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Illustration of the problems to be addressed: 
1. Diagnosis 

How reliable and reproducible are casual blood pressure measurements and 
even results from 24-hour ambulatory monitoring? 

MESOR-hyperten-
sion only for 5 con-
secutive days at 
beginning of record 
but not for ensuing 
16 days (top left) or 
for 11-day span in 
April (bottom left) or 
for 11-day span in 
July (not shown). The 
circadian amplitude 
is acceptable for the 
first three days, but 
intermittently exces-
sive thereafter in 
February (but not in 
April or July). Acro-
phase is deviant only 
initially. 
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94.10 Arterial Pressure (MAP) 

F = 6.858; P - 0.001 

2. Intervention 

Timing according to circadian 
stage can have drastically differ-
ent effects and hence can be 
used to optimize intervention, 
including non-drug (p. 40) or 
drug (p. 41) treatment when 
needed. For instance, the same 
kind of surgery in the morning 
raises and in the afternoon low-
ers blood pressure and heart 
rate. Blood pressure can vary 
spontaneously from being too 
high to being acceptable, if not 
too low, during office hours. 
This resolution and evidence 
amplifying on it tell us what to 
do about it. It proposes the recy-
cling of systematically collected, 
otherwise lost information and 
chronobiologic action on this 
basis with self-help (29, 30). 



Fairy tale or reality? 

Endeavors to interpret only values outside the normal range are Sisyphean to the 
point of recalling the tall tale of Baron Munchhausen's horse: the horse was cut 
in two by the town gate as it closed; when the head of the horse subsequently 
drank at the well, the water poured out of its severed middle onto the ground. 
Similarly, much information from within the physiologic range (the indispens- 

able water in our analogy) is lost today, but maybe usefully recycled tomorrow. 

(Illustration by Martin and Ruth Koser-Michaels from Münchhausen: Des 
Freiherrn Wunderbare Reisen und Abenteuer, Droemersche Verlagsanstalt, 

Munich, © 1952, facing p. 32. Reproduced with permission of the publisher.) 

Medtronic Chronobiology Seminar #8. Presented by Franz Halberg and 
Germaine Cornélissen, University of Minnesota, Minneapolis, Minnesota 55455, 

and the International Womb-to-Tomb Chronome Initiative (3,4) 



Resolution' on the utility of chronobiology2  in 
clinical blood pressure assessment 

The following chronobiologic rationale and approach are herewith 
agreed upon: 

• Given that blood pressure disorders and their consequences are a 
major risk factor for vascular diseases that afflict a large portion of 
the population, lead to catastrophic, disabling diseases, and involve 
large medical costs (5); 

• Given that in the case of a correctly diagnosed blood pressure dis-
order, anti-hypertensive agents are useful to reduce the incidence of 
adverse vascular events (5); 

• Given that the current diagnosis of blood pressure disorders is 
associated with an error exceeding 40% as recorded in large clinical 
trials (involving thousands of participants), Figures 1 and 2 (6, 7; cf. 
also 8, 9) and has almost certainly obscured their outcomes (10) and 
given that an uncertainty of a similar extent is found in small chrono-
biologic studies, Figures 3 and 4 (11, 12); 

• Given, therefore, that individuals are treated unnecessarily at great 
financial cost with side effects as well as the unwarranted stigma of a 
disease (13); 

• Given that very busy medical opinion leaders3 (Figure 5a, 5b, 5c, 
5d), among others of all ages (Figure 6), including centenarians (17) 
and children (Figures 6, 7; 18-24), have all taken their blood pressure 
by manual or automatic (7) measurements, some for spans of years, 
if not decades (25), and have thus documented the feasibility of self-
measurements; 

• Given that the teaching of chronobiology has been formulated as a 
concept and experimentally validated in elementary and middle 
schools as well as in colleges in North America (18-22) and Europe 
(23, 24); 

• Given that the U.S. National Science Teachers Association has pro-
duced a book in support of chronobiologic literacy (26) and that a 
lead article on the topic was also published by the American 
Physiological Society (27) and by educators elsewhere (28); 

• Given that a 24-hour automatically monitored blood pressure 
profile, summarized by more than daytime, nighttime and 24-hour 
averages, can detect deviations, including elevations at odd times 
when they are not likely to be checked by health care professionals 
(29, 30), Figure 8; 

• Given that a chronobiologic analysis of blood pressure data collect-
ed around the clock resolves and quantifies endpoints such as an 
excessive circadian blood pressure amplitude, Scheme 1 (7, 31, 32); 



• Given that an excessive circadian blood pressure amplitude is a 
risk factor for ischemic stroke and nephropathy at all systolic blood 
pressure MESORs, even below 130 mm Hg (Figure 9), and that it is a 
larger risk factor than any of the known risk factors for these diag-
noses tested so far, Figures 10 and 11 (33, 34); 

• Given that those patients with an excessive circadian blood pres-
sure amplitude who by happenstance are examined when theirpres-
sures are low are misdiagnosed as normotensive and hence are left 
untreated despite their much increased risk of developing an adverse 
vascular event; 

• Given that those other patients with an excessive circadian blood 
pressure amplitude who by happenstance are examined when their 
pressures are high are likely to be treated with antihypertensive 
drugs aimed (for the sake of compliance) at 24-hour coverage, 
although the further lowering of their blood pressure when it is natu-
rally low may not be warranted and may in some cases even be 
harmful (7); 

• Given that the treatment of blood pressure disorders timed accord-
ing to biologic rhythms (e.g., circadian stage) (chronotherapy) 
achieves more of a hypotensive effect sooner with a lesser dose and 
fewer complications as compared to traditional treatment for the case 
of propranolol, clonidine and a-methyldopa (Figure 12; 35, 36; cf. also 
3), among others (37); 

• Given that an automatic blood pressure monitoring profile limited 
to 24 hours, even when it is analyzed for chronobiologic endpoints, 
can yield drastically different results for the same patient studied on 
different days, Figures 13-15 and Table 1 (38); 

• Given that control charts can assess the success or failure of a given 
treatment so that the required effect, Figure 16, or the lack of such an 
effect are ascertained on an individualized basis (39); 

• Given that the use of such control charts can be rendered practical 
in terms of sampling requirements, Figure 17 (39), as can be sampling 
by self-help for screening and diagnosis; 

• Given that all chronobiologic analyses can be readily implemented 
in this era of supercomputers, e.g., as a service offered at the 
University of Minnesota in the USA, and possibly at the Universities 
of Florence, Milan and Turin in Italy; of Madrid, Valladolid and Vigo, 
Spain; and of Bratislava, Slovakia; at Masaryk University in Brno, 
Czech Republic; at the Institute of Pediatrics of the Russian Academy 
of Medical Sciences and at Hospital #60 in Moscow, Russia; at Tokyo 
Women's Medical College, Yamanashi Medical University and the 
Health Science Center of Kyushu University in Fukuoka, Japan; at 
the West China University of Medical Sciences in Chengdu, People's 
Republic of China; and in other locations: 



It is proposed: 
I. For routine health care practice: 

1. To routinely complement the casual measurements of the 
health care professional by a longitudinal systematic mostly self-
monitoring of blood pressure during wakefulness at about 3-hour 
intervals for a week, with one measurement during midsleep on the 
first night, with manually operated devices and, as soon as possible, 
more densely with automatic ambulatory monitors at 15-minute or 
shorter intervals; 

2. To routinely secure a chronobiologic analysis and/or inter-
pretation of time-specified single or serial measurements; 

3. To provide educational materials to support self-help and 
self-responsibility in health care. 

II. For long-term implementation: 

4. To establish a system for acquiring, distributing and retriev-
ing monitors and for organizing an international data base and 
chronobiometric analysis center that assure the further accumulation 
and refinement of reference standards in the light of which the earli-
est rhythm alteration can be detected and acted upon preventively 
(rather than only as an after-the-fact "cure"); 

