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Anapryline injection coupled with P M F  showed no sig- 
nificant increase of  mitosis number. 

T h ~ ,  P M F  stimulates the proliferative activity of 
the normal and altered liver. A significant role in the 
realization of  this effect belongs to the  sympathet ic  
part of  the autonomic  nervous system. 
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(02) , ECG,  EEG,  gastric juice acidity, body and sur- 
face temperature,  motor  activity, and other  functions 
has made  diagnostic medic ine  more  effective. Many 
new monitoring methods are reserved for solving some 
special problems, those of  chronobiology among them. 

Chronob io logy  is t he  science of  the tempora l  
structure of life. The concepts  and facts belonging to 
this discipline relate  to the  in format ion  containing 
t ime series. 
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TABLE 1. Mean Systolic and Diastolic Pressure (SAP and DAP) Mesors in Women  at a High and Low Risk of Developing  Mesor 
Hypertension Monitored at Four Seasons over 24 h with 10 rain Intervals" 

Season 

SAP 
Winter 
Spring 
Summer 
Autumn 
DAP 
Winter 
Spring 
Summer 
Au~mn 

Group 

Differences 
High risk 

M+_SE 

(n=9) 
103.3• 

96.94-1.3 

97.2---1.4 

99.8 - 1.7 

(n=6) 
65.9 • 1.4 
64.2---0.8 
63.8• 
63.7---1.4 

Low Risk 
M+_SE 

(n = 19) 
109.5-*-2.3 
108.1 ---2.8 
105.3• 
106.6• 

(n=5) 
69.74-2.2 
67.9 -+-3.8 
67.6-+2.9 
71.3• 

1.57 
2.63 
2.37 
2.08 

1.46 
1.04 
1.24 
2.58 

0.127 
0.014 
0.025 
0.047 

0.170 
0.321 
0.245 
0.030 

Note: Asterisk: risk is explained by family history of high arterial pressure, cardiovascular disease (or black race), obesity, and a 
note in the examinee 's  case history about tachycardia or arterial pressure rises. 

The usefulness of analyzing serial data structure 
and interpreting these data from a social medicine 
viewpoint stem from the possibility of assessing dis- 
ease risk in healthy subjects and complications in 
patients by making use of information on rhythm 

| % 

Risk: 
[ ]  deviation offunefions of heart, lung, 

and/or blood 
[ ]  rapid and Iong-I',~ting effects of treatment 

[ ]  perinatal mo~ztliw 

Fig. 1. International study ("womb to tomb" program) of the 
human AP chronome, the time structure of vital physiological 
functions, including rhythms of different frequencies, and a g e -  
related trends in connection with development,  maturation, and 
aging. Rhythm phases associated with heightened sensitivity and/  
or risk (chronorisk) may be recognized and utilized, as shown 
in Fig. 2. Five objects for lowerin  9 the risk of developing  
hypertension: 1) pregnant woman; 2) young child; 3) student; 
4) adult; 5) elderly person chronome: norm for estimating t i m e -  
dependent  risk of disease {chronorisk). 

characteristics. This is why monitoring of various 
physiological functions is highly effective, particularly 
in the case of AP monitoring. Chronobiologists as- 
sess AP excess of deficit as the product of AP and 
time, which may be demonstrated by the AP moni- 
toring curve square, where this product has neither 
upper nor lower limits. The introduction of an AP 
excess hyperbaric index is advisable, this index being 
presented in mm Hg • h over 24 h and describing 
the duration of the AP deviation period. New tech- 
nology helps chronobiologists define the group and 
individual reference values which may help interpret 
simple time-specific measurements. 

Standard borders accepted by clinicians as the 
reference borders for the diagnosis of elevated AP are 
arbitrarily fixed and based on random measurements, 
Therefore the AP range approved by WHO (but not 
chronobiologists!) may be conducive to false positive 
or false negative diagnoses of benign hypertension in 
25 to 48% of the population. The WHO-sanctioned 
fixed ALP range (e.g., 140/90 mrn Hg) is chrono- 
biologically unacceptable if we take into considera- 
tion the amplitude of AP changes over 24 h in nor- 
mal subjects. The incorrectness of the universally 
accepted status quo results both in undesirable side 
effects of hypotensive therapy and in constant waste 
of money. Exercise and diet may be the preferred 
interventions in such cases, and dietetic of other limi- 
tations may become chronobiologically more specific. 

