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Abstract 
 
Given that conventional health care practice is concerned mainly with high blood pressure (BP), and given 
the fact that other variability disorders -- circadian overswing, excessive pulse pressure, odd circadian BP 
timing and deficient heart rate (HR) variability (in their own right or in combination with MESOR-
hypertension) -- are not diagnosed but contribute to cardiovascular disease risk, we wanted to find out 1. how 
many patients escape current diagnosis (and treatment), and 2. what are the risks such patients incur. An 
available database consists of 297 patients (121 normotensives and 176 treated hypertensives). Each 
condition was considered separately, except that in the case of an excessive pulse pressure, all had also a 
high BP. 
 
In each case, the number of patients who have one, two, three or all four conditions (vascular variability 
disorders, VVDs) was counted. Their risk was assessed as the percentage incidence of morbid events 
(cerebral ischemic event, coronary artery disease, nephropathy, retinopathy) that occurred during the 6 years 
following the BP monitoring (used to diagnose the VVDs). Subjects had no history of morbidity at the time 
of monitoring. 
 
MESOR-Hypertension (MH). Of 176 patients, only 103 had uncomplicated MESOR-hypertension, 55 had 
one complicating VVD, 15 had 2 (additional) VVDs and 3 had all 4 VVDs. This means that 41.5% of the 
hypertensives were only partly diagnosed. The undetected risk of these patients is greatly increased, from 
about 10% for uncomplicated MH to 100% for the 3 patients with all 4 VVDs. 
 
Excessive Pulse Pressure (EPP). Since all these patients also had MH, it is not surprising that the increase in 
risk as a function of the number of VVDs present is similar to that found for patients with MH alone. 
 
Circadian Hyper-Amplitude-Tension (CHAT) and Deficient HR Variability (DHRV). These two conditions 
in their own right, without any complication by other VVDs, are found in 7 (CHAT) and 5 (DHRV) patients, 
representing 2.4% and 1.7% of the total population. These numbers are small in this study, yet if the 
percentages reflect what happens in the general population, this may actually represent MANY people who 
completely escape medical attention in the current system. Again, it is seen that when these conditions 
coexist with other VVDs, the incidence of morbid events is proportionately increased. There is actually a 
small exception to this general trend in the case of CHAT: the risk of CHAT alone is actually slightly higher 
than the risk of CHAT with one additional VVD (usually it is MH, and the two conditions may alternate, 
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notably under treatment). This result is in keeping with the earlier result that CHAT is associated with a 
larger relative risk than MH. 
 
In view of the foregoing, the current guidelines for diagnosing abnormal, notably high BP in a substantial 
segment of the population have to be revised, according to a consensus meeting held at St. Anna Hospital, 
Masaryk University, Brno, Czech Republic, on October 6, 2008 (in the setting where instrumentation for 
beat-to-beat measurements of BP was developed; 1-3). Specifications are needed for the minimal number of 
measurements, for how long and how often they should be taken, including their temporal placement. 
Methods are also needed for the assessment of dynamics, in keeping with a document originally prepared for 
this meeting by Dr. Germaine Cornélissen, Professor of Integrative Biology and Physiology at the University 
of Minnesota, revised in Brno by those undersigned. The terms “normotension” and “hypertension” can be 
replaced by the terms “MESOR-normotension” (MN) and “MESOR-hypertension” (MH), respectively, 
whenever the conditions for a chronobiologically-interpreted 24-hour/7-day BP and HR monitoring (C-
ABPM) are met. The term MH indicates only one of several vascular variability disorders (VVDs) that can 
combine to form sets of 2, 3, and n-component vascular variability syndromes (VVSs). For current health 
care practice, the foregoing diagnoses do not include changes in day-night ratios (DNRs). DNRs and their 
alterations are routinely computed for research. Thus far for predicting outcomes, DNRs were all inferior to 
the parametric and nonparametric assessment of VVDs, including some that carry a risk higher than MH 
itself. In diagnosing MESOR-prehypertension, correctly identified with a chronobiologic approach, the DNR 
misled: the DNR was normal in patients with minimal change retinopathy, and abnormal in the normal 
controls without any retinal involvement. Prediabetes was diagnosed chronobiologically, while the DNR 
failed to detect it. Any chronobiologically-assessed consequences of MESOR-hypotension (MO) have yet to 
be assessed in terms of outcomes and remain beyond the scope of this consensus.  
 
VVDs and VVSs derived from C-ABPM gauge an increased vascular disease risk, including conditions 
unnoticed in current practice, some of which may be treated. When the conditions for C-ABPM 24/7 are met, 
the term “Diagnosing hypertension” can be replaced by the wider scope of the terms “Diagnosis of VVDs 
and of VVSs”. 
 
Introduction 
 
Complementing other indices of risk studied, e.g., after a myocardial infarction (4, 5), the search for VVDs 
and VVSs, albeit aimed in particular at healthy subjects (3, 6-12) to detect earliest alterations, concerns a 
very large number of patients diagnosed conventionally as “hypertensive” (13-25) (about 72 million in the 
USA) (26). The following diagnoses can be based upon a summary called a “sphygmochron”, provided with 
accompanying materials (27-30), Figure 1. 
 
(1) MESOR-normotension (MN), when a) all characteristics of a model fitted parametrically are within the 
limits of 90% prediction intervals (PI) (31) and b) all endpoints obtained non-parametrically by stacking the 
data are acceptable (do not exceed thresholds) computed from data of peers matched by gender and age, and 
preferably, when possible, ethnicity and geography. 
 
(2) MESOR-hypertension (MH), a chronobiologically-validated elevated BP, Figure 2. This term is used 
only if the diagnosis is based on the MESOR, obtained by the least squares fit of cosine curves with 
anticipated (24- and 12-hour) periods, for comparison with ranges (90% PIs) of acceptable MESORs 
characterizing data from clinically healthy peers matched by gender and age. The minimal time series length 
is a 24-hour/7-day record of data collected automatically at hourly or shorter intervals (or manually for 7 
days at 4-hour intervals), analyzed both daily and for the week as a whole. It serves to rule out MH, if 
negative when analyzed parametrically for the weeklong record as a whole, but data collection is continued 
when abnormality is found. MH is a condition where the BP-M is above the upper 95% prediction limit of 
BP-Ms from clinically healthy peers matched by gender and age. BP elevation is noted when the hyperbaric 
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index (extent of excess during 24 hours) exceeds the threshold of 50 mm Hg x hour during 24 hours. MH can 
be the sole VVD or it can coexist and/or alternate with other VVDs to constitute a VVS, Figures 3 and 4.  
 