5. To further develop hardware and software for automatic long-
term patient monitoring including elements of windowing, compact-
ing and recycling (40; Figure 18), so that at any time along with a 
physical examination, the physician, by pressing a button, can access 
a complete past medical history (in the form of a set of chronome, 
e.g., rhythm characteristics and trends) of the given person; 

6. To concomitantly monitor, at first within the scope of 
research, variables in the environment (temperature, light intensity, 
noise, magnetic fields, etc.), to permit the optimization of health, 
safety and performance by the manipulation of environmental fac-
tors acting as synchronizers and/or influencers of chronomes (4), 
notably of multifrequency physiologic rhythms, and also of trends; 

7. To do so for reference value collection from womb to tomb, 
starting in the neonatal intensive care unit, where the development 
of premature babies is readily assessable (on the premise that opti-
mal chronome configurations in early extrauterine life may predict 
risk as a minimum and may prompt as an optimum the institution of 
measures, yet to be developed, toprevent undesired long-term con-
sequences affecting the rest of the lifespan). 
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It is resolved 
by the New SIRMCE Confederation to approach as an interdiscipli-
nary team the Decision-Making Centers, their Executive Bodies and 
the general Population to act by chronobiologic education and to 
raise the consciousness of chronobiology at local, national and inter-
national levels, promoting the dissemination of existing chronobio-
logic knowledge and its implementation in practice, far beyond the 
illustrative but urgent focus upon dealing with the prevention, diag-
nosis and timed treatment of blood pressure disorders. This resolu-
tion aims to change the status quo by all available means at all levels, 
including all pertinent entities (Decision Makers, Executive Bodies 
and general Population, including in particular elected officials). 

Participants: 
Jacqueline Billon, Dr., Université de Charles de Gaulle-Lille HI, Lille, France; 
Germaine Comélissen, Dr., Coordinator, International Womb-to-Tomb Chronome 
Initiative, University of Minnesota, 5-187 Lyon Laboratories, 420 Washington Ave. 
S.E., Minneapolis, MN 55455, USA; R.J.E. Erasmus, Professor, University of Pretoria, 
Pretoria, South Africa; Linda P. Estrada, Professor, E.A.R.I.S.T. Philippines; Jozef 
Antoni Haber, Professor, Vice-Chairman, United Nations Association, Poland; Franz 
Halberg, Professor, University of Minnesota, Minneapolis, MN 55455, USA; Steffen 
Klein, Dr., President, New SIRMCE Confederation, 29, Square Larousse, 1060 
Brussels, Belgium; Jaroslav Lener, Professor, National Institute of Public Health, 
Prague, Czech Republic; Miroslav Mikulecky, Professor and Head emeritus, 1st 
Medical Clinic, Faculty Hospital, Comenius University, Mickiewiczova 13,81369 
Bratislava, Slovakia; Bernard Millet, Professor, Université de Franche-Comté, 
Besançon, France; P.C. Misra, Director, Indian Institute of Youth and Development, 
Phubani, India; Olga Quadens, Dr., IASB/BIRA, 3 Avenue Circulaire, B-1180 
Brussels, Belgium; Uwe Stocksmeier, Professor, Krankenhaus Bernried, Am 
Springbrunnen, Dorfstr. 28, 82347 Bernried/Stamberger See, Germany; Douglas 
Wilson, Dr., President emeritus, International Society for Clinical Biostatistics and 
Chairman emeritus, British Society for Chronobiology, ADAS Biometrics Unit, 
Rivershill House, St. George's Road, Cheltenham, Glos. GL50 3EY, UK 

Further endorsers and/or contributors: 
Prof. Olga Quadens (v.s.) and Prof. Miroslav Mikulecky (v.s.) translated this resolu-
tion into French and Slovak, respectively; Jarmila Siegelova, Doc. MUDr., DiSc., 
Associate Professor; Bohumil Fiser, Doc. MUDr., Professor, CSc LF MU, and Jiri 
Dusek, Dr., Masaryk University, Brno, Czech Republic, translated this resolution into 
Czech (Rezoluce SIRMCE, AmireporT 2:105-106,1995); Miguel A. Revifia, Ph.D., 
Carmela Rodriguez, M.D., Miguel Revifia Jr., Emilio Revilla, University of Valladolid, 
Spain, demonstrated family rhythmometry (Familial monitoring of blood pressure 
and heart rate, in press), produced Chronomova, a computer program for its imple-
mentation, and translated the evidence in the figures of this resolution into Spanish 
with Alvaro Ronco, M.D., National Cancer Registry Montevideo, Uruguay, who 
translated the text; Rina M. Zaslavskaya, M.D, Chief of Cardiology, Moscow Hospital 
#60, Moscow, Russia, and Professor of Hospital Therapeutics, Medical Institute, 
Aktyubinsk, Kazakhstan; Brunetto Tarquini, M.D., Director, Cattedra di Medicina 
Interna, Istituto di Clinica Medica Generale e Terapia Medica iv; Umversità degli 



Studi di Firenze, Florence, Italy, had organized consensus meetings with similar reso-
lutions at international conferences, two of them on clinical chronobiology in Monte 
Carlo (March 17-20,1988, and April 10-13,1990) and one in Florence (November 
1990) following meetings with presentations on the blood pressure chronome orga-
nized by Dr. Pave! Prikryl, Professor of Internal Medicine at Masaryk University, 
Brno, in Brno (April 9-10,1990) and in Mostiste (May 22-23,1991), then 
Czechoslovakia, soon after the chronome was named and the chronome initiative 
realized with the late Norberto Montalbetti, Professor of Clinical Chemistry, 
University of Milan, at the XIV International Congress of Clinical Chemistry held in 
San Francisco from July 22-26,1990; Patrick Delmore, BFA, Director of 
Communications, Medtronic Inc., Minneapolis, Minnesota, USA, graphically pre-
pared the evidence underlying the resolution in the accompanying illustrations. 

The need for recycling 
In human data-gathering, it is an advance to look at circadian pat-
terns, but without a view of the broader chronome of multifrequency 
rhythms and trends, the analogy to at least some of the water spilling 
from the midsection of Baron Munchhausen's horse still stands (as 
long as the information is not further recycled). It seems short-sight-
ed to ask merely whether agiven drug raises or lowers the blood 
pressure when strokes may be prevented by treating an excessive 
swing in blood pressure around seemingly acceptable 24-hour aver-
ages of pressure. The effect of a drug upon the mean is most relevant 
in the case of an established MESOR-hypertension, an elevation of 
the rhythm-adjusted mean, assessed from systematic measurements. 
The MESOR usually provides a more precise and more accurate esti-
mate of location than the arithmetic mean. Dr. Kuniaki Otsuka has 
demonstrated a very high risk of ischemic stroke and nephropathy 
when MESOR-hypertension is complicated by a circadian amplitude 
of blood pressure above the 90th percentile of peers (34). Even for 
patients with a MESOR of systolic/ diastolic blood pressure below 
130/90 mm Hg, an excessive circadian amplitude represents a high 
risk for these conditions (3; cf. also 34). Drug effects upon excessive 
amplitudes of circadian or circaseptan rhythms, demonstrated by Dr. 
Yoshihiko Watanabe (Proc. X National Symposium, Indian Society 
for Chronobiology, Pune, India, August 21-22, 1995, in press), are also 
important for the prevention of strokes (see pp.  38-41). 
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Scheme 1. Abstract demonstration of the amplitude on top. This 
endpoint is a measure of extent of predictable change, recurring with 
a certain period; when the period is 24 hours, the amplitude can be 
described as circadian. Note that the total predictable change within 
24 hours is the double amplitude. In the also-abstract bottom part of 
the graph, an excessive amplitude is demonstrated, without any 
change in overall mean. © Halberg. 