MATERIALS, METHODS AND RESULTS 
Chronobiological studies have shown that the 24-hour 
mean systolic AP in women with a high and low 
familial risk of developing high AP, when measured 
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Fig, 2. C h r o n o t h e r a p y  and  u sua l  p r o p r a n o l o l  t h e r a p y  of 
hypertension mesor, If the daily AP profile is studied and the 
chronor i sk  e s t ima t ed ,  it b e c o m e s  poss ib le  to a d m i n i s t e r  
antihypertensive agents for a certain time, achieving a bet ter  
and faster therapeutic effect with lower doses of drug. 

in the lying position varied over the seasons from 
110-105 to 103-97 mm Hg, respectively (Table 1). 
Differences were also detected in diastolic AP, which 
varied in various seasons from 68-71 to 64-66 rnm 

Hg, respectively. Julius et al. [3] investigated AP 
evolutions in 946 healthy subjects aged 18 to 38. An 
AP higher than 140/90 mm Fig was detected in 124 
examinees. Their systolic AP  was elevated in child- 
hood and postpubertal age (from 6 to 21). This in- 
vestigation was valuable in many respects: first, it was 
prolonged; second, it was started at a relatively young 
age; third, it irrvolved collection of data for 7 days; 
and fourth, it proved the usefulness of AP self-meas- 
urements twice a day. It is particularly important to 
detect AP changes in pregnancy, the first weeks of 
life, and during school hours (Fig. I). Studies in this 
field are a priority and international cooperation is 
desirable, all the more so that it has already yielded 
encouraging results (Table 2). The "office hyperten- 
sion" phenomenon merits the attention of chrono- 
biologists. Undersized fetuses and other pregnancy 
complications are more frequent in women with of- 
rice hypertension than in those with office normo- 
tension. Table 3 shows that 24-hour AP profiles of 
two groups of examinees are within the normal range 
on average. Measurements at rest are usually ignored 
and AP values at rest are not included, which is 
usually associated with the low level (bathyphase) of 
the AP circadian rhythm. Differences in labor out- 
comes are associated with statistically significant 

TABLE 2. Assessement of Cardiovascular Risk from Changes in Chronome Structure of Human Arterial Pressure. Circannual Changes 
in Circadian and Ultradian AP Characteristics in Newborns 

A. Circannual changes in circadian mesor and double am Dlitude reach their peaks mainly in winter 

J [ Double 
Parameter Group M Mesor 2A ~ M O amplitude .... 

SAP 

AP 

DAP 

p ~ M  m 

P - - M +  
P + M -  
P - - M -  
P - - M +  
P + M - -  
P - -M--  
P - - M +  
P + M - -  

71.7 
70.8 

73.8 1 
58,0 
57.3 
60.0 
43.9 
43.3 
45.0 

5.28 
5.42 
8,30 
4,9 

4,94 
6.80 
3.68 
3.18 
4.58 

--10 
--78 

- -  t20 
--10 
--66 

--121 
- - 8  

--58 
--112 

5.32 
5.84 
3.98 
5,14 
5.70 
4.00 
3.94 
4.56 
2.52 

1 .72  

1.10 
1 .74  

2,08 
0,72 
1.46 
1.38  

1.10 
1 .56  

-- 359 
-- 359 

--1 
-- 352 
--18 
--14 

-- 352 
--43 
--23 

B. Changes of circadian mesor are more pronounced in newborns with or without a history of high AP in their fathers 

Double circarmual amplitude 

Parameter P-M- P-M+ P+M- 

n=53 n=36 n=21 

SAP 
A P  
DAP 
HR 

5.2 
5.0 
3.6 
3,6 

5.4 
5.0 
3.2 
3.2 

8.4 
6,8 
4.6 
8.2 

Note: M - circannual mesor; 2A - double circannual amplitude; O - circannual acrophase (360 ~ = 365.25 days; 0~ December, 
22.00~176 measurements  of the time of all h igh  values. P - M - ,  P - M + ,  and P + M -  - familial history of high AP: absent ( - )  or 
present (+)  in fathers (P) or mothers (M); n: number of newborns in a group. 
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mesor differences. Even small-scale investigations 
demonstrate differences in the incidence of small-for- 
date fetuses in the two groups (Table 4). Five out 
of the 25 women with office hypertension had under- 
sized fetuses as shown by cardiotocography. These 
results were considered pathological in three out of 
25 hypertensive women in comparison with none of 
21 normotensive women. Cesarean sections were car- 
tied out in two of the 25 hypertensive women and 
in none of the 21 normotensive patients. A greater 
body of chronobiological data including labor out- 
comes should be collected in order to decide which, 
when, and how pregnant women should be treated. 

