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In the present research the visualization of amplitude-phase relationships in entrainment processes is
based on the expression serial time sections [3] allow tracing the behavior of different parameters of any
rhythmical component of spectrum during a time which includes spans before, during and after any synchro-
nizing (desynchronizing) event. There is a simple and noninvasive method for acquiring information on the
visualization of amplitude-phase relationships. The method used the mathematical and graphic analysis si-
multaneously visualization the dynamics of amplitude, its statistical significance and acrophase in entrain-
ment processes, the three modifications of serial sections was elaborated: procedure of adding logarithms of
P-values-matrices, plotting 2D image and 3D image.

As examples for illustration serial section method, automatic measurements of blood pressure (BP),
both systolic (S) and diastolic (D), and heart rate (HR) were used. Five flights from Minneapolis (USA) to
Saint-Petersburg (Russia) crossing 9 time zones and 4 flights in the opposite direction were performed during
that time (during the second return flight, no measurements were taken).

The simultaneous drop in amplitude and the rapid shift in acrophase associated with West-to-East
flights, and more gradual changes for East-to-the-West flights led to the hypothesis that the rapid entrainment
is performed by collapse of the rhythm at a singularity time point.

Application of the present method has allowed the authors to carry out visualised dynamic chronobio-
logical the control parameters of cardiovascular system.

The method has higher diagnostic value in comparison with well-known procedures of an estimation of
chronomedicine.

Key words: entrainment processes, chronome, changing environmental conditions, 2D & 3D graphs
arranged, computing gliding spectra, spectral domain, Program DYP (Dynamic Periodogram, adaptation of
different cardiovascular variables, adaptation of different cardiovascular variables, West-to-East flights
(W-E), East-to-West flights (E-W), shifting direction of the circadian and circasemidian spectral components.

Introduction (background). Biological rhythm, periodic biological fluctuation
in an organism that corresponds to, and is in response to, periodic environmental change.
In biometrically processing temporal series of biodata, time (T) may be regarded as a sys-
tematic parameter which is independent on the biological variable under scrutiny. Time
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illustrates how the biovariable changes, but it is not the causal determinant of that change,
which, in turn, depends on the dynamic properties of living matter.

Statistically speaking, phenomenon Y and time T are associated, but time is not
a random variable, its progression being numerically predictable.

In general, the level of Y (Yt) at a given time (t) is related to the precedent value. For
this reason, any temporal series may be said to be autoregressive and historical. If the re-
lationship between Y and T maintains itself unchanged, we will have a linear tempo-
ral phenomenon. If the relationship changes spontaneously we will have a non-linear
temporal event. If the relationship resumes the same value at t time we will have a cyclic
phenomenon.

In descriptive terms, temporal data of a cyclic phenomenon, based on a given unit
of time can be divided into various components: 1. a fundamental harmonic component
that expresses the true periodic structure of the rhythmic phenomenon; 2. one or more
subharmonic components whose period is a submultiple of the principal wave; 3. a ran-
dom component that corresponds to the noise eliminated by the oscillatory curve.

Thus, biological noise is typical in a discrete series, and it influences the biometrical
estimates of numerical statistics. However, biological noise is not accounted for in the
continuous series, and it has very little influence on analytical statistics. In biometrically
analyzing time data series, chronobiology applies both methodologies, i.e., 1. Numerical
or non-inferential or macroscopic chronobiometry; 2. Analytical or inferential or micro-
scopic chronobiometry.

Understanding the message of chronobiology requires renunciation of the concept
of homeostasis or adaptation, as well as a reformulation of the biological principles dic-
tated by C. Bernard. Chronobiology holds that the physiology of vital functions does not
answer to the laws of steady state, invariance, or the unconditional return to the initial
equilibrium following a perturbation.

At the present time there is a limited number of scientific researches on an estima-
tion chronome’s method for the analysis of velocity of adaptive reactions during chang-
ing environmental conditions.

Objective (aim). Prove scientifically that the methods visualization of amplitude-
phase relationships at entrainment processes give rise to descriptive, integrative and evo-
lutive chronobiometry during adaptive processes in chronome in the changed environ-
mental conditions.

Material and Methods. The method used the mathematical and graphic analysis
simultaneously visualization the dynamics of amplitude, its statistical significance and
acrophase in entrainment processes, the three modifications of serial sections was elabo-
rated: procedure of adding logarithms of P-values-matrices, plotting 2D image and 3D
image.

Computing gliding spectra in any spectral domain was elaborated as the second
step of the development of the serial section approach. In 1978 V.M. Sysuev [4] proposed
it for R-R intervals analysis of electrocardiograms. The method was developed later for
both equidistant time series on the basis of Fourier transformation [5, 6] and for non-equi-
distant data on the least squares approximation [7, 8].
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As examples for illustration serial section method, automatic measurements of blood
pressure (BP), both systolic (S) and diastolic (D), and heart rate (HR) were used. They
had been carried out by GSK, a man of 72 at the start of observations on March 31 1998,
using the ABPM-630 monitor from Colin Medical (Komaki, Japan) and the TM-2421
monitor from A&D (Tokyo, Japan) during more than 11 years, with measurements every
30 minutes with several occasional gaps (total of about 200,000 records of every vari-
able). Five flights from Minneapolis (USA) to Saint-Petersburg (Russia) crossing 9 time
zones and 4 flights in the opposite direction were performed during that time (during
the second return flight, no measurements were taken).

Results. Entrainment processes arise in chronome at changing environmental condi-
tions, especially at shifting synchronizer’s timing [1, 2]. Serial time sections [3] allow
tracing the behavior of different parameters of any rhythmical component of spectrum
during a time which includes spans before, during and after any synchronizing (desyn-
chronizing) event. MESOR, amplitude, acrophase and their confidence intervals, as well
as P-value itself are taken into account. Their dynamics usually is presented as several
2D graphs arranged on the paper sheet in consecutive rows (Fig. 1, Fig. 1A).
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Fig. 1. Dynamics of different parameters (serial sections) of 24-hour spectral component*:
west-to-the-east flight crossing 9 time zones
*Results of automatic measurements of diastolic blood pressure every 30 minutes using TM2421 monitor
(A&D Company, Japan) in 2005 by GSK, a man of 79. Flight from Minneapolis (USA)
to Saint-Petersburg (Russia) 28 Sept 2005. Intervals = 48 h, increments =6 h.
Thin congruent lines — 95% confidence limits
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(Fig. 1A). Dynamics of different parameters (serial sections) of 24-hour spectral
component*: east-to-the-west flight crossing 9 time zones.

*Results of automatic measurements of diastolic blood pressure every 30 minutes
using TM2421 monitor (A&D Company, Japan) in 2005 by GSK, a man of 79.
Flight from Minneapolis (USA) to Saint-Petersburg (Russia) 29 Nov 2005.
Intervals = 48 h, increments = 6 h. Thin congruent lines — 95% confidence limits

The next modification was realized as the Program DYP (Dynamic Periodogram
[9]), which allows presenting the output results for dynamics of MESOR, amplitudes,
acrophases and their standard errors as well as P-values, determination coefficients (per-
centage rhythm) and residual sums of squares for every trial period (in the limits of the
chosen spectral domain) and for every time point in the series of data (depending on cho-
sen interval and increment). The output files are matrices, and it makes it possible to use
them for the next computing according to the rules of linear algebra, e.g. averaging
rhythm parameters of the different individual time series (equivalent of the C. Chree’s
method of superposed epochs [10]).