Figure 1. Out of 1943 individuals in this study who received a 
placebo, 48% responded to this "treatment", most of them within less 
than a year (8). A high percentage of responders to placebo renders it 
likely that "office hypertension" or "white-coat hypertension" associ-
ated with the excitement of one or a few visits to a physician's office 
leads to the entry into large-scale studies of many false positive 
cases. A substantial error in diagnosis may well be made, not only at 

 the outset of a study in tern of false positives entering the study, 
but also at the final evaluation in which the ratio of "cured nor-
motensives" is likely to be complicated by a substantial number of 
false negative diagnoses. Similar errors in diagnosis are likely to 
occur in the general practitioner's office when relying on isolated 
blood pressure readings. © Halberg. 

Figure 2. The traditional approach is unsatisfactory in view of 
the meta-analysis of Wilcox et al. (9) who suggest that clinical prac-
tice should not be based on results of such clinical trials. This should 
be more than a hint to include in future such studies minimal 
chronobiologic provisions before justifying a total cost of hundreds 
of millions of U.S. $. © Halberg. 

Figure 3. There is a large overlap between the distributions of 
MESORs (rhythm-adjusted means) of systolic blood pressure of 
patients conventionally diagnosed as normotensive or hypertensive 
(11). False positives and false negatives account for about 43% of all 
conventional diagnoses. © Halberg. Data of I. Kuwajima. 

Figure 4. Three around-the-clock blood pressure profiles at 
intervals of a few weeks on presumably normotensive individuals, 
lasting between 2 and 4 days, indicate that systolic blood pressure 
excess is found in 11 of 23 patients (48%), but consistently only in 
three of them (13%). Since deviations may be detected in one profile 
but not in all three profiles, blood pressure monitoring over minimal 
spans of 1 week is suggested (12). © Halberg. 

Figure 5. Large decreases in blood pressure can occur sponta-
neously that warrant the cessation of anti-hypertensive medication. 
(41) (a). There are also day-to-day changes in circadian amplitude of 
blood pressure, observed in the case of a 33-year-old neurosurgeon 
(b) and of a 63-year-old woman under conditions of restricted activi-
ty (c). Some of the trends in blood pressure recur every year, as seen 
in the case of a 70-year-old psychiatrist who shows a circannual 
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rhythm in his blood pressure with an unusually large amplitude (d). 
These and other (e.g., Figure 4) results, notably from long-term 
ambulatory monitoring, underlie the suggestion of a minimal 7-day 
monitoring span, repeated quarterly for at least one year and, if need 
be, for even longer-term if not continuous self-monitoring. © 
Halberg. 

Figure 6. Changes in circadian pattern of systolic and diastolic 
blood pressure and heart rate as a function of age from newborns to 
centenarians (males). Each curve represents hourly means averaged 
over all individuals within a given group. Data from the 
International Womb-to-Tomb Chronome Initiative. © Halberg. 

Figure 7. A larger amplitude of blood pressure is found in chil-
dren with as compared to those without familial antecedents of an 
elevated blood pressure and related vascular disease. © Halberg. 

Figure 8. Reliance on casual blood pressure measurements is 
undesirable because blood pressure abnormality may occur at odd 
times of the day or night, when it is unlikely to be checked, as docu-
mented here for the diastolic blood pressure of a patient treated once 
a day in the morning. The automatic, ambulatory monitoring of 
blood pressure of this patient revealed nightly elevated values in 11 
of 12 monitoring spans, each of 24 hours, recognized as excess 
(blackened area), by comparison of the patient's profile with the 
time-specified upper 95% prediction limits of peers. Because both the 
duration and the extent of excess are accounted for, excess is 
expressed in mm Hg x h; it is calculated herein over consecutive 3-
hour spans covering an idealized 24-hour cycle; hence, it is denoted 
as the "3-hourly fractionated hyperbaric index". Such a diastolic 
blood pressure excess for several hours around midnight in this diur-
nally active, nocturnally resting man should prompt concern and 
added timed treatment. © Halberg. 

Figure 9. Relative risk of ischemic stroke and nephropathy in 
patients with an excessive circadian blood pressure amplitude by 
comparison to risk of patients with an acceptable circadian blood 
pressure amplitude. For different classes of the 24-hour mean 
(MESOR) of systolic blood pressure, even below 130 mm Hg, an 
excessive circadian blood pressure amplitude is associated with a rel-
ative risk larger than 1, that is with an increase in risk of ischemic 
stroke and nephropathy. This increase in risk is statistically 
significant for normotensivepatients, as illustrated by the fact that 
the 95% confidence interval does not overlap 1 (equal risk). A relative 
risk of 3.4 represents an increase in risk by 240% (e.g., for the case of 
ischemic stroke of patients with a MESOR of systolic blood pressure 
between 140 and 150 mm Hg). © Halberg. Data of K. Otsuka. 

Figure 10. Relative risk of ischemic stroke for various risk fac-
tors computed as the ratio of the incidence of ischemic stroke that 
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occurred in patients presenting with the tested risk factor by compar-
ison with that in patients not presenting with the tested risk factor. 
Results of a 6-year prospective study on 297 patients indicate that the 
risk associated with an excessive circadian blood pressure amplitude 
is larger than that of all other risk factors considered (obesity, high 
cholesterol, male gender, drinking alcohol, having familial 
antecedents with high blood pressure or adverse vascular event, 
smoking, age above 60 years, and an elevated mean blood pressure 
value). As compared to patients with an acceptable circadian blood 
pressure amplitude, patients with an excessive circadian diastolic 
blood pressure amplitude have a risk of ischemic stroke 8.2 times 
larger (i.e., they have an increase in risk of 720% to develop an 
ischemic stroke). © Halberg. Data of K. Otsuka. 

Figure 11. Relative risk of ischemic stroke associated with an 
excessive circadian blood pressure amplitude. In order to test for any 
interaction of the risk from an excessive circadian blood pressure 
amplitude with that from other known risk factors (obesity, high cho-
lesterol, male gender, smoking, consumption of alcohol, familial 
antecedents, old age and MESOR-hypertension), the relative risk was 
computed in subpopulations notpresenting with the tested risk fac-
tor other than the circadian blood pressure amplitude. In each case, 
an excessive circadian blood pressure amplitude represents a larger 
risk factor for ischemic stroke than the tested risk factor. The fact that 
the 95% confidence intervals almost invariably do not overlap 1 indi-
cates that an excessive circadian blood pressure amplitude raises the 
risk of ischemic stroke statistically significantly, irrespective of the 
effect of the other risk factor tested. © Halberg. Data of K. Otsuka. 

Figure 12. Separate comparisons of results from once-traditional 
treatment with equal doses three times a day versus time-targetted 
(chrono-)therapy for propranolol, clonidine, and a-methyldopa: each 
comparison involves 40 patients, randomly assigned to either tradi-
tional treatment or chronotherapy (20 patients per group). 
Chronotherapy consists of drug administration 1.5 to 2 hours before 
the circadian peak(s) in systolic blood pressure, determined after 
synchronization for 3 days of each untreated patient with the hospi-
tal routine. The single initial dose selected for chronotherapy consist-
ed of 50 to 70% of the dose used for traditional treatment. With this 
"handicap for chronotherapy design", patients were matched by 
stage of disease and, as possible, by age, gender, and clinical signs. 
Daily morning blood pressure measurements, and a diary by the 
patient listing any headache, chest pain, dizziness,  palpitation, 
insomnia, or other symptoms helped in assessing the time to the 
appearance of the desired effect and the incidence of side effects, 
respectively. The 24-hour profile of systolic blood pressure was 
repeated after 2 weeks, the dose of the drug being changed in the 
interim if and as needed. A clinically stable hypotensive effect was 
detected earlier for chronotherapy as compared with traditional ther- 
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apy, with, on the average, smaller doses and greater efficacy. Side 
effects from treatment were reduced in the case of chronotherapy 
(35). These pioneering results must not be extended to ACE 
inhibitors and calcium antagonists, drugs with other chronopharma-
cokinetics. The design in these studies is best replaced by longitudi-
nal monitoring (Figure 18). © Halberg. Data of R. Zaslavskaya. 

Figure 13. A 33-year-old neurosurgeon diagnosed conventional-
ly as moderately hypertensive reveals large variation and the need 
for dense and long sampling in order to approach the dilemma 
whether to treat or not to treat. Original data of Dr. J.C. Menéndez 
analyzed by Dr. A. Portela. © Halberg. 

Figure 14. The conventional interpretation of the data collected 
during office hours by the 33-year-old neurosurgeon referred to in 
Figure 13 leaves one in a quandary if only 56% of the measurements 
are acceptable but 44% are found to be elevated over a 23-day moni-
toring span. © Halberg. 

Figure 15. The decision to treat or not to treat the 33-year-old 
neurosurgeon referred to in Figures 13 and 14 is the more difficult 
since during office hours most of his measurements (77%) are accept-
able on one day but are invariably too high on another day. © 
Halberg. 

Figure 16. Control charts of daily mean values of blood pressure 
and heart rate computed on all data collected at 15-minute intervals 
are shown with a shaded decision interval. While the series of daily 
means is proceeding "in control" (i.e., at the pre-treatment mean 
level), the cusum comprises two line graphs that generally stay with-
in the "decision interval" limits, which are plotted here as the hori-
zontal lines at 4.4 and -4.4 SD. Two curves signal increase and 
decrease in mean, respectively. When the dashed curve breaks out of 
the decision interval boundary, it provides the rigorous validation of 
the decrease in daily blood pressure mean. The time at which the 
mean changed is estimated by tracking the line segment leading to 
the breakout back to the last occasion on which it lay on the horizon-
tal axis. Thus, in the case of systolic blood pressure, the breakout 
occurs on day 30 (16 days after the start of lisinopril treatment) and 
the shift in pressure is estimated to have occurred on day 22 (8 days 
after lisinopril treatment started). © Halberg. 

Figure 17. Control charts of decimated time series based on sin-
gle daily measurements (top, left and right; bottom left) or on a mean 
of three daily measurements (bottom right) of blood pressure and 
heart rate are shown with shaded decision intervals for a shift in 
location index. Whereas single daily measurements are insufficient to 
reach a consistent decision whether lisinopril was effective, such a 
conclusion can be made when three daily measurements are used. © 
Halberg. 
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Figure 18. In many circumstances the data are collected or are 
amenable to being collected over time but the information is discard-
ed after a mere visual inspection of a monitor's recording. Adding 
chronobiologic analytical procedures for the on-line processing and 
interpretation of the data would provide individual reference stan-
dards for rhythms with lower and lower frequencies while also pro-
viding continued check-ups capable of detecting the earliest rhythm 
alterations indicative of a heightened risk and thus enabling the 
prompt institution of treatment when indicated. (The analogy that a 
single 24-hour cycle from a circadian viewpoint corresponds to the 
radial pulse based on a single heartbeat [421 has now been shared by 
others [43].) © Halberg. 

tPresented by Franz Halberg and Germaine Cornélissen on March 17, 1995, at a meeting 
in the Royal Crown Hotel, Brussels, of the New SIRMCE (International Society for 
Research on Civilization Diseases and the Environment) Confederation; discussed on that 
day, when Douglas Wilson moved that the resolution be made into an action item of the 
Society for presentation and implementation at the World Health Organization and other 
bodies specifically concerned with blood pressure disorders. The motion by Dr. Wilson 
and the resolution as a whole were unanimously approved after further discussion on 
March 18, 1995, at the conclusion of the SIRMCE meeting. 
2The science of chronobiology (1-3) quantifies the time structure characterizing each 
physiologic variable, its genetically anchored and mostly environmentally synchronized 
chronome (4). Thereby, one gains new infornation and thus a new dimension to the care 
of one's health and the integrity of one's environment. The importance of chronobiologic 
information has been compared with the importance of the energy released by splitting 
the atom (3). This science ushers in a new era by allowing one to do more than asking 
only whether a time-unspecified measurement or a series of such casual measurements or 
even a series of systematic measurements covering a day or a week is too high or too low. 
Instead, one can rely on a rhythm-adjusted mean (the MESOR) that as compared to the 
arithmetic mean is more accurate and more precise. As a dividend (which may be more 
important under certain conditions than the best average value), chronobiology also pro-
vides new information on the extent of predictable since rhythmic changes (the double 
amplitudes) and on the timing of regularly recurring high values within anticipated 
cycles (the acrophases), and on other indices of random or overall variability such as the 
standard deviation (SD). 
The new information on acrophase applies to the treatment of most if not all diseases, so 
that timing is added to dosing, for instance in treating cancer or blood pressure disorders. 
A very great promise of the new endpoints, the amplitude in particular, lies in the 
cerebro-, reno- and cardiovascular fields. Relatively inexpensive, manually activated 
devices, e.g., for blood pressure measurement, have been available for a long time. New 
automatic monitoring and treatment devices are also available and can be further perfect-
ed or will become available as hemodynaniic analyzers in the near future, and await 
application in preventive as well as curative health care. 
For the case of the monitoring of environmental integrity, variables such as peak expirato-
ry flow could be measured and the series analyzed chronobiologically with instrumenta-
tion available only for manual measurement and not yet for automatic ambulatory moni-
toring. Whether the physiologic monitoring is done by self-measurements or by automat-
ic devices, emphasis can be placed on self-help and self-responsibility in health and envi-
ronmental care, achieved via a chronobiologic analysis with refined endpoints. The data 
can be interpreted in the light of time-specified reference values derived from large data 
archives that have accumulated over the last four decades at the Chronobiology 
Laboratories of the University of Minnesota, Minneapolis. 
31ncluding a former head of the Hypertension-Endocrine Branch of the U.S. National 
Institutes of Health (NIH) and subsequent Director of the Clinical Center at NIH, as well 
as other senior professors of internal medicine (14-16). 
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Table 1 

FIXED THRESHOLDS' CAN RENDER THE OFFICE BLOOD PRESSURE (BP) EQUIVALENT TO 

FLIPPING A COIN; SO DOES VARIABILITY (AS SHOWN ELSEWHERE) 
When the 24-hour average of blood pressure (HP) is 125175 (systolic (S]/diastolic [DO, very many office 

measurements will exceed limits 

S/DBP Daily Span (hours) Measurements> 140/90 mm Hg (%)2 
MESOR (mm Hg) with SBP/DBP>140/90 mm Hg during 24 hours 	during office hours 

120170 0 0 	 0 
125/75 5.52 23.00 	 41.78 
130/80 8.00 33.33 	 44.44 
135/85 10.07 42.00 	 67.06 
140/90 12.00 50.00 	 77.78 

1. Best replaced by chronodcsms, i.e., 90% peer prediction limits for single samples and chronome 
characteristics. 
2. Percentage of BP values above or below NIH-WHO-WHL limits of 140/90 mm Hg (systolic/diastolic 
BP) expected to occur within a 24-hour span or during office hours (08:00-17:00), assuming a circadian 
amplitude of 20 mm Hg, near the upper 95% prediction limit of healthy peers and an average acrophase in 
mid-afternoon (around 16:00), with SEP MESORs ranging from 120-140 and DBP MESORs from 70-90 
mm Hg. 