Chronobiologists advocate the wide use of round- 
the-clock measurements of human functions. Dynamic 
AP measurements are best of all carried out with 
ambulatory automatic devices. Manual measurements 
can serve the same purpose. 

Automatic monitors are available and are most 
frequently used to measure AP or the heart rate. 
Chronobiological interpretation of all physiological 
parameters including reai-time prolonged ECG and 
EEC recordings is a sine qua non in our opinion. 
There are two conditions chronobiologists insist upon. 
First, all medical records and serial or single meas- 
urements should be time-specific and chronobio- 
logically interpreted in the light of standards variabil- 
ity in time. Second, a chronobiological interpretation 
can and must be available at minimal cost, From a 
social medicine viewpoint the price of equipment for 
AP self-measurements (manual or, preferably, auto- 
matic) should be reasonable. Health self-care should 
become a subject taught in schools. Interpretation of 
time-dependent measurements of various physiologi- 
cal functions then becomes a component of education 
in the field of computer-realized chronobiological 
competence. Such competence helps personal self- 
care and environmental monitoring. 

Regular self-measurements of AP and heart rate 
in the family setting (so that the measurements may 

be carried out during sleeping hours as well) and at 
school in cooperation with the family are essential for 
progress in attaining this purpose, Schoolchildren and 
college students can be effectively trained in chrono- 
biology, the training to include the collection and 
interpretation of the results of measurements of AP, 
heart rate, and other physioloNcal parameters. Such 
chronobiological studies have won national regional 
support in the USA [7] and Italy [8] from govern- 
ment agencies. 

There are two approaches to interpreting any 
series of biological data: 1) determination of the 
rhythm structure with multiple frequencies and 2) use 
of primary prevention in time, which is more effec- 
tive as far as therapeutic measures are concerned, 
than a reaction to catastrophic events [1,2,6,11-13]. 
The prevention of infarctions and strokes and the 
reduction of suffering and costs should outweigh the 
expenditures for automatic monitors. 

Self-measurements carried out and analyzed 
chronobiologically help the patient and frequently 
bring about a placebo effect. Analysis of the psycho- 
somatic effects makes it possible to single out the 
following: the AP of elderly subjects may spontane- 
ously drop by the time when therapy may (or should) 
be stopped [15]; hence, intermittent replacement of 
drugs with placebo is advisable for elderly patients. 
Such switches from treatment to placebo and back to 
treatment (when necessary) are better controlled by 
round-the-clock self-measurements or, better still, by 
ambulatory AP monitoring. 

Self-measurements in obstetrics and neonatalogy 
using manual or automated devices is one more im- 
portant applications of chronobiological studies. Factors 
conducive to infant weight loss or to premature labor 
may be detected earlier, thus allowing for a preventive 
intervention. Since the time when preterm labor came 
to be associated with tremendous health service expen- 
ditures [18-231, different programs to combat it have 
been launched. Today neonatal monitoring is limited 

TABLE 3. AP in Pregnant  Women  with Office Hyper tens ion  (HT) and Normotension (NT) (M+_SE) 

Parameter 

Mesor, mm Hg 
MDM, mm Hg 
AT, h 

Mesor, mm Hg 
M DM, mm Hg 
AT, h 

2nd trimester 

rrr [ 
SAP 

116.6.- 12.5" 100.9-.-8.2" 
26.9-..5.7* 19.3-.-4.6" 
1609.-31~ 13o4.-3oi 

DAP 
71.9-.-10.0" [ 62.0-4-5.4 * 
20.7 4-4.9 18.0-.'5.2 
13404-5 as 141s"4-41~ 

Note: asterisk - p<0.01 (HT or NT); MDM - maximal deviation from mesor. 

3rd trimester 

HT NT 

119.1-.-11.0" 
27.7--5.8 
1332__+_4 sa 

74.5--8.2* 
22.7--7.2 
13,2__5 c9 

104.3-.-6.9" 
23.4-..6.3 
1519-..411 

64.9"..4.4* 
20.9--4.6 
1326-..4 I4 
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to the follow-up of the survival of premature infants. 
We consider that neonatal monitoring should be car- 
fled out in line with the "womb to tomb" program. 
A wealth of information on intensive follow-up of 
newborns and adults should be stored and analyzed in 
the form of chronobiological conclusions [6]. 

