, there is great interest in monitoring 

activity concomitantly with blood pressure. Herein, we reanalyze a dataset on weeklong ABPM 

records obtained concomitantly with actigraphy from 20 clinically healthy young adults. The purpose 

of this investigation is to review different approaches available for the characterization of the circadian 

variation in physiological variables such as blood pressure, heart rate, and activity. Topics covered 

include rhythm detection, the estimation of rhythm parameters, and the visualization of their waveform. 

Methods to examine how circadian rhythms of different variables may relate to each other are also 

discussed.
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Introduction

Most, if not all, physiological variables undergo predictable circadian variations [1]. Circadian 

rhythms are genetically anchored [2, 3], including that of blood pressure, which was long thought to be 

no more than a direct response to activity [4].

The endogenous nature of the circadian rhythm in blood pressure is apparent from its persistence 

during continued bedrest [5, 6], from its ability to free-run [7, 8], and more recently from the discovery 

of clock genes in the periphery as well as in the suprachiasmatic nuclei [4].

Many factors affect blood pressure [9]. Among them, activity plays an important role and can be 

easily monitored. Interest in measuring activity concomitantly with blood pressure stems in part from 

the merit of defining more precisely the active and resting spans, which may differ greatly among 

individuals.

Herein, we re-analyze a dataset of weeklong ABPM and actigraphy records from clinically healthy 

young adults [10], with the aim to illustrate different approaches to characterize the circadian variation 

in variables such as blood pressure, heart rate, and locomotor activity.

Subjects and Methods
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Population-mean cosinor spectra were computed by averaging results from the individual least 

squares spectra. Since spectral analyses of all variables showed prominent about 24-hour and 12-hour 

components, 2-component models were used to reconstruct the circadian patterns of each variable.

Stability (IS) and fragmentation (IV) are two indices that have been proposed to characterize the 

circadian variation in activity [13, 14]. IS is a signal-to-noise measure, calculated as the ratio between 

the variance of the average 24-hour pattern around the mean and the overall variance. IV estimates the 

intra-daily variability and gives an indication of the fragmentation of the rhythm (i.e., the frequency of 

transitions between rest and activity) and is calculated as the ratio of the mean squares of the difference 

between consecutive hours (first derivative) and the mean squares around the grand mean (overall 

variance). IS and IV are calculated based on hourly averages. IS and IV were computed from all study 

participants.

The Student’s t test was used to compare the MESOR and circadian amplitude of each variable 

between men and women. Linear regression assessed relationships of the circadian parameters as a 

function of age and BMI. A P-value below 0.05 was considered to indicate statistical significance.

Results

Figure 1 illustrates the autocorrelation (ACF) and cross-correlation (CCF) functions of systolic 

blood pressure (SBP), ZCM, and wrist temperature (Temp). The presence of a circadian rhythm in each 

variable can be clearly seen by the naked eye. It can also be seen from the cross-correlation functions 

that systolic blood pressure and ZCM are in phase, but that wrist temperature is out of phase with both 

systolic blood pressure and ZCM.
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Figure 1. Left: Autocorrelation functions of systolic blood pressure (top), activity (ZCM, middle), and wrist 
temperature (bottom) of one subject. Right: Cross-correlation functions of systolic blood pressure and ZCM (top), 
of systolic blood pressure and wrist temperature (middle), and of ZCM and wrist temperature (bottom). Note that 
the prominent circadian variation in these three variables is in phase between systolic blood pressure and ZCM, 

but that these variables are out of phase with respect to wrist temperature. © Halberg Chronobiology Center

Figure 2 illustrates the least squares spectra of these three variables corresponding to the 

autocorrelation and cross-correlation functions shown in Figure 1. A large spectral peak at a frequency 

of one cycle per 24 hours emerges from the noise level in each case. Smaller peaks at harmonics of 

the circadian variation are also present. Population-mean cosinor spectra summarizing results from all 

20 study participants clearly detect with statistical significance the presence of spectral components at 

frequencies of one and two cycles per 24 hours, Figure 3.

  

Figure 2. Least squares spectra of systolic blood pressure (left), activity (ZCM, middle), and wrist temperature 
(right) of one study participant. The circadian variation is prominent, as seen by the large spectral peak at a 

frequency of 1 cycle per 24 hours. © Halberg Chronobiology Center
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Figure 3. Population-mean cosinor spectra of systolic blood pressure (left), activity (ZCM, middle), and wrist 
temperature (right), summarized across all 20 study participants. The 24-hour and 12-hour components are 

statistically significant. © Halberg Chronobiology Center

 

 

Figure 4. Circadian waveform of systolic blood pressure (top), activity (ZCM, middle), and wrist temperature 
(bottom), reconstructed based on 2-component model, shown with the data expressed as a percentage of each 

record’s arithmetic mean. © Halberg Chronobiology Center

The circadian patterns of systolic blood pressure, activity, and wrist temperature are reconstructed 

in Figure 4 based on a 2-component model, consisting of cosine curves with periods of 24 and 12 

hours, derived from results of the population-mean cosinor spectra.



NONINVASIVE METHODS IN CARDIOLOGY 2020

24

Discussion

The stability and fragmentation indices averaged (± SD) 0.571 ± 0.152 and 0.475 ± 0.090, respectively, 

reflecting the relatively young population investigated herein. IS depends on the record length. It is 

higher in the 7-day (0.620) than in the 6-day (0.426) records (t = 2.922, P=0.009). It also correlates with 

activity (MESOR of ZCM) (r=0.461, P=0.041), and with the circadian amplitude of ZCM (r=0.823, 

P<0.001). It can be viewed as reflecting the percentage variance accounted for by the circadian variation 

in activity. Indeed, IS correlates strongly with the percentage rhythm of the circadian rhythm of ZCM, 

whether it is approximates by a single 24-hour component (r=0.890, P<0.001) or a 2-component model 

consisting of cosine curves with periods of 24 and 12 hours (r=0.916, P<0.001).

 D
in the circadian acrophase between distal skin temperature and body temperature are mainly related 
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