LIMITATIONS IN DEALING WITH BLOOD PRESSURE (BP) INTERPRETED BY FIXED LIMITS 
(AND CASUAL MEASUREMENTS OR AUTOMATIC OFFICE HOUR PROFILES) 

Need for Time-Varying )Chronodesmlc) Limits to Evaluate BP Status: 
In the Absence of Any Measurement Error, the Circadian Rhythm in BP Results in Contradictory Diagnoses 
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Scheme 1 

Amplitude, A 

Hail of Total Predictable Change In Rhythm, Defined by Rhythmic 
Function Fitted to Data; Expressed In Original or "Relative" Units, 
e.g., as Percentage of Series Mean or NESOR. 

Excessive Circadian Blood Pressure Amplitude 
(e.g., Circadian Amplitude Hypertension)* 
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- A - 
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0' 	.190' 	M. 	 0' 	.190' 	-360' 

Amplitude deviating outside reference limits. 	 CC 9/94 

A larger circadian amplitude of blood pressure characterizes newborns 
at term and adolescents 1) with a positive vs. negative family history 
of high blood pressure and/or related vascular complications and 2) 
with vs. without exposure in utero to betamimetic drugs. In adult-
hood, a larger circadian amplitude of blood pressure is found in an 
intermediate group formed on the basis of cardiac left ventricular 
mass, in the absence of any elevation in blood pressure MESOR and 2) 
an excessive circadian blood pressure amplitude carries a very large 
risk of ischemic stroke and nephropathy (Figures 9-11, pp.  29-31). 
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"CONTROL" GROUP (N = 1943) OF A 

THERAPEUTIC TRIAL IN 
MILD HYPERTENSION* 

Start 

(Screening) 

Range of DBP (mmHg) 95- 109 (Mean, Y = 102) 

After 3 Years Of Placebo Treatment 

End 
(3 Years  
Later) 11  il 

8% 12% 

Ischemlc 	109 

Coronary DBP 
Heart (mmHg) 

Disease 

Or Stroke 

32% 	 48%** 

95-109 	 •95 
DBP 	 DBP 

(mmHg) 	 (mmHg) 

V=91 

• Cost: $60 million. 

Those 'cured with placebo include placebo-responders and/or 
those falsely diagnosed as "hypertensive" at the start and/or 
falsely diagnosed as normotensive at the end of study. 

CC 92 

Fig. 1 
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ELDERLY CONVENTIONALLY DIAGNOSED AS 
"NORMOTENSIVE" (0; N = 39) AND HYPERTENSIVE" (.; N = 20) 

SHOW ALMOST IDENTICAL RANGES OF SYSTOLIC 
BLOOD PRESSURE MESORS 

30-, 

Mean = 128 	False Negatives 

20-I 

10-4 

DO 

0 80 90 100 110 120 1301140 150 160 170 180 
I 	 'Range 190-1701 

False Positives 	 Mean = 141 
(25%) 

HH
II 

0 80 90 100 110 120 130 140 150 160 170 180 
' Range [100-170] 

SBP-MESOR (mmHg)" 

• Misdiagnoses by loose World Health Organization criteria applied to casual 
measurements 0162-90 year old men and women. Systematic chronoblologic 
self-monitoring (manually or, preferably automatically) by everybody Is needed. 

MESOR = rhythm-adjusted 24-hour mean. 

CC 3/93 

Fig. 3 

U 
C 

30 
a- 

20H 

10 

0- 

Original data of I. Kuwajima 
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Blood pressure disorder missed in 4-day around the 
clock record in patients 7, 9, 11, 14, 19, 20 and 24 

BLOOD PRESSURE (BP) EXCESS IN 23 PRESUMABLY 
NORMOTENSIVES MONITORED FOR 9 DAYS* 

Appointment: 1 2 3 

Patient SOP 	I 	DBP SBPuDBP SEP 	DBP 
N/Gender/Ace 

1M37  
2F47 _____________ _______ 10 mmHg 

3M62  
4F29  
5M36 - ___ 
6 F3 100 

7M34 _____ ____HhdUrWq 
8M44 ________________ _________ _____________ 241. 

9M41  
10F42  
111461  

12U42  
13M40  
141453  
151437  
16 M64  
181457  
191430  

20 P28 
21 P50 
22F34 ___________ ______ _________ 
23F34 _____________ _______ IDay 

24 P31  

• Each for 4, 2 and 3 days bracketing three consecutive dental appointments; 
results of SP excess shown only for patients with excess above 50 mmHg x it 
during 24 h. SBP = systolic BP DSP = diastolic BP. 

CC 10,93 

Fig. 4 

Original data of F. Raab 
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SELF—MEASUREMENTS IN ELDERLY 
WOMAN REVEAL DRASTIC CHANGES 

IN SYSTOLIC BLOOD PRESSURE (SBP) 
WITH AGE* 

Chronogram Hypertension? 

200 
_X;  

IL 
ca 

100 

79 	80 81 	82 	8 3 	114 	85 	86 	87 

Age (Years) Hypotension? 

MESOR (M) 

205 
-Move to U.S.A. 

TI 
IXI 

SE of 

 

10 
cn 

1973 1974 1975 1976 1977 1978 1979 1980 1981 

Time (Calendar Date) 

• 14,046 SBP measurements; serial section at trial period 0124 hours 

over non-overlapping 158-hour Intervals. Trinimeridian flights over 

7 time zones are shaded; sntihyperlenslve medication up to 1978 

Fig. 5a 

Original data of M. Haus 

22 



A. 

I 	J!<l 

LARGE DAY-TO-DAY VARIABILITY IN CIRCADIAN 
CHARACTERISTICS OF BLOOD PRESSURE (BP) 

REVEALS INSUFFICIENCY OF PROFILE 
LIMITED TO 24 HOURS* 

August 16, 1994 	September 30, 1994 

Systolic BP (mmHg) 
180j .,

Office 
Hours 

1601 
MESOR, 

140- M 

120- 

too- 

Diastolic BP (mmHg) 
115 

95 

75 

0 
00:00 	08:00 	16:00 	00:00 00:00 08:00 

Time (Clock Hours) 

JCM(U,33y) 
1. From NO01 *quality of MESORS; 2. From test of equality 

of circ.dIn WflpIIIUdeS. 

F19. Sb 

16:00 	00:00 

Original data of J. C. Menendez, analyzed by A. Portela 
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Surveillance in more than one season may help 

LARGE CIRCANNUAL AMPLITUDE [AWAKENING SYSTOLIC 
BLOOD PRESSURE (SBP) IN ONE SEASON LOWER THAN 

DIASTOLIC (D) BP IN ANOTHER SEASON] WARRANTS 
DIFFERENT HANDLING IN SUMMER VERSUS WINTER* 

160 

140 

SBP - DBP 

f Overlap 

E 80 

60 

0 
Jan 	Mar 	May 	Jul 	Sep 	Nov 

Time (Calendar Date in 1994) 

Percent 	MESOR 	Double Amplitude Acrophase 
N = 37 	P-Value 	Rhythm 	± SE 	 ± SE (95% Ct) 

SBP 	<0.001 	87 	122.5 ± 1.2 	48.8 ± 3.5 Aug 26 (Aug 17, Sep 4) 

DBP 	<0.001 	72 	74.6 ± 1.2 	28.8 ± 3.3 

• Large amplitude of circennual BP rhythm in untreated patient (SN, M, 70 y) uaIf.m.aeoring 

Sep 4 (Aug 17, Sep 15) 

imnrediatrdy after awakening;  ® . ® measurements taken In physician's office In the afternoon; 
SE = standard :—r; Cl = confidence interval. 

Fig. 5d 
CC 1204 
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Reliance only on clinic measurements can be misleading. 
Measurements are taken in the office only. 

ODD-TIME DIASTOLIC BLOOD PRESSURE (DBP) 

EXCESS (.) WITH TREATMENT IN THE MORNING* 

130 

120 

110 Patient's Profile (—) 

1 SE of j 

ean 

90% Prediction Limits 

3-Hourly 

Fractionated 
Excess: 	113 mmHg x h During 24 h 

I 	 I 
00:00 	06:00 	12:00 	18:00 	00:00 

Time (Clock Hours) 

DJ (M, 78-y) taking daily" 10 mg Vasotec (ACE-inhibitor); sizeable DBP 
excess at times when it would usually be missed. 

CC 393 

Fig. 8 
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AN EXCESSIVE CIRCADIAN BLOOD PRESSURE (BP) AMPLITUDE (A)* 
IS A RISK FACTOR FOR ISCHEMIC STROKE AND NEPHROPATHY 

INDEPENDENT FROM THE 24-HOUR MEAN (MESOR)** 

Jschemic Stroke 
1000 

Systolic (5) BP 

100 	
Diastolic (D) BP 

to- 

Nephropathy 	 Equal Risk 

1000 
cc 
a, 

100 	 Mean and 
95% Cl 

10 

0.1 

SBP-MESOR: x130 130-140 140-150 150-160 160 
(mmHg) 

NotPatients: 	121 	 99 	 39 	 20 	 18 

Above 90th percentile of peers. 

Results of 6-year follow-up study of 297 patients. 

Relative Risk (RR) is risk of patients with an excessive circadian SP-A relative 
to risk of patients with an acceptable circadian BP-A (whose RR = 1). 

CC 11 14 

Fig. 9 

Original data of K. Otsuka (34) 
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An excessive circadian amplitude of diastolic blood pressure represents a 
720% increase in risk of ischemic stroke (see last column on the right) 

AMONG RISK FACTORS, AN EXCESSIVE CIRCADIAN 

BLOOD PRESSURE (BP) AMPLITUDE (A) RAISES THE 

RISK OF ISCHEMIC STROKE MOST 

Fourfold Increase 

20 	 Risk with an 
Elevated BP Mean 

10 

to ft 
.E 5 

(1 
a, 	

• 	 Diastolic 

C * a, 

C 
02 
0 Systolic 

 
BP 8) 

a, 
• Swingers 

a, 

1I2 	 EU8lf 

In Risk with in Excessive 
Circadian BP-A 

Risk 	 Six or Eightfold Increase 

1/5 

	

— o 	 tq. aaeaw 
Risk Facto,: 	t5ke' C*S 	4 DE88C W4OñtP 500884 flyw. 	Wl9 	v•tø 

Not P.U.M. 
Risk Present: 88 	148 	152 	102 	207 	50 	52 	176 	32125 

Absent: 209 	149 	145 	195 	90 	217 	245 	121 	2651272 

BMI (Body Mass Index) correlates positively with BP-MESOR. 

Drinking increases BP-A. 
Relative Risk (RR) is risk of patients with risk factor (e.g., smoking 
or excessive BP-A) present relative to risk of patients with risk factor 
absent (whose RR = 1) computed as a ratio of Incidences. 

CC 1194 

Fig. 10 

Original data of K. Otsuka (34) 
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EFFICACY, SAFETY AND COST-EFFECTIVENESS 

OF CHRONOTHERAPY (CT) VERSUS TRADITIONAL THERAPY (U) 

WITH THREE ANTI-HYPERTENSIVE DRUGS' 

19) 
'00 

With 
rr Lon 

SOP 

10 
Increased 
Efficacy 

20 
Rx Propranoloi CIoiIdIn. 	 a.Msthyldoça 

Appearance of Dashed Effect 	
12 	

OVSOdMIQS 	ConipIlcatloni .60 

10 	 _ 	 10 s.,o.e poo. 	 50 

— 
I 	 WhhPswst 8 	I 	 S 	 ..r 	 40 

J. 	 FSSISc 	 0(0. Enacts 	, 
Rconss; 

01 
3 	

Uj LI 
2'  ' 0 

20 p.0.n,. 50 9oo0 hypo.n*v. 	p,on00000d on CT 0., TT (P 0.00) 
SOP • .y.toIk blood p,.000. DBP • dIaIblk blood p,...o,. 

(I = p,op,000(ol; 2 cIo.0.In.; 3 =o..00thy)d000; - TT - CT (20 5.0.01* per 9.209) 

CC 10)91 

Fig. 12 

Data of R. Zaslavskaya. 
For other aspects of chronotherapy, see pp.  36, 37 and 41. 
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0* 1140(5 lIi0h thsh lip 

STAGFSOFHIGHBP 
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1003) lisp: 	 44% 
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N 

0 III l20l2 130.139 4144 

054 15%' 15% 47% 

8441 8% 

it 11 II  
4(4 

If 
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MMMMM 

Totals: N=77% 	H=23% 	N=0% 	H=100% 
Normotension? 	 Hypertension? STAGES OF HIGH III' 

/ 

Flipping a Coin 
01230 ambulatory blood pressures (BP) measured automatically during 23 days, 

about half are acceptable (56%) and half unacceptable (44%)* 

CLASSIflCOTION FOR BPIN POPVIATION 	 41CM. %(d.( 

• Ssosoa .4003.old 	63,00011 ((CMI. nglo. I11os ,asioo by pno.adsng onsonaIbfl(0( 9iii.NIILBI (No l(OP 10sp SI': 
I-I hypononoon .soo 1-4).51h irpo., of 11. loaM N.uonaJ Coo,rnoioo on Ocuosison. Foalusira. and lrea000nl olilop Blood Pio,00nc 
115111 l'ol4oa3,o.. (5IoOS.l0*8u 
Mosaao.hYABPM.&0(C0IOM&li01na.uonus(Koola(a,Japaalbonull94X((n 174030fl,g.io.L.d.y,.lO3lfluOI300flkolOafl. 

Fig. 14 

A single 24-hour blood pressure (BP) profile: 
fool's gold, not gold standard* 

oI:o;Iv1 (6(4053CM. ('5 	 SLPTLMB4R (5(40530,0, 
CLASSiFIC4TiON lOB Ill' 

MMMMM 
MMMMM 
MMMMM 
MMMMM 

0140 140159 181.139 III.... 

<it 63% 
62 654 

I,  
25% 12% 

' 
101.149 

110... 
11(5 5,0 45-4 fl(4 

• Mnal,00nu,,i ,5ny ,,oM11odoAoa(5oonsI09 W.I7:05I,b 3,s 411o,TuooBlo.by 33.y53i.0(ds113, (JCM(oni11<ds(bn0n3 d3Y0. 
000po03ul.N0110umdI:IIN. high nonnal.iI. high iooIasa.rs0000nnIBP for .44.o i$po.nsodoldois..00  high BP; 
hl.b4shypou03oo1onaapo (.4aaclaas.rsasasa.ol.5a4.00fbspBPboo.dokS.5o I8ynmoidoMoia000nangIaNIll.Nl0.Bl. 
Oh n59011 oliN. 10031 Ni," Cao,ns000 ao 4,5.005.. ,o.Ioaiio.. 304 u,nsa.u,. oth.p OP NIH PsIuhosajo. Na 93-10641. 
Moasunsoano. by ABPM6SlColo Modàoai 10306.0,03  

Fig. 15 
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There is no alternative to a systematic chronobiologic blood 
pressure self-surveillance, notably in "borderline hypertension". 

ORATIO CONTRA MOREM PR3EVALENTEM ET PRO CHRONOBIOLOGICA 
RATIONE Al) PRESSIONEM SANGUINIS CURANDAM 

27432-5 

Interpretation by 140/90 mmHg (Systolic/Diastolic) 
Limit of Automatic Ambulatory Blood Pressure 

Measurements on JCM, M, 33 yrs 
During Office Hours Only (09:00 - 17:00 on Weekdays) 

Acceptable? 94/08/16 	94/09/28 	Over 23 Days 

Yes 	77% 	0% 	 56% 

No 	23% 	100% 	44% 

Treatment (Rx)? 	No 	Yes 	Non-Drug Rx 
with Further 

,,I 	
Monitoring 

CC 3155 

Two tables on the left of Figure 14 show the current classification 
used by the U.S. National Institutes of Health, the World Health 
Organization and the World Hypertension League, considering that 
systolic/ diastolic blood pressure values below 140/90 mm Hg are 
acceptable. On the basis of this classification, the tables on the right 
of Figure 14 and in Figure 15 summarize blood pressure readings 
obtained during office hours from the automatic ambulatory moni-
toring of the same subject. Over a 23-day monitoring span, 56% of 
measurements during office hours are acceptable. On one day 
(August 16, 1994), 77% of office-hour measurements are acceptable, 
whereas on another day (September 28, 1994), none of the measure-
ments (0%) are acceptable. This is a factual illustration of the theoret-
ical computation in Table 1 (p.  16) leading to the inference that a sin-
gle 24-hour profile can be equivalent to flipping a coin. 
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INDIVIDUALIZED ASSESSMENT OF A PATIENT'S RESPONSE 

TO LISINOPRIL (Rx) BY CUSUM (FH, M, 74y) 

Systolic Blood Pressure 	Mean Arterial Pressure 

6 

4 

2 

0 

-2 

0 

0 

0 

C 
0 
, 4 

-4 

-6 

-81  

ftnalling 
Increase In Mean 

— Ri start 
(5 mg/y 
around 0630) 

\ / I 

Lower Limit 
Signalling 

Decrease In Mean 

- Increme 

--- Decrease 

L 

0 

IN 

Diastolic Blood Pressure 	 Heart Rate 

0 	10 	20 	30 	40 0 	10 	20 	30 	40 

Time (Days) 

* Stand rd Deviation from CUSUU: It there Is displacement of 1 SD, It would be 
diagnosed by a slop, of (1 - 0.5=) 0.5 SD. 

CC 6194 

Fig. 16 

Note break-out from shaded decision interval of lower or upper 
curve signalling blood pressure decrease and heart rate increase, 
respectively. 
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A computer-implemented control chart can be based on minimal 
daily sampling specified after decimation of a denser record. 

WHEREAS SINGLE DAILY MEASUREMENTS DO NOT RELIABLY 
ASSESS INDIVIDUAL'S (FH, M, 74y) RESPONSE TO 

TREATMENT (Rx), A FEW STRATEGICALLY PLACED VALUES 
LEND THEMSELVES TO A CHRONOBIOLOGIC ANALYSIS 

AND CAN ACHIEVE THE TASK COST-EFFECTIVELY 

	

Upper LimO 	Lowon LImit 
Daily 	 Signuiiiog 	Signalling 
Measurement 	 Increase Decrew 
At: 	 08:00 	In Mean 	In Mean 	12:00 

R. Start 

SOP 	 Sep 	 MAP 

0F+H 	46 

	

HT'1 	flL 
01000 010200 0103 0102030 

0800, 12.00 and 20:00 

4 

0, 

-4  

8 	SUP 	 NAP' 

4j_ Hi 

: 4JooP 	 HR 

0 10 20 30 0 10 20 30 

- 	Increase -----Decrease 	Time (Days) 

• Standard Deviation from CUSUM: If there is displacement of I SD, It would be 
diagnosed by a slope of (1 -0.5 ) 0.5 SD; Rx = lisinoprll (5 mg/day, 
on awakening, in this case around 06:30). 

CC 8.4 

Fig. 17 
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CHRONOBIOLOGIC ANSWERS: 

Monitoring, analyzing and recycling 

P.ys.*oI.sta*. 	 &SA 	 $ - 
tofdWSP.ddSSi,t.0CCM. 

MtAStO 

BIogIc: 

7~ ____ 
 

Day jV   C) 
RECYCLING BY STEPWISE COMPACTING 
Of LLNGTH(PRNOWINDOWS WITH
SEQUENTIAL TEST 

Week and 

. 	 HftHtftfr, 
.5050ol 	R C,st. 	 .R,.c5.Oy . 

-lOop 	00 

yew I 	
WOOS OoOOOOOW 

15 	t 	 -INWOS 	OooOcst 	 I.. 
I--- --

-'to- 0OO5010B 

EXAMPLES OF PROGNOSTIC AND POSSIBLY PREVENTIVE VALUE 
OF BLOOD PRESSURE CHRONOME ASSESSMENT 

(Ooo.dooMg WINdOW for )nI.yvcytIon Woo, hOIst. toy...) 

	

Al-OS CI,O..S.NMNC),0dIa, 	CI.00000M OS050., 5.40.00 
Ant000.So.Cl,c.dOn 54004 Pyn.o— (UP) £WS*UdO(A 	AWp*oS (All-b 04 SystOlic 	Al-Oto(OOS. WOOd Pr...u,. (OP) 

&IIh. 55*00 ISCIWIWIC oyaaaThs, 	55004 P,...O.. 4W) to tony 	 sod.).. 01M1505410pn.oIoc 

AnyOtMy 50004, 01* floW 	 W!00050II.,050PEOO... 

EQW 
Amp— 

sop 	No v*t 

Biologic: 	Day 	 (Week and) Half-Week 	 Year 

Fig. 18 	
cc Was 
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-0.1±2.5 	-03±2.1 	41±19 	4.6±13 
0.006 	0.006 	01010 	0.001 

Tro.tmont 

30 

20 

10 

0 
cts.ng. 

P-Vu.: 

15 

10 

5 

LOWERING OF THE CIRCADIAN DOUBLE AMPLITUDE (2A) OF SYSTOLIC (S) AND DIASTOLIC (D) 

BLOOD PRESSURE (BP) IS  MATTER OF THE PATIENT AND DRUG DOSE (AND TIMING-) 

D..ug (D.Sy Dose; 
TIm. In Hours 	Captoçoll Retard IN • 13( 	 ASsnolol IN 6( 	 Long Acting C10t50101 IN a 111 
AOHOAo.k.nlng(: 	(373 mg; 1.5 and 133) 	 (50 mg; 1.5) 	 (16 mg; 1.6) 

20 

10 	 P=0.420 

0 

10 LJ
/  

LI. 0  
.20 * 
	 Mmn,d 66% O 

0 

DBP 110   u ___ 

A: 	
j 	j1IiJu 

P=0037 	 P=0.03$ 
-20 

PMnt: -m U 1010 701*10 1110 IT 1011 	PAY *11010 VI Ufl 

P 0.05 5.... Indtold.ol 000plOHO. (. r.. MIor. 0..1m.nt); Omlog .t1.d .homo 

F 
I 	 uiL 

omens 1111 IUIIIIL°
W  

EFFECT Of LONG-ACTING CARTEOIOI (IS mg/d.y) ON TWO CHROHOME 
COOHENTS OF SYSTOliC (S) MEAN ARTERIAL (MA), DIASTOLIC (D) 

BLOOD PRESSURE (BP) AND HEART RATE (HR) 

SBP (n,rnHg) MAP (mmHg) DOP (,..oH6( HR (1010./mm) 

Change 
iSE: 	-43±1.6 	-4.5±2.1 	-3.2±12 	-3.6±1.6 
P-Value: 	0.019 	0.056 	0.109 	0.075 

	

M0010InO 10... and of10 	01 30-/mI 1,10/ms for  10ys oIl; p/moO. 
cc 01* 

The usefulness of a chronobiologic 
approach is supported by the 
demonstration that certain antihy-
pertensive drugs can lower the cir-
cadian blood pressure amplitude. 
For instance, captopril retard and 
atenolol slightly reduce the circadi-
an amplitude of diastolic blood 
pressure but not that of systolic 
blood pressure, whereas a long-act-
ing formulation of carteolol 
reduces the circadian amplitude of 
both systolic and diastolic blood 
pressure (top). Numerically, the 
decrease in amplitude is larger for 
atenolol than for captopril and it is 
even larger for carteolol. Carteolol 
also reduces the circaseptan ampli-
tude of blood pressure (left). 

Findings of Y. Watanabe. 
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234767 

MESOR 	 0000)0 AUPUT000 
ID 

10 
.15 

:k1ff
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-10 

______________ 

 

i!ffi!H ::____________ 

SIP DSP 

ED 0  
_____ 

IWO ...: 	• 
Is  -________ (5*) .110 

.15 	 - 	.55 

Autogenic training, a relax- 	 1 	2 	3 TIlo. (rno0)h. on AT) 1 
	2 	3 

ation technique, can lower 
the circadian amplitude of 	

P L _Ew  

blood pressure in some 	
INDIVIDUALIZED ASSESSMENT (BY CUSUM) OF A PATIENTS INITIAl. RESPONSE AND patients. After one month on 	SUBSEQUENT FAILURE TO RESPOND TO AUTOGENIC TRAINING (AT) (SO. F, 59y) 

autogenic training, the 	 Systolic Blood Pressure 

;., 	 -- 	 MESOR 	 CircadionAroplltode 

P61,0 inoo4igo6dNo, I.?.,, 1)1). RI. SW. (0. fl. SW oodl(). onp15inly) 

OLASESUC 51.((4) PIIESSUIIE 

SYSST.,LIC 51.000 PRESSURE 

15)14)11) AMPLITUDE ISAI 
20 

— 	pU.0I6 

I 

.20 
1231767 

00651 1) AMPLITUDE CA  
20 

— 	p04(4 

'IS 

1234567 

SYSTOLIC (S) AND DIASTOLIC (D) BLOOD PRESSURE (BP) 

DURING 3 MONTHS OF AIJTOGENIC TRAINING (AT)' 

pressure amplitude can be 
validated on a group basis 	20 
(second column in top left 
figure). In 3 of 4 patients who S 10 

continued monitoring their 
blood pressure, the decrease 
in circadian blood pressure 	

10 
amplitude persists (at least 
up to 3 months) and is 
accompanied by a usually 

.,, XAPQ 

- 0.0,... 

01)9.. LImOSI9nIIIn9 
I—— In Moon 

V41 U.— 

(first column in top right 	
U A U J J A S 0 

N OF 
U A 	h.' U A U 0 0 0 S 0 N D J F U A 

T)rne (caterrdor dote) figure). Among the statistical- . 	 0,.. 	0, 50,0 	(p • .107. onIl -01) .0150 
ly significant effects, medical 
signification of the effect of autogenic training is apparent in MESORs and circadian 
amplitudes of patient KK alone. The initial lowering of MESOR and circadian ampli-
tude seen for patient EO, documented by a self-starting cumulative sum (cusum) 
control chart, is lost at a time coincident with a load (conflict with neighbors) 
(bottom). Autogenic training may be a useful technique to reduce the circadian 
blood pressure amplitude of some normotensive patients with an excessive circadian 
blood pressure amplitude who are at a much higher risk for ischemic stroke and 
nephropathy (see Figures 10 and 11, pp.  30-31). It remains to be seen whether a 
reduction of the circadian blood pressure amplitude by pharmacologic or non-phar-
macologic means can reduce the incidence of adverse vascular outcomes in patients 
with an excessive circadian blood pressure amplitude. 

Findings of Y. Watanabe. 
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160 

Chronotherapy to optimize treatment effects on 
MESOR and circadian amplitude of blood pressure 

INDIVIDUALIZED BLOOD PRESSURE (BP) CI-IRONOTI-4ERAPY 
Lower circadian double amplitude (24) and MESOR (M) after 

switching treatment time from 08:30 (left) to 04:30 (right)* 
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CONTROL CHART ASSESSES INDIVIDUALIZED 
ANTI-MESOR-HYPERTENSIVE CHRONOTHERAPY 
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The usefulness of a chronobiologic approach is supported by the demonstration that 
treatment with antihypertensive drugs can be optimized by timing. The same dose 
of the same drug can have different effects on the MESOR and circadian amplitude 
of the same patient's blood pressure when it is administered daily at a different 
circadian stage as seen by the naked eye in top graph. The practicality of a chrono-
biologic approach lies in the availability of inferential statistical methods for the 
rigorous assessment of intervention effects applicable to the individual patient as 
shown in bottom graph. 
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IMPEACHMENT OF CASUAL BLOOD PRESSURE (BP) MEASURE-
MENTS AND THE FIXED LIMITS FOR THEIR INTERPRETATION 
AND CHRONOBIOLOGIC RECOMMENDATIONS 
Germaine Cornélissen, Ph.D., and Franz Halberg, M.D., University of 
Minnesota, Minneapolis, Minnesota 

Abstract prepared by invitation for the meeting in Ferrara, Italy, of the New York 
Academy of Sciences, September 10-12,1995, 
amplified by reference to a table an2 figures in this resolution, prepared with Patrick Delmore, Director of 
Communications, Medtronic Inc., Minneapolis, Minnesota (phone 612-574-3725, fax 612-574-4563), to whom requests 
for reprints may be addressed 

The about 40% error in diagnosis associated with the current approach to BP 
likely stems 1) from reliance on one or a few readings taken in the physician's 
office when the within-hour standard deviation of BP is of the order of 7 mm 
Hg 111 and the within-day change exceeds 50 mm Hg (Figures 1, 2 and 13) and 2) 
from the interpretation of BP records in the light of fixed limits such as 140/90 
mm Hg (systolic, S/diastolic, D BP) when built-in circadian and infradian 
rhythms of large amplitude (A) have been documented (7). Fixed thresholds (best 
replaced by chronodesms) can render the office BP measurement equivalent to flipping a 
coin (Table 1 and Figure 14). Estimating parametric (Scheme 1) (MESOR, A and 
acrophase of major anticipated rhythmic components and of their harmonics) 
and non-parametric (percent time elevation, hyperbaric index and timing of 
excess) endpoints, even for MESOR-normotensive patients, is desired in view of 
the association of an enlarged circadian BP-A with 1) familial antecedents of 
high BP and related vascular complications 121; 2) morphologic changes in the 
heart revealed by echocardiography in adulthood 131 and also after the in utero 
exposure to betamimetics, observed in neonates [2] and in adolescence 141; and 3) actu-
al adverse outcomes (Figures 9-11) (34). A chronobiologic approach based on 
manual if not on automatic self-measurements is useful since certain behavioral 
interventions as well as certain antihypertensive agents, when given at the 
appropriate time, can lower the circadian (and circaseptan) BP-A 151. Its practi-
cality lies in the availability of statistical methods, notably control charts based 
on self-starting cumulative sums for the individualized assessment of interven-
tion effects (Figures 16 and 17). Longitudinal monitoring is needed so that 1) ref-
erence values from low-risk individuals become widely available; 2) the earliest 
rhythm alteration can be picked up early before there is target organ damage; 
3) timely intervention is instituted when needed and is targeted in time 
(Figure 12) for highest efficacy with minimal side effects; and 4) infradian BP 
variability associated with psychophysiologic responses (see inside back cover) or 
with unusually prominent circannual variation (Figure Sd) is recognized. 
Reference values for circadian and infradian rhythm parameters require system-
atic longitudinal monitoring and software for the windowing, compacting and 
recycling of information (Figure 18), readily achieved for the experimental ani-
mal, yet still awaiting the design of unobtrusive monitoring instrumentation for 
use in the much larger human being. 
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