AP monitoring of "virtually healthy" subjects 
may detect many individuals who are at risk of de- 
veloping hypertension, can pinpoint false negative di- 
agnoses in the presence of a high hypertension risk, 
and will help prevent its complications. Chro- 
nobiological monitoring of patients with benign hy- 
pertension will help detect, for example, among preg- 
nant women those in need of treatment (those with 
false negative diagnoses, that is, with AP values within 
the normal range). These patients will be treated in- 
stead of those who do not need expensive antihy- 
pertensive treatment; hence, side effects will be ruled 
out and the quality of life on the whole impro- 
ved.These reasons are sufficient to justify the cost of 
monitoring, to  say nothing about the pricelessness of 
the quality of life. 

AP monitoring should be carried out in subjects 
of all age groups of both sexes, using time-specific 
ranges for each of these groups. This will help as- 
sess both the percent share and the time of  AP el- 
evation, as well as AP excess or deficit [11-13]. If 
it is known that AP excess occurs only at rest or at 
certain other hours of the day, therapy may be ad- 
ministered at the appropriate times. 

More than one hundred scientists from Austria, 
Bulgaria, France, Germany, Greece, Italy, Spain, and 
the USA reached a consensus at the Second Interna- 
tional Congress of Clinical Chronobiology at Monte 
Carlo in April, 1990. Later conferences of chrono- 
biologists reiterated their conclusions. 

Clinicians in Russia and other CIS countries, 
working under the ~ idance  of R. M. Zaslavskaya, 
demonstrated the possibility of improving the antihy- 
pertensive effect of beta-blockers and reducing the 
drug dose (p<0.05) merely by compiling round-the- 
clock AP profiles based on manual measurements and 
taking the drug 2 h before the circadian peak of AP 
(Fig. 2). The results obtained with AP may be ex- 
trapolated to other fields of chronomedicine. 

Chronobiology paves the way toward reducing - 
possibly toward preventing - suffering thanks to ear- 
lier detection of elevated AP and determination of 
the risks of an AP drop as soon as at childbirth and 
even in utero. Such risk may be detected by moni- 
toting the markers of the rhythm of the physiologi- 
cal parameters or by outpatient AP monitoring or 
self-measurements. 

The consensus reached at Monte Carlo appeals 
to ethics and to the economy: chronobiology has 

TABLE 4. Comparison of Labor Outcomes in Women with OIfice 
Hyper tens ion  (HT) and Normotension (NT) 

HT NT 
Labor outcome (n=25) (n=2) 

Preterm labor 
Small for date fetuses" 
Meconium in amniotic fluid 
Abnormal cardiograms** 
Cesarean section 

1 

5 
6 
3 

2/5  

Note:  a s t e r i sk :  p of F i s h e r ' s  tes t  =0.023;  two as t e r i sks :  
p=0.152. Two of five cesarean sections were not directly due 
to high AP. 

become a practical discipline thanks to self-care in- 
structions. 

The consensus presupposes that several problems 
should be discussed to improve the quality of the 
health service. ']"hey are as follows, as regards el- 
evated AP diagnosis and treatment: 
1. The date of examination should be so coded that 
specific standards of rhythm characteristics may be 
established. 
2. R%-nalar measurements may help detect the precise 
rhythm of mean values. 
3. The rhythm characteristics should be recognized as 
accurate indicators of changes and used for diagnosis 
and treatment. 
4. Rhythm changes should be regarded as harbingers 
of a high risk of disease. 
5. Rhythms (and the placebo test) should be used to 
rule out false diagnosis and not to start treatment, as 
well as to optimize the schedule of treatment when 
this is necessary. 
6. The times of intervention should be noted pro- 
spectively together with the results. 
7. To optimize introduction of these roles and their 
wider use in medicine, chronobiological examinations 
should be carried out in the framework of the 
"womb to tomb" program. This will help define the 
pattern of time structure of rhythms and trends in 
human subjects. 
8. It is high time that medical training systems real- 
ize the significance of recognizing the phenomena 
characterized by time structure. This time structure, 
defined as the chronome, should be depicted in the 
same way as the genome. 
9. The chronome is a genetically programmed and 
individually developed coded time structure of: 1) 
multifrequency rhythms; 2) trends of growth develop- 
ment, and maturity; and 3) development as a func- 
tion of age with marked changes at the beginning and 
late periods of life. As a direct consequence, the 
chronorisk may be located between life and death, as 
a function of the time of vulnerability changes dur- 
ing the course of life. Its accurate evaluation also 
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depends on  the shape of  the multifrequency spectrum 
(or trends) of  the rhy thm,  which  changes amidst  a 
mult i tude of  parameters.  
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