Especially important in these terms is the procedure of adding logarithms of P-va-
lues-matrices, which makes it possible not only to reveal but at the same time to amplify
(or to neglect) statistical significance of mutually coinciding spectral components in
groups of comparable objects. As en example, Fig. 2 demonstrates regularities of adapta-
tion of different cardiovascular variables across all transmeridian flights mentioned
above. Rapid crossing of 9 time zones during the West-to-East flights (W-E) in all vari-
ables results in singularity in behavior of 24-hour cardiovascular oscillator. Gradual adap-
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tation during East-to-West flights (E-W) accompanied by their interruptions for the night
span lasting about 12 hours (see Table 1) produces correspondingly gradual entrainment.
12-hour oscillator demonstrates no singularities (note that after the rapid dislocation
crossing 7 time zones, phase adjustment occurred in shorter time span at E-W but not
at W-E flights).

PERIOD LENGTHS (hours); Dashed lines — traditional circadian limits

24- AND 12-HOUR OSCILLATORS
DYNAMICS OF CARDIOVASCULAR FUNCTIONS
AT CROSSING 9 TIME ZONES IN DIFFERENT DIRECTIONS

to the EAST to the WEST

Y

-8 6 -4-2 0 2 4 6 8 8-6-4-2 0 2 4 6 8
Time (days related to flights, the start day is taken as 0)
Fig. 2. 12-hour spectral component could not been revealed statistically significant

during all time of observation when an interval of 48 hours was used for analysis
(48 observations in every interval was insufficient)

DIASTOLIC BP SYSTOLIC BP

HEART RATE
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Table 1
Schedule of the flights in 2005* Central Standard Time of USA

Events CST Time Trip duration
Departure from Minneapolis Sep 28 15:25 15 h 05 min
Interruption the flight in Amsterdam for 3 hours
Arrival lo St-Petersburg Sep 29 6:40
Departure from St-Petersburg Nov 28 7:50 26 h 55 min
Interruption die flight in Amsterdam for ~ 12 hours (night rest in the hotel)
Arrival to Minneapolis Nov 29 10:45

Resolving power of the method depends on two options: the length of the interval
(a window taken as quasi-stationary) and the value of the increment of gliding procedure:
the more rapid changes should be caught, the shorter should be both options, however
such approach might mask some general regularities because the gliding (averaging)
effect and statistical significance of results become weaker. This is the reason why
in examining some time series, it is necessary to make several analyses using different
intervals and increments.

Fig. 2 shows that the 12-hour spectral component could not been revealed statisti-
cally significant during all time of observation when an interval of 48 hours was used for
analysis (48 observations in every interval was insufficient). To better reveal the behavior
of this component, the interval was increased up to 14 days (336 observations per interval).

Effect is demonstrated in Fig. 3: shift of acrophases is shown contemporarily for
both 12- and 24-hour components (only they were picked out from the whole matrix
obtained by the DYP-procedure). The results of different flights in turn were averaged
and 95% confidence intervals computed. Statistical significance became enough to de-
clare that entrainment of those components was reached by shifting phases in different
directions.
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Fig. 3. Phase shift of 24- (red) and 12-hour (blue) spectral components
during flights crossing 9 time zones*

*Results of automatic measurements of diastolic blood pressure every 30 minutes using TM2421 monitor (A&D company,
Japan) in 1999—2007 by GSK, a man of 73 at the first flight. 5 flights from Minneapolis (USA) to Saint-Petersburg (Russia)
and 3 ones in opposite direction. Data averaged by flights. Vertical bars — 95% confidence limits. Intervals = 14 d, incre-
ments = 1 d. Dimmed areas correspond to the interval widths
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The simultaneous drop in amplitude and the rapid shift in acrophase associated with
West-to-East flights, and more gradual changes for East-to-the-West flights led to the hypo-
thesis that the rapid entrainment is performed by collapse of the rhythm at a singularity time
point. The interval and increment shortenings should be the way to support (or to reject)
this hypothesis, and DBP was analyzed using 30-hour intervals and 1.5-hour increments.
The observations related to the flights in 2005 were taken as an example (Table 1). Again,
gliding spectrum was computed by the program DYP, and results dealing only with
the 24-hour component were picked out and used for the next plotting.

To show simultaneously the dynamics of amplitude, its statistical significance and
acrophase, the third modification of serial sections was elaborated: plotting 3D image,
which can be presented instead of a set of consecutive 2D graphs.

Shift of acrophases is shown contemporarily for both 12- and 24-hour components
(only they were picked out from the whole matrix obtained by the DYP-procedure).

On the 3D Fig. 4A, time in relation to the flight is scaled as X-axis, acrophases of
rhythm as Y-axis, and relative amplitudes (A/M*100%) as Z-axis. Shading the amplitudes
corresponds to different levels of statistical significance. Such graph (being plotted in
MS Excel) can be turned during its creation around each of the axes, to make it visible and
mostly distinguishable those details which deserve the most attention. At the elevation 90°
and rotation 0°, the phase shift may be observed in 2D mode, at the elevation 0° and rota-
tion 90°, dynamics of amplitude, and at the elevation 0° and rotation 180°, the variability of
acrophase before and after flight as well as its time shift might be shown (Fig. 4B).
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Fig. 4A. Visualisation of amplitude-phase relationships during west-to-east (top)
and east-to-west (bottom) flights crossing 9 time zones*

* Results of automatic measurements of diastolic blood pressure every 30 minutes using TM2421 monitor (A&D company,
Japan) in 2005 by GSK, a man of 79. Flights from Minneapolis (USA) to Saint-Petersburg (Russia) and back.
** Green corresponds to the amplitude values at P > 0.05. Intervals = 30 h, Increments = 1.5 h
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Fig. 4 B. Different projections of the 3D image
demonstrate various aspects of entrainment

Discussion. This article is a concise attempt to outline the principles and methods
of chronobiology. Thereby in biometrically processing temporal series of biodata, time
(T) may be regarded as a systematic parameter which is independent on the biological
variable under scrutiny. Time illustrates how the biovariable changes, but it is not the
causal determinant of that change, which, in turn, depends on the dynamic properties
of living matter. We hope that these guidelines will be useful to the clinical practice, aero-
space medicine, environmental health etc. More research is necessary, particularly in the
identification of useful circadian phase and amplitude relationships markers that might
help to define chronom type of patients.

Conclusions. The method has higher diagnostic value in comparison with well-
known procedures of an estimation of biorhythms. It has been shown simultaneously
the dynamics of amplitude, its statistical significance and acrophase. The three modi-
fication of serial sections was elaborated: procedure of adding logarithms of P-values-
matrices, plotting 2D image and 3D image. The visualization of amplitude-phase rela-
tionships in entrainment processes allows to carry out the dynamic control at any stage
chronoadaptation of organism.
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BU3YAJINSALUA AMIUJIUTYAHO-PA30BbIX
NAPAMETPOB BUOPUTMOB
B MPOLECCE UX CUHXPOHU3ALUU

I'.C. Katunac, K. KopHesmnccesn,
O. lIBapuxond, ®. Xandepr

JlabopaTtopust XpOHOOHOIOTUH
Yuausepcurer Munnecots! Kopnyc Maiio
oucwt 715, 733-735 (7 smaorc) Munneanonuce. Iloumoswiil k00 8609,
yauya Jlenasap 420, 2opod Munneanonuc, MN 55 455 CIIIA

C.M. Yubucos, C.A. lllactyH,
B.E. /IBopHuKkoB, B.A. ®posoB

Poccuiickuit yauBepcuteT qpyxObl HAPOJAOB
y. Muxnyxo-Maxnas 8, Mockea, Poccus, 117198

Hacrosiiee ncenejopanme 1o BU3yalnu3alyy aMILTHTYTHO-(Da30BbIX TapaMeTpoB OHOPUTMOB B MpOIIEC-
Ce UX CHHXPOHHM3AIIMK OCHOBAHO Ha BBIIENICHUH TTOCIIEI0BATENFHBIX BPEMEHHBIX HHTEPBAIOB [3], KOTOpHIE
I03BOJIAIOT MPOCIIEKUBATH TIOBEICHUE Pa3IMYHBIX N1apaMeTPOB JIFOOOr0 PUTMIYHOTO KOMIIOHEHTA CHEKTpa
B TEUEHHE BPEMEHHU, KOTOPOE BKIIFOUAET MPOMEXYTKH JI0, B TEUCHHE 1 NOCIE JIF0O0r0 CHHXPOHU3ALHOHHOTO
(IecHHXPOHU3AIMOHHOTO) CITyYast.

21



Bectauk PYIH, cepust Meouyuna, 2012, Ne 2

EcTh npocToil HEMHBA3UBHBIM METOX IS TOTO, YTOOBI MPUOOpPECTH NHGOPMAIIUIO OTHOCUTEIBEHO
BU3yaIM3aIMN aMIUTATYAHO-(A30BbIX KOppENAIHid. MEeToI UCIIOb3yeT MAaTEMAaTHUECKUN 1 rpaduIeCKuit
aHaJIM3 OJTHOBPEMEHHON BU3yalu3allMyd JTUHAMUKH aMIUTUTY/bI, €€ CTATUCTUYECKOrO 3HAYCHHUS U BENU-
4yuHbI akpodassl B Mpolieccax 3axBaTa. Tak xe ObUIM pa3paboTaHbl TPU MOAU(UKALMY TI0CIE0BATENbHBIX
CeKIuil: mporenypa 100aBIAIOMHUX JIOrapu(MOB TOCTOBEPHBIX MATPHI], ABYX- H TPEXMEPHBIE N300pa-
JKEHHUSI TIPOLIECCOB.

B xadecTBe WLTIOCTPALMH HCIONB30BATUCH [OCIENIOBATENBHBIE PS/IbL, KOTOPbIE BKIIIOYAIN: aBTOMA-
THYECKHE W3MepeHusl KpoBsiHoro AaBienus (BP), ero cucromuueckoii (S) u muacronudeckoit (D) komrio-
HEHTBI, a TaKKe 4acToTy cepaeunbix cokpamenuit (UCC). beun npoaHau3npoBaHbl XpOHOOHOIOTHYE-
CKHE TMOKAa3aTeNd CepICYHO-COCYTUCTON CUCTEMBI BO BpeMs MATH moJieToB u3 MunHeanonuca (CIIA)
B Cankr-IletepOypr (Poccus), ¢ mepeceucHreM 9 4acoBBIX MOSCOB U YETHIPEX TOJIETOB B MPOTUBOIIO-
JI0)KHOM HarpaBJIeHHH.

OIHOBPEMEHHOE TIOHIDKEHUE aMIUTUTY bl M ObICTphIC M3MEHEHUsI B akpodase, CBA3aHHBIE C IOJIETOM
«C 3amajia Ha BOCTOK», U 0ojiee MOCTEIICHHBIE N3MEHEHHsI aHAIOTHYHBIX [IOKa3aTelell B HalpaBIeHUU
TIOJIETOB «C BOCTOKA Ha 3alaiy MPUBEIH aBTOPOB K THIIOTE3€, YTO OBICTPBIE H3MEHEHHS MOTYT BBI3BIBATH
«IOJIOMKY» U3y4aCMbIX 6I/IOPHTMOHOFI/I'{CCKI/IX XapaKTCPUCTHK.

ITprMeHeHre HACTOSIIETO METO/Ia TO3BOJIMIIO aBTOPaM BBITIOJIHSTH BU3YaTN3UPyEMbIi AMHAMIYECKUI
KOHTPOJIb XPOHOONOJIOTHUECKHUX TAPAMETPOB CEPAEUHO-COCYAUCTON CHCTEMBEI.

Taxum 06pa3oM, JaHHBIH METOJ XapaKTepu3yeTcst 601ee BHICOKOH IPOrHOCTHYECKOH IIEHHOCTBIO
10 CPAaBHEHUIO C U3BECTHBIMH CIIOCOOAMHU, TPUMEHSIEMBIMH B XPOHOOHOJIOTHH.

KuroueBble ciioBa: 6I/IOpI/ITMbI, MCTO/JIbI aHAJIN3a.