(3) CHAT (Circadian Hyper-Amplitude-Tension), or circadian BP overswing (excessive BP swing) is a 
condition characterized by a double amplitude of BP (BP-2A) derived from a 24/7 record exceeding the 
upper 95% prediction limit of BP-2As from clinically healthy peers matched by gender and age, Figure 1. 
CHAT can occur alone in MN and with a usual timing of the circadian BP rhythm, or it can coexist and/or 
alternate with other VVDs, such as complicating MH, Figure 2. C-ABPM is recommended to all patients 
with treated MH to ascertain that the elimination or reduction of MH is not a trade for the greater risk of 
CHAT, Figure 5, Section IIC.  
A measure of the extent of predictable change in this model, approximating the within-day BP change, the 
24-hour BP-2A can be grossly underestimated by the DNR that does not account for alterations in the 
circadian acrophase and/or waveform. The DNR neither accounts for changes with age in circadian BP 
characteristics, notably in terms of a post-prandial BP dip, nor does it have reference values for differences 
between genders and is limited to a few aspects of within-day change, ignoring the many rhythms with 
frequencies other than circadian, Figures 6 and 7. 
 
(4) BP ecphasia is a condition characterized by an odd timing of the circadian acrophase (φ) of BP but not of 
the φ of HR (BP ecphasia with HR euphasia). φ is a measure of the timing of overall high values recurring 
each day, measured as the lag from a given reference time (e.g., local midnight) of the peak in the 24-hour 
cosine curve of the model approximating the data. BP ecphasia is differentiated from the consequences of 
shift-work that can be associated with an altered timing of both BP and HR, Figure 1. It is defined by the BP-
φ derived from a 24/7 record lying outside the 90% PI of BP-φs from clinically healthy subjects matched by 
gender and age.  
 
(5) Excessive pulse pressure (EPP) is defined by a difference between the systolic (S) and diastolic (D) BP-
Ms in a 24/7 record above 60 mm Hg (until gender- and age-matched reference standards become available), 
Figure 2. 
 
(6) Deficient HR variability (DHRV) is defined as a standard deviation (SD) of HR from a 24/7 record below 
7.5 beats/minute (until gender- and age-matched reference standards become available), Figure 2. 
 
Several prospective and also much larger retrospective outcome studies have shown that VVDs such as 
CHAT carry a vascular disease risk that can be higher than the risk of MH, even among normotensive 
subjects (32). For example, the risk of vascular morbidity (cerebral ischemic event, coronary artery disease, 
nephropathy and retinopathy) associated with CHAT alone (in MESOR-normotensive subjects) is twice as 
large as that associated with uncomplicated MH. The VVDs listed above are mostly independent and 
additive. When two or more coexist to constitute a VVS, the risk is usually larger than that of any one of the 
VVDs present alone. The risk of vascular morbidity in patients with three VVDs is much higher than the risk 
of patients with any one VVD alone, Figure 4. 
 
VVDs and/or VVSs detect earliest risk elevations, when these may be more readily reversed as pre-
hypertension (6-10), pre-diabetes (11, 12), and possibly with a focus on pulse pressure and obesity (13), a 
pre-metabolic syndrome, Figure 8. Hospitals with modern technology, equipped with hardware and software 
for automatic continuous self-surveillance could make a change in health care by cost-effectively detecting 
the earliest changes when they precede severe vascular disease. A manned website, Figure 9, for pre-
habilitation, rather than only for rehabilitation, can provide self-helpers with analyses of their data collected 
with devices for ABPM and data transfer, as is now done on a small scale by e-mail within the scope of the 
BIOCOS project (corne001@umn.edu).  
 
Benefit. The self-helper in health care gets the needed information on his or her health status cost-free, 
without requiring support from caregivers, unless the analyses suggest the need for a consultation. We here 
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illustrate what can be gained by chronobiologically-implemented ambulatory BP and HR self-monitoring, 
carried out automatically, as a start around the clock at hourly or shorter intervals for 7 days (C-ABPM 24/7; 
or at about 3- to 4-hour intervals manually, the ambulatory automatic instrument being much preferred). 
Merits are compared with the status quo, limiting the use of ABPM to special cases, for one or a few days 
only, without any chronobiologic interpretation. Under such current practice, the proportion of cases that 
remain unrecognized and hence untreated corresponds to the darker shaded segments in Figure 10. 
 
Background. The 7th Report of the Joint National Committee on Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC-7) describes a SBP <120 mmHg and DBP<80 mmHg as normal. A SBP of 120-
139 mmHg and DBP of 80-89 mmHg has been termed as pre-hypertension, while a SBP > 140 mmHg and/or 
a DBP > 90 mmHg is hypertension (33). These guidelines are based on the (office) spot measurements of BP, 
which are suspect in the diagnosis of normotension, pre-hypertension or hypertension. A “control” group can 
have many false negative diagnoses; vice versa, a group of mild hypertensives may have false positives. 
There is evidence from 24/7 records of half-hourly data that “spotcheck-hypertensives” can have some 
acceptable 7-day MESORs and vice versa. This observation may contribute to questionable results such as 
48% cures by a placebo when the false positives at entry into a clinical trial and the false negatives at its end 
are not assessed (27, 34). 
 
Current practice no longer needs to rely on one or a few measurements of BP taken in the physician's office 
under standardized conditions with a mercury sphygmomanometer, interpreted against fixed limits applying 
to all adults 18 years or older (17, 33). Thirty home measurements without indication of their temporal 
placement are required by the Austrian guidelines (18) to be interpreted in the light of a time-unspecified 
limit, as in the international guidelines (33). A fixed limit for a rhythmically changing variable can make the 
diagnosis dependent on the time of day when the measurement is made, an abstract fact (20), documented in 
clinical practice as checked at the U.S. National Institutes of Health (21). Such limitations notwithstanding, 
treatment of an elevated BP has been related to a decline in the incidence of cardiovascular morbidity and 
mortality (22), yet there are a number of people who receive treatment they do not need while others, who 
need treatment, do not get it, Figure 10 (35). With rising health care costs, any robust reduction in 
cardiovascular disease will be extremely helpful for those concerned about the cost of health care for 
preventing incapacitation and suffering. 
 
Several improvements are directly within reach. It is widely accepted that BP is not constant but varies 
predictably, albeit according to the individual's circadian rhythm usually of large amplitude (19). Measuring 
BP around-the-clock is now readily feasible with ambulatory monitors without too much disturbance of sleep 
and the daily routine. Measurements from these monitors have also been shown to be superior to clinic 
measurements in terms of diagnosis and prognosis (24). BP is also known to change as a function of age and 
to differ between men and women (25) and among individuals of the same gender, age and ethnicity (16). 
Not yet generally known is that in decades-long series, a number of newly discovered cyclicities have been 
mapped, that all contribute to variability that has to be resolved. Their periods coexist with those of the 
environmental day and year or replace the calendar year, differing from a precise year or a decade. Some of 
the periods reflect different aspects of solar activity, including beat periods of non-radial solar rotations (36-
48). 
 
Accordingly, at variance with guidelines (33), an international project on the BIOsphere and the COSmos 
(BIOCOS) (29, 36, 37, 49) has derived time-specified reference values qualified by gender and age to 
interpret data from ambulatory monitors, collected around-the-clock, preferably for at least 7 days and in 
some cases for decades (44, 48). A double-barreled approach has also been developed that consists of a 
parametric and non-parametric assessment of the data. 
 
The current chronobiologic approach relies as a first step on the estimation of circadian rhythm 
characteristics (parameters), obtained by the least squares fit of a two-component model consisting of cosine 
curves with periods of 24 and 12 hours, Figure 1. The inclusion in the model of a second harmonic with a 
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period of 12 hours accounts for the non-sinusoidal waveform of the circadian rhythm in BP (and HR). With 
24/7 monitoring, half-weekly and weekly components can be included in the model, yet one has only 1 or 2 
cycles available for assessment, which is the equivalent of taking the pulse for one or two cycles (or seconds). 
As longer series become available over years and decades, they serve for the detection of infradian 
alterations that may also signal pre-hypertension (48). 
 
At this time, parametrically, about 3.5- and 7-day as well as circadian rhythm characteristics can be routinely 
estimated by the fitting of several cosines, their number depending on the length and density of the record. 
The parameters are an improved mean, the MESOR (M), the double amplitude (2A), and the acrophase (φ). 
For each of the infradian endpoints, improved reference standards (90% PIs) will have to be computed from 
data of clinically healthy peers of each gender and several age groups, e.g., for about half-weekly and weekly 
as well as circadian (A, φ) pairs and for the PP and the HR-SD. In a complementary non-parametric approach, 
data from a 24/7 record are stacked over an idealized 24-hour day and are compared with the time-specified 
90% PIs of healthy peers matched by gender and age. The stacking can be done over periods different from 
24 hours, if pertinent, but awaits the derivation of appropriate reference limits for non-24-hour components. 
Deviations from parametric and/or non-parametric limits guide the diagnosis of VVDs and VVSs, interpreted 
in the light of actual and/or proxy outcomes (32, 49-55). 
 
Just as it is possible to treat MH, CHAT can also be treated in the absence as well as in the presence of MH 
non-pharmacologically or with anti-hypertensive drugs (27, 35, 49, 52, 53, 56-60). Sometimes, in the case of 
iatrogenic CHAT, all it takes is to change the timing of administration of the same dose of the same 
treatment (35). Treating CHAT may reduce cardiovascular morbidity and mortality by about 50% (60). 
 
Clinical studies have relied on groups or populations for diagnosis (61-63) or treatment, seeking the optimal 
timing of administration of a given drug. All subjects in a given group usually receive the same medication at 
the same circadian stage, irrespective of symptoms. In view of the different risks associated with the VVDs 
that all have to be optimized on an individualized basis, it becomes critical to monitor both for a 
chronodiagnosis and for finding the best timings of each treatment, varied for each patient systematically 
along the 24-hour scale, so as to validate that all VVDs are eliminated, or at least reduced as far as possible. 
Such linking of chronotherapy to the chronodiagnosis has been referred to as “chronotheranostics” (49). The 
best time to administer a given anti-hypertensive agent may differ, e.g., among individuals (49) and/or 
among drugs used (56, 57), depending on whether the patient has CHAT or a small circadian BP-2A. The 
decision to treat a patient with MH with felodipine or lercanidipine differs depending on whether the patient 
has an acceptable or a deficient HR variability since only one of the two drugs, lercanidipine, seems to be 
able to increase HRV (49). By contrast, in a case with MH and CHAT, felodipine should be tried first since it 
reduces both the BP-M and the BP-2A, Figure 11. These chance findings require confirmation. 
 
Comparison with DNR. Attempts have been made to simplify the assessment of a circadian rhythm by the 
computation of day-time and night-time means and of day-night ratios (DNRs). Many studies have linked 
some cardiovascular pathologies to the DNR (e.g., 64-68). Whenever the merits of the DNR have been 
compared with those of the circadian rhythm characteristics on the same data with outcomes, the 
chronobiologic characteristics were shown to be superior: in a 6-year prospective study of 297 patients in 
Japan (35, 49, 50), Figure 12; in a smaller 7-year prospective study of dental patients in Minnesota (55), 
Figure 13; and in a study of 1,177 patients, using the left ventricular mass index as surrogate outcome 
measure, Figure 14. 
 
The comparisons already completed were, without exception thus far, in favor of a chronobiologic approach. 
The latter allows the differentiation between undue changes in phase-only vs. amplitude-only which are 
assessed separately by the parametric approach while they are confounded in the DNR. Moreover, 
chronobiology uses added independent requirements for assessment, such as a much longer time series (of at 
least 7 days, rather than 24 hours), and reference standards, some of which can already be qualified by 
gender and age, which as yet is not done for the DNR. Apart from a more thorough since less incomplete 
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database for a circadian assessment, the chronobiologic approach requiring a weeklong record allows further 
the exploration of about half-weekly, near-weekly and weekly cycles that cannot be assessed by a (highly 
variable) 24-hour monitoring-based DNR. The latter has served group assessment in studies based on 
populations, but does not allow inferences for the individual, for whom the goal of chronobiology is as dense 
as practical, and eventually a lifelong monitoring. This continued around-the-clock surveillance suggests 
already that infradian spectral alterations such as the replacement of a calendar year component by cycles 
longer than a year by about 4 months (far-transyears) may also be a harbinger to be considered for preventive 
treatment, decades before the onset of MESOR-hypertension (48). The role of other infradian components in 
the spectra of HR or BP and of hormonal variables and in those of environmental variables near and far as 
yet is a topic for research. 
 
A comparison of the relative merits of DNRs and circadian parameters derived from a chronobiologic 
approach should be continued on the large data sets with outcomes already collected via research grants from 
public sources by different investigations that included ABPM at the start. The refusal in the past of 
advocates of the DNR to carry out that comparison or allow BIOCOS to do so may be based on the 
misconception that the major source of changes in BP relates to the cycle of sleep, wakefulness and activity 
which favors an analysis based on the waking-sleeping difference (dipping), and that the dipping 
classification system makes no assumption of an intrinsic circadian rhythm. A partly genetically-anchored 
circadian variation in BP was documented in the clinic by a free-run of SBP from sleep-wakefulness and 
activity (69). Beyond circadians, there is a broad spectrum of infradian rhythms that, their relatively small 
amplitude notwithstanding, may be of clinical (38-42) as well as basic interest, since they are signatures of 
beat periods of solar rotation in phenomena such as sudden cardiac death (44) as well as suicide (46) and 
hormones that influence BP.  
 
A chronobiological approach detects pre-hypertension and pre-diabetes. In the latter case, discrimination by 
means of the DNR fails. In a study of patients with minimal change retinopathy and healthy controls by 
Cugini et al. (6), differences were found in terms of circadian rhythm characteristics but not in terms of the 
DNR; the latter misled (6, 7). 
 
Exploring circadian parameters as part of the dynamics of HR and BP can extend the range of rhythms from 
seconds and days (70) to infradians (71) and can explore the possibility of infradian signaling of pre-
hypertension (48). Whether infradian rhythm alterations have prognostic value will have to be investigated 
with automatic, ambulatorily usable instrumentation that is unobtrusive and affordable. Data already 
collected on test pilots for decades document the possibility of the implementation of self-surveillance, with 
currently only slightly obtrusive instrumentation. 
 
Affordability. Automatic ambulatorily usable monitors are available through a project on The BIOsphere 
and the COSmos, briefly BIOCOS (corne001@umn.edu), in exchange for the data, with an 80% cost 
reduction on a friends-and-family basis. In systematic continuous use for at least 50 profiles/year (good for 5 
years), the collection of a 7-day profile now costs less than US $3, allowing for the acquisition of an 
automatic monitor for each set of a family and friends, if not yet for an economical automatic monitor for 
each individual. Monitors become affordable as the demand for them increases. The implementation of the 
latter aim is planned by the Phoenix Study Group, composed of volunteering members of the Twin Cities 
chapter of the Institute of Electrical and Electronics Engineers (http://www.phoenix.tc-ieee.org), along with a 
website (http://www.sphygmochron.org/) for free analyses in exchange for the data to be used for research, 
Figure 9. 
 
Broader implication. The example eventually set by benefit from VVD and VVS detection and treatment 
may be followed by a change from a health care based on spotcheck evidence (obtained in office visits or in 
one- or a few-day profiles without inferential statistical tests applied to the individual's data) to cost-effective 
inferential statistical personalized self-surveillance. Notably after the diagnosis of a VVD or VVS is made, 
treatment is prescribed by a care provider, and self-surveillance is again automatically implemented with 
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sequential and parameter tests (72, 73) applied to time series of the given person. Beyond BP and HR, the 
dynamics of each variable have to be mapped, rather than assuming, as does homeostatic physiology, that 
there is the fata morgana of a “true” BP or a “true” HR or, more generally, that a de facto variable can be 
approximated as an imaginary constant by invoking control theory and homeostasis. The assessments of 
decades-long records of patients with MH have already demonstrated to medical practice that once the 
diagnosis of MH is made, there is no alternative to continuous monitoring of the treatment's efficacy or 
failure, Figure 3 (74). Self-surveillance was done by opinion leaders from the time of diagnosis of their 
VVDs for a lifetime by manual measurements (75, 76). This is now feasible automatically as well as 
ambulatorily, during sleep and one's waking routine. Individualized test procedures are available to detect 
abnormality (72, 73) in order to do something about it. By monitoring, a relaxation or other treatment may be 
seen to lower the BP-M. But the desired lowering effect shown by control chart (Figure 5, Section IIIA), 
assessing changes in BP-M that can be tracked to a given intervention, must not be accompanied by an 
increase in BP-2A that can lead to CHAT (49, 52, 53). 
 
Summary 
 
This consensus proposes the use in clinical practice of C-ABPM 24/7 to rule out a VVD (or VVS). If in turn 
a VVD is detected (and as long as it is not absent for a full week), the monitoring is continued so that the 
caregiver and receiver do not fly blind (77). Currently, hundreds of millions of people are diagnosed (some 
rightly, others wrongly) to have “high BP”. Only relatively few of them are recognized as false positives 
(white-coat effect) or false negatives (masked hypertension) under the misconception that there is a “true” 
BP. This current approach can be replaced by developing a system via a website for monitoring BP and HR 
on a large scale, as is already done on a smaller scale by BIOCOS worldwide, so that the diagnosis of a VVD 
or VVS can be made without undue cost by earliest public education in self-help. Finding out how best to 
treat is a major challenge. This focus on variability is not new: Ignaz Zadek recommended assessing 
variability as far back as 1880 in a doctoral thesis and then in 1881 (23). In 1904, Theodore C. Janeway of 
Johns Hopkins University (Baltimore), the opinion leader of his time, wrote (78): “… it is essential that a 
record of the pressure be made at frequent intervals at some time previous [presumably to an examination], 
to establish the normal level and the extent of the periodic variations. When this is done, it may be possible 
to demonstrate changes of small extent, which, lacking this standard for comparison, would be considered 
within the limits of normal variation.” Janeway was right: even if he could not foresee that BP can undergo 
not only partly endogenous circadian rhythms, but also cycles longer than a year, coded in our genes, driven 
by counterparts in the solar wind, yet genetically coded like circadians, since they persist when the solar 
driving at the given frequency is no longer detected. 
 
And in 1974 Bartter (21) suggested, writing about a patient whose BP was diagnosed differently by two 
physicians who saw him at different times of day: “By conventional standards, this patient is clearly 
normotensive every morning. Yet the blood pressure determined each day at 6 in the afternoon provides 
especially convincing evidence that this patient is a hypertensive. ... My plea today is that information 
contained in such curves [cosinor fits] becomes a routine minimal amount of information accepted for the 
description of a patient's blood pressure. The analysis of this information by cosinor should become a routine. 
It is essential that enough information be collected to allow objective characterization of a periodic 
phenomenon, to wit, an estimate of M [the time structure or chronome-adjusted mean, or MESOR], an 
estimate of [the amplitude] A itself, and finally an estimate of acrophase, φ [a measure of timing]. In this way, 
a patient can be compared with himself at another time, or under another treatment, and the patient can be 
compared with a normal or with another patient.” 
 
Conclusion 
 
Today we have the wherewithal to implement Zadek's, Janeway's, Bartter's and others' (10) extensively 
documented suggestions. We monitor garages around the clock to prevent crime. We monitor small rodents 
by telemetry to develop drugs. Let us use available technology to consider those who have to be reliably 
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diagnosed, who need the drugs, and establish the approach to the diagnosis and treatment of each patient in 
an individualized inferential statistical way by now-available (72, 73, 79) and yet to be further extended 
software. 
 
Based on chronobiologically-interpreted C-ABPM 24/7, five VVDs can be diagnosed (MH, CHAT, BP 
ecphasia, EPP and/or DHRV). Eventually, alterations of cycles in the ultradian and infradian domains should 
be added. In case of a VVD, to make the diagnosis reliable 24-hour/7-day C-ABPM should be repeated for at 
least 7 added days, this approach may rule out transient VVDs. Alternatively, as long as a VVD persists, C-
ABPM should be made continuous, depending on outcomes of C-ABPM 24/7. The effect of treatment should 
be controlled by C-ABPM with as-one-goes sequential tests (72) and, when the CUSUM in a control chart 
emerges from the decision interval, and parameter tests (73) indicate a change, treatment is accordingly 
introduced or modified. 

 
Prof. Germaine Cornélissen, Ph.D. Dept. Integrative Biology and Physiology, co-
Director, Halberg Chronobiology Center, University of Minnesota, USA 

 
 
Epilogue 
 
Earlier consensus meetings were held in Brussels on March 17-18, 1995 (35), by the New SIRMCE 
Federation (the International Society for Research on Civilization Diseases and the Environment), followed 
by consensus meetings in Moscow on Oct. 10-12, 2005 (III International Conference, Civilization diseases in 
the spirit of V.I. Vernadsky, People's Friendship University of Russia) (80), in Baku, Azerbaijan, on 
September 24-27, 2007 (International Interdisciplinary Workshop, Natural Cataclysms and Global Problems 
of the Modern Civilization) (14), and in Sudak, Crimea, Ukraine, on October 1-6, 2007 (VII International 
Crimean Conference “Cosmos and biosphere”) (81). At all these consensus meetings, a 24-hour/7-day profile 
interpreted by a parametric and non-parametric approach was recommended to likely rule out abnormality 
once generally affordable automatic instrumentation for continuing observation becomes available on a large 
scale. 
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This consensus also strongly recommends that reference values be collected continuously from test pilots 
such as astronaut and cosmonaut candidates and their families. Thus, human BP and HR reference values 
from conception to old age (preferably to be monitored prospectively for successive generations) may 
become available. There is a need for institutes to accomplish the research on data collected preferably 
automatically by a website which provides the individual with analyses in exchange for using the information 
for both health care and research, including improved reference values and refined earliest indicators of 
disease on the one hand. On the other hand, the time series on BP and HR and those from archives of 
population morbidity and mortality, including crime, war and terrorism, may serve to prevent these societal 
cataclysms. 
 
Among telluric, atmospheric and solar oscillations and their associations in physiology, psychology, 
sociology, epidemiology, criminology and warfare, criteria of the cycles involved, qualified by CIs (95% 
confidence intervals) of their characteristics become measures amenable to a subtraction and addition 
approach occurring naturally, implemented by the sun and the broader cosmos. Just as we currently have heat 
and air conditioning and meet other extremes of the unduly seen, felt, tasted or smelled environs, we need to 
understand the unseen and not consciously noticed, yet no less important non-photic environmental risks (82, 
83). 
 
We live in the atmosphere of the sun. We learned of effects of magnetic storms and found geographic and 
temporal differences in association with the incidence patterns of various diseases. We find signatures of 
solar activity in everyday physiology. We need to learn more of the consequences of unseen non-photic 
effects that can override the seasons and can replace them in the incidence patterns of sudden cardiac death, 
of suicide and apparently also of terrorism, influencing public opinion as well. The tasks on hand are those of 
transdisciplinary science that ranges broadly from politics to philanthropy. This science will pay for itself in 
BP and HR monitoring that can fend off hard events like stroke for millions of people now treated for 
hypertension or in a pre-hypertensive state who actually have risks as VVSs greater than hypertension, which 
are currently unrecognized, yet could be treated if detected. 
 
To meet the challenge of noninvasive cardiology, BIOCOS aims at the construction of a universal, 
multilingual website for both series in health care and research in science without disciplinary barriers. All 
interested are welcome to participate. 
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Legends to figures 
 
Figure 1. Illustrative parametric (left) and non-parametric (right) approach bracket a sphygmochron 
(middle).  After data covering preferably at least 7 days of blood pressure (BP) and heart rate (HR) are 
downloaded from the e-mail into a computer for analysis, the following results are provided (currently from 
corne001@umn.edu) for the patient as well as for the care provider: 
1. A list of actual measurements and the times at which they were obtained. 
2. A plot of data as a function of time, shown together with the time-specified prediction intervals (PIs) of 
acceptability for systolic (S) and diastolic (D) BP and HR. 
3. A data summary, and a report of any BP and/or HR excess in consecutive 3-hour intervals. This part of the 
report may be accompanied by a “rhythmometric summary”, which is just a more technical form from which 
the information is derived to prepare the: 
4. “Sphygmochron”. A sample “sphygmochron” (center) illustrates how results are being reported. First, 
above, the participant’s name is kept confidential; a codename is used instead. Gender and age are listed, 
along with the date and time at which monitoring started, and for how long data were collected. The 
numerical report consists of two parts labeled “Characteristics” (parametric results) and “Indices of 
Deviation” (non-parametric results). In each case, results are shown for SBP (when the heart contracts) on 
the left, DBP (when the heart relaxes) in the middle, and HR on the right. Under “parametric results”, a 
mathematical model of a smooth curve is fitted to the data to assess their circadian variation, which is 
primarily characterized by four numbers shown in the left-hand section of the graph, one of which, the 
period, covers with its uncertainty the precise 24 hours, so that the other 3 numbers are given from the fit of a 
24-hour cosine curve. One characteristic, called the “MESOR” is the average value around which values 
fluctuate. It is very similar to the mean value, but yields more reliable results when the data are not collected 
at precisely regular intervals, and has a smaller error when the data are equally spaced. Another 
characteristic, called the “double amplitude”, is a measure of the predictable change occurring within a day, 
from the overall low values found usually during sleep to the high values during the daily active span. The 
third characteristic, called the “acrophase”, is a measure of the time when overall high values are likely to 
recur each day. For each of the three characteristics (“parameters”), the participant’s value is compared to a 
range of acceptable values, derived from data provided by clinically healthy people of the same gender and 
age group as the participant. For instance, in the example shown here in Sphygmochron, the average SBP, 
the DBP and all other parameters are within the rectangles, indicating the range of acceptable values. 
Under “non-parametric results”, the participant’s data are compared by computer with time-specified 
reference values, also derived from chronobiological archives on clinically healthy subjects matched by 
gender and age. For this analysis, all data are stacked over an idealized 24-hour day. Whenever a given 
person’s profile exceeds the limits of acceptability of peers, the data are marked as being excessive or 
deficient. The “percentage time of elevation” reports the relative incidence of excessive values during a 24-
hour day. It is common to have occasional high values, so that in the example herein there is no reason for 
concern. The next item, the time of excess, becomes useful when drug treatment should be timed prior to the 
peak in excess.  
Excessive values may either be barely above the limit or in turn can be very much higher than the limit. It is 
therefore important to express the extent of deviation by the “area under the curve”, that is the area between 
the values when they exceed the limit and this limit itself. Empirically, it has been shown that excess up to 
about 50 (mmHg x hour during 24 hours) may still be acceptable and accountable for by daily worries and/or 
and/or physical activities. 
On the top right, an abstract illustration of excess and deficit is accompanied below by 2 cases that are 
similar in terms of percent time elevation. They are very different in terms of hyperbaric index. In patient #2, 
although the percent time elevation is 9% smaller than that in patient #1, the hyperbaric index is several 
times larger.  
The “timing of excess” can be used as a guide to time the administration of non-drug or, if need be, of drug 
treatment once there is BP excess above 50 (mmHg x h during 24 hours) and/or an elevation in MESOR. 
When, e.g., a tentative diagnosis of MESOR-normotension with CHAT is made, with insight into 
information provided on the questionnaire given to the participant with the monitor, as a first step, additional 
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analyses may be carried out. Additional monitoring isrecommended to check on any abnormality detected 
during the first monitoring, and if confirmed, the need for intervention is reported to the person monitored so 
that it can be reported to the health care provider. In one case summarized elsewhere, the follow-up 7-day 
monitoring showed that CHAT persisted for both SBP and DBP, while the MESORs were again acceptable. 
Thus, the diagnosis of CHAT with MESOR-normotension was confirmed. Consultation with a health care 
provider was strongly and urgently recommended. In two cases of CHAT without an elevation of the BP 
MESOR, when such recommendations were ignored, catastrophic disease and high cost occurred, a 
myocardial infarction in a man (29, 30) or eclampsia in a pregnant woman with pressures of 115/67 mm Hg 
(SBP/DBP), leading to the delivery of a very premature boy hospitalized for 26 months at a cost of $1 
million U.S. (28). © Halberg. 
 
Figure 2. Abstract. Definitions and illustrations of vascular variability disorder MESOR-hypertension (MH), 
can be systolic (S-MH), diastolic (D-MH) or both (SD-MH), or mean arterial (MA-MH), demonstrated 
parametrically (complemented non-parametrically in Figure 1). 
(b) Circadian Hyper-Amplitude-Tension (CHAT), which can also be systolic (S-CHAT), diastolic (D-
CHAT), both (SD-CHAT) or mean arterial (MA-CHAT), etc. 
(c) SBP, DBP or SDBP ecphasia (odd timing of the circadian rhythm of BP but not of that in HR). 
(d) Excessive pulse pressure (EPP), when the difference in the MESORs of SBP and DBP for adults exceeds 
60 mmHg, a threshold that remains to be replaced by reference values from clinically healthy peers 
(eventually with disease-free long-life outcomes) specified further by gender, age, ethnicity and geography. 
(e) A deficient HR variability (DHRV), defined as a standard deviation of HR less than 7.5 beats/minute, a 
threshold that remains to be replaced by reference values from clinically healthy peers (eventually with 
disease-free long-life outcomes) specified further by gender, age, ethnicity and geography. © Halberg. 
 
Figure 3. Results from a chronobiologically-interpreted longitudinal record of SBP from an elderly man 
(GSK) treated for a prior decade for “hypertension” diagnosed as MESOR-hypertension, MH, complicated 
by presumably iatrogenic circadian hyper-amplitude-tension (CHAT). Data collected around-the-clock at 30-
minute intervals, with very few short gaps, are analyzed by the least squares fit of 24-hour cosine curves. The 
daily MESOR estimates are shown on top, as dark or light dots respectively, depending on whether the SBP-
MESOR was above or below the SBP-MESOR threshold (horizontal line) derived as the upper 95% 
prediction limit for clinically healthy men of the same age group. Similarly, the SBP-2A estimates obtained 
on a daily basis are shown on the bottom as dark or light dots depending on whether CHAT was diagnosed or 
not on that particular day, respectively. The upper limit of acceptability for the 24-hour SBP-double 
amplitude (2A), shown as a horizontal line, was also derived as the upper 95% prediction limit for the 24-
hour SBP-2As of clinically healthy men of the same age group. Both the SBP-MESOR and the SBP-2A vary 
greatly from one day to another, resulting in differing diagnoses from day to day: MH is present part of the 
time but not all of the time. It is sometimes complicated by CHAT, but not invariably so, and CHAT can 
occasionally be present in the absence of MH. These results illustrate the need for continuous surveillance, so 
that treatment can be adjusted as needed (as indeed it was). Of interest is the last part of 2001, when MN 
prevailed most of the time, but CHAT occurred frequently. This may be an undesired tradeoff since CHAT 
carries a risk of cerebral ischemic accidents and nephropathy higher than MH, even among MN patients. The 
record in 2002 also shows a span of weeks when both vascular variability disorders were eliminated, with 
CHAT recurring first thereafter, yet with some MH as well. In such cases, several weeks of acceptable values 
do not assure that a treatment is validated in the long term. © Halberg. 
 
Figure 4. Decreased heart rate variability (DHRV), circadian hyper-amplitude-tension (CHAT) and elevated 
pulse pressure (EPP) are separate cardiovascular disease risks. CHAT is one of several conditions related to 
the variability in blood pressure (BP) and/or heart rate (HR) that is associated with an increase in vascular 
disease risk. The circadian (or preferably circaseptan profile) with too large a pulse pressure (the difference 
between systolic [S] BP and diastolic [D] BP, i.e., between the heart's contraction or relaxation, or the extent 
of change in pressure during a cardiac cycle) and a decreased HR variability (gauged by the standard 
deviation of HR) in relation to a threshold, preferably eventually all in gender- and age-matched peers are 
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two other risk conditions (as is an abnormal circadian timing of BP but not of HR, not shown). Vascular 
disease risk is elevated in the presence of any one of these risk factors, and is elevated further when more 
than a single risk factor is present, suggesting that these abnormalities in variability of BP and HR are mostly 
independent and additive. Abnormalities in the variability of BP and HR, impossible to find in a 
conventional office visit (the latter aiming at the fiction of a “true” BP), can raise cardiovascular disease risk 
(gauged by the occurrence of a morbid event like a stroke in the next six years) from 4% to 100%. By 
comparison to subjects with acceptable BP and HR variability, the relative cardiovascular disease risk 
associated with DHRV, EPP and/or CHAT is greatly and statistically significantly increased. These risks, 
silent to the person involved and to the conventional care provider, notably the risk of CHAT, can usually be 
reduced if not reversed by chronobiologic self-help, also with a non-pharmacologic approach in the absence 
of MESOR-hypertension (32). © Halberg. 
 
Figure 5. Illustrative results supporting the need for continued surveillance and for a chronomic analysis of 
blood pressure series. 
I: Nocturnal hypertension: data stacked from 11 days of around-the-clock monitoring. Office spotchecks 
cannot detect nocturnal pathology. II A: Among risk factors, an excessive circadian BP amplitude (A) raises 
the risk of ischemic stroke most. II B: Among risk factors, an excessive circadian BP-A raises the risk of 
nephropathy most. II C: An excessive circadian BP-A is a risk factor for ischemic stroke independent from 
the 24-hour mean (MESOR). III A: Individualized assessment (by CUSUM) of a patient’s initial response 
and subsequent failure to respond to autogenic training (AT) (EO, F, 59y). III B: Individualized BP 
chronotherapy. Lower circadian BP-2A and MESOR (M) after switching treatment time from 08:30 (left) to 
04:30 (right). III C – Control chart assesses individualized anti-MESOR-hypertensive chronotherapy. 
Chronomics detects nocturnal escape from hypotensive treatment taken in the morning (I above) and 
conditions such as CHAT, associated with a risk of stroke and nephropathy greater than hypertension (IIA-
B), even in MESOR-normotension (IIC), and monitors transient and/or lasting success of treatment (IIIA-C). 
Merits are: 
· Detection of abnormality during the night when the dose of medication taken in the morning may no longer 
be effective in certain patients, facts not seen during office visits in the afternoon but revealed as consistent 
abnormality by around-the-clock monitoring; 
· Detection of abnormal circadian pattern of blood pressure (CHAT, “overswinging”) associated with a risk 
of cerebral ischemia and nephropathy larger than other risks (including “hypertension”) assessed 
concomitantly (IIA and B); 
· Finding that CHAT carries a very high risk even among MESOR-normotensives who do not need anti-
hypertensive medication (IIC); 
· Availability of statistical procedures such as a self-starting cumulative sum (CUSUM) applicable to the 
individual patient to determine whether an intervention such as autogenic training is effective and if so for 
how long it remains effective (IIIA); 
· N-of-1 designs for the optimization of treatment timing: the same dose of the same medication can further 
lower the same subject's blood pressure MESOR and circadian amplitude when the timing of daily 
administration is changed (IIIB and C), as ascertained by as-one-goes (sequential) testing and parameter 
tests, procedures applicable to the given individual. © Halberg. 
 
Figure 6. Bioresonance of multiple frequencies of human BP with the solar wind's speed. © Halberg. 
 
Figure 7. Time courses of the frequency structures of the speed of the solar wind (SWS) (top) and of an 
elderly man's (FH) SBP, DBP and HR (rows 2-4, respectively), examined by gliding spectral windows. 
Human SBP selectively resonates with SWS (top row). No obvious resonance, only minor coincident change 
in DBP or HR is seen (bottom 2 sections). Non-shifting intermittent frequencies such as those in SWS, 
dubbed Aeolian (derived, as an analogy to the solar wind, from Aeolus, Greek god of winds) rhythms in 
gliding spectra of SWS and SBP change in frequency (smoothly [A] or abruptly [B, C, D], bifurcating [D, F] 
and rejoining [G], they also change in amplitude (B) (up to disappearing [C, E] and reappearing). During a 
nearly 16-year span, there are no consistent components with a period averaging precisely 1 year in the three 
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physiologic variables, probably an effect of advancing age. While post hoc ergo propter hoc reasoning can 
never be ruled out, an abrupt change in SWS is followed in SBP by the disappearance of some components, 
suggesting that as a first demonstration, some of FH's cis- and transyear components were driven by the SW 
[since they disappeared with a lag of about a transyear following the disappearance (subtraction) of the same 
components from the SWS spectrum]. The persistence of other spectral features in turn suggests 
endogenicity, i.e., an evolutionary acquisition of solar transyear oscillations that may reflect solar dynamics 
for the past billions of years. BP and HR data are from a man 70 years of age at start of automatic around-
the-clock monitoring, mostly at 30-min intervals, with interruptions for nearly 16 years (N=2,418 daily 
averages, total N ≈ 55,000). Gliding spectra computed with interval = 8 years, resolution low in time but high 
in frequency, increment = 1 month, trial periods from 2.5 to 0.4 year(s), with harmonic increment = 0.05. 
Darker shading corresponds to larger amplitude. When several of these broad bands disappear in the SWS, at 
E, parts of the bands in SBP also disappear, with a lag (delay) at E’, while other parts persist. These 
components are presumably built into organisms over billions of years, as persistence without corresponding 
components in SWS shows, but can be driven in part by the solar wind, as their disappearance after loss of 
corresponding components in SWS suggests. © Halberg. 
 
Figure 8. Circadian parameters and day-night ratios (DNRs) of systolic blood pressure (SBP) are compared 
between groups of presumably healthy MESOR-normotensive subjects and pre-hypertensive subjects with 
incipient signs of minimal change hypertensive retinopathy. Minimal retinal alterations, presumably 
reflecting an increased vascular disease risk, are associated with a higher MESOR and a larger circadian 
amplitude of SBP (P<0.01). A classification in terms of dipping, based on the DNR of SBP, however, is 
misleading, as the pre-hypertensive patients as a group are “dippers” with a DNR between 10% and 20%, but 
the MESOR-normotensive controls as a group are non-dippers, with a DNR of SBP below 10% (top). With 
the relatively small sample sizes of 6 patients with a moderately elevated fasting glucose and a slightly 
abnormal glucose tolerance versus 6 healthy controls, all undergoing 7-day/24-hour ambulatory BP and HR 
monitoring, analyses indicate that a chronobiological approach works when a classification in terms of 
“dipping” based on the DNR fails. Indeed, no abnormality was detected in the light of time-specified 
reference standards qualified by gender and age among the 6 controls, but 4 of the 6 pre-diabetic patients 
showed one or more VVDs (P<0.001). By contrast, in both groups, there were two patients with a DNR > 
20% (“excessive dipping”) and one patient with a DNR < 10% (“non-dipping”). It was thus impossible to 
discriminate the patients with pre-diabetes from the healthy controls in terms of “dipping”, when a 
chronobiological interpretation worked (6, 7). © Halberg. 
 
Figure 9. Currently, a project on The BIOsphere and the COSmos provides analyses multilingually, in 
English, French and German, to all comers worldwide, in exchange for the data (at corne001@umn.edu 
when need be). These analyses serve multiple purposes transdisciplinarily: for the person monitored, the 
analyses determine a VVD and guide treatment via a care provider for lifelong self-help in continuously 
monitored sphygmochrons. The data in turn also serve for eventually (after lifetime records from disease-free 
subjects) improving reference standards and in records from individuals with hard events. For instance, the 
data can be analyzed to monitor solar activity with signatures in blood pressure and heart rate and in archived 
hard events. The Phoenix Project of volunteering members of the Twin Cities chapter of the Institute of 
Electrical and Electronics Engineers (http://www.phoenix.tc-ieee.org) is planning on developing an 
inexpensive, cuffless automatic monitor of BP and on implementing the concept of a website 
(www.sphygmochron.org) for a service in exchange for the data that in turn are to be used for refining 
methods and for monitoring psychophysiological effects of their variability in association with satellite 
information in space weather. © Halberg. 
 
Figure 10. Percentages of VVDs and VVSs missed in current practice. The incidence of VVDs in this graph 
is assessed in a clinic population of 297 patients. BP and HR of each subject were monitored around the 
clock for 2 days at 15-minute intervals at the start of study. Each record was analyzed chronobiologically and 
results interpreted in the light of time-specified reference limits qualified by gender and age. On this basis, 
MH (diagnosed in 176 patients), EPP, CHAT, and DHRV were identified and their incidence related to 
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outcomes (cerebral ischemic attack, coronary artery disease, nephropathy, and/or retinopathy). Outcomes, 
absent at the start of study in these non-diabetic patients, were checked every 6 months for 6 years, to 
estimate the relative risk associated with each VVD alone or in combination with 1, 2, or 3 additional VVDs, 
shown in columns complementing each circular display of incidences of variability.  
Earlier work showed that CHAT was associated with a risk of cerebral ischemic event and of nephropathy 
higher than MH (Figure 5), and that the risks of CHAT, EPP, and DHRV were mostly independent and 
additive. It thus seemed important to determine the incidence of each VVD, present alone or in combination 
with one or more additional VVDs. Results from this investigation are summarized in this graph. 
Results related to MH are shown in the upper left section of the graph. The 176 patients with MH are broken 
down into 103 (34.7% of the whole study population of 297 patients) with uncomplicated MH, 55 (18.5%) 
with MH complicated by one additional VVD (EPP, CHAT, or DHRV), 15 (5.1%) and 3 (1.0%) with MH 
complicated by two or three additional VVDs. In the latter group, all 3 patients had a morbid outcome within 
6 years of the BP monitoring. Ambulatory BP monitoring over only 48 hours, used for diagnosis, is much 
better than a diagnosis based on casual clinic measurements, yet its results apply only to groups. With this 
qualification, of the 176 patients with MH, 73 (42.2%) have additional VVDs that further increase their 
vascular disease risk, and that are not considered in the treatment plan of these patients since current practice 
does not assess these VVDs. This proportion may be smaller in a 7-day record (available for CHAT). 
Results related to EPP (upper right), CHAT (bottom left), and DHRV (bottom right) illustrate that these 
conditions can be present in the absence of MH in as many as 12 (4.0%) of the 297 subjects. Since they do 
not have MH, it is unlikely that these subjects would be treated from a conventional viewpoint, even though 
their vascular disease risk can be as high as or even higher than MH. Evidence exists to suggest that 
treatment of these conditions may translate into a reduction in morbidity and/or mortality from vascular 
disease (60). Another lesson from these results is that around-the-clock monitoring of BP and HR interpreted 
chronobiologically is needed, even in the absence of MH, to detect vascular disease risk associated with 
VVDs such as CHAT and DHRV, that cannot be assessed on the basis of casual clinic measurements, so that 
non-pharmacologic and/or pharmacologic intervention can be instituted in a timely fashion before the 
occurrence of adverse outcomes. Once implemented across the board rather than in selected patient 
populations, vascular disease could be curbed to a much larger extent at relatively low cost if the monitoring 
is offered directly to the public and care providers become involved only after detection of a VVD. A website 
has to be built to interest many people and to provide cost-free analyses in exchange for the data (14), as is 
now provided worldwide by the BIOCOS project on a small scale (corne001@umn.edu). © Halberg. 
 
Figure 11. Seemingly differential effects of lercanidipine and felodipine on the variabilities of BP and HR 
illustrate the need for individualizing, perhaps even in the case of drugs with superficially similar 
pharmacodynamics, the kind of treatment in the light of desired effects. These desiderata range from the 
lowering of the circadian amplitude of SBP and/or DBP to that of the SBP- or DBP-MESOR and/or of the 
pulse pressure to raising HR variability. The chronodiagnosis is made on the basis of around-the-clock 
monitoring of BP and HR, 24/7, with results interpreted in the light of time-specified reference values of 
gender- and age-matched clinically healthy peers. With the qualifications that monitoring was limited to 24 
hours and treatment timing was not specified in the study summarized herein, results suggested that both 
drugs lowered the BP-MESOR as well as the pulse pressure, but an increase in HR variability was only 
observed with lercanidipine and not with felodipine in studies by Brian Tomlinson. Lercanidipine may thus 
be the preferred choice between these two drugs for patients whose MESOR-hypertension is complicated by 
a deficient HR variability (49). © Halberg. 
 
Figure 12. The relative risk (RR) of morbidity occurring within 6 years of monitoring of 297 patients in 
Tokyo, Japan, associated with diastolic CHAT is statistically significant for men and women, as well as 
overall, as evidenced by the 95% confidence intervals of RR values not overlapping one (equal risk). By 
contrast, the relative risk associated with ‘non-dipping’ (DNR < 10%) is only marginally elevated, and only 
so for women and not for men (32). © Halberg. 
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Figure 13. BP and HR data were automatically collected around the clock, at 15-minute intervals, on three 
occasions a few weeks apart, from 24 patients, each profile bracketing a dental appointment, and lasting 4, 2, 
and 3 days, respectively. Whereas the patients were presumably normotensive, a chronobiological 
interpretation of the records found abnormalities, including an elevated BP, in 11 of the 23 patients who 
completed the study (48%). In 3 patients (13%), VVDs were consistently present in all three profiles. Since 
deviations may be detected in one profile but not invariably in all records a few weeks apart, BP monitoring 
over a minimal span of 1 week is recommended at the outset. Such a recommendation is supported by 
outcomes 7 years later.  A comparison of the incidence of adverse outcomes in patients with BP abnormality 
in all three sessions vs. that in patients with abnormality in two, one or none of the sessions, was first carried 
out after 8 patients could be reached (left). No adverse outcome was reported by the 7 patients who did not 
have MH or CHAT, whereas the single patient who had MH complicated by CHAT suffered a vascular 
accident. After 4 more patients could be reached (middle), no adverse outcome was seen for the 10 patients 
who did not have MH or CHAT, whereas the two patients who had MH complicated by CHAT, both 
suffered a vascular accident. The difference in outcome is statistically significant by Fisher exact test 
(P<0.05) between patients identified 7 years earlier with or without MH and CHAT. Accordingly, the 
relative risk associated with MH complicated by CHAT is statistically significantly higher than one (equal 
risk) (right), the small sample size notwithstanding. The prognostic value of a consistently (in three of three 
sessions) deviant chronobiological assessment is illustrated by the relative risk obtained as the ratio of 
incidences between the two groups being compared. © Halberg. 
 
Figure 14. Single VVDs (lightest shading) are complicated to a differing extent by one or more added VVDs 
(darker shading). In the graph on top, MH is diagnosed in a total of 289 subjects, representing 24.6% of the 
1,177 untreated, presumably normotensive subjects included in the study. Among these 289 subjects, as 
many as 137 (47.4% of those diagnosed with MH) have at least one additional VVD that is not part of the 
current screening but increases the vascular disease risk beyond that associated with MH alone, as shown in 
Figure 10. The four graphs below illustrate that VVDs other than MH occur in the absence of MH in very 
few patients with EPP and in more patients with CHAT and in yet more with ecphasia and in 87 patients with 
DHRV that is for a total of 182 subjects, representing 15.5% of the study population. In this study, BP and 
HR data available hourly for only 24 hours were complemented by an assessment of the left ventricular mass 
index as a surrogate outcome measure. In addition to MH, EPP, CHAT, and DHRV summarized from 
another earlier study (Figure 10), ecphasia was assessed. The great limitation of a record covering only 24 
hours is not overcome by the relatively large study population of 1,177 subjects not treated with anti-
hypertensive agents, yet results in keeping with those obtained in a clinic population of 297 patients suggest 
that MH is to be recognized as a VVD and that its risk can be very greatly increased when other VVDs 
combine into VVSs that escape current diagnostics (see Figure 10). © Halberg. 
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Figure 4 
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Chronomics Detects Nocturnal Escape from Treatment (I), Risk of Stroke and Nephropathy 
Greater than Hypertension (IIA-B), even in MESOR-Normotension (IIC) and Monitors 

Transient and/or Lasting Success of Treatment (IIIA-C)*

* During span examined, demonstrating the desirability of lifetime monitoring once abnormality in the normal range is detected (IIC).

Stacked from 11 days of around-the-clock monitoring;
Office spotchecks cannot detect nocturnal pathology.
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