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INTRODUCTION

The implementation of heart rate variability analysis {(HVA)
in industrial production practice is greatly interfered with by the
fact that s indicators are influenced by posture and timming of
the examination over 24 hours. This necessitates the undertaking
of specific investigation for precise quantitalive assessment of the
corrslations involved with the purpose to recalculate values obtain-
ed in single examinations through their multipiication by translat-
ad coefficients.

Of all factors exerling an effect on the cardiovascular sys-
tem during body transition from horzontal Lo vertical position,
the alteration of hydrostalic pressure with ensuing blood redistri-
Gution is the most important one. As a result of venous stasis,
venous pressure at heart and thoracic cage level, stroke volume
and systolic blood pressure are decreased. This in turn, necessitat-
es triggering of a number of physiclogical mechanisms, accomplish-
ing active adaptive hemodynamic reactions of a reflex nature. K
is believed that the veflex arch is initiated by the arterial baro-
and stretch receptors of the intrathoracic vessels (in aortic arch,
carolid sinus, ete). Moreover, during rather prolonged maintain-
ing of the standing evect posture, certain humoral regulation me-
chanisms are also included, such as enhanced catecholamine sec-
elion from the adrenal glands, renin-anglolensin system activa-
tion as well @8 enhanced vasopressin and aldosterone release. Si-
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multaneously, the peripheral vessels in striated muscles, skin, kid-
neys and splanchnic region are contracted, giving rise to a short-
corm increase of mean wrterial pressure. The central blood press-
wre drops by 3-8 Torr with parallel acceleration of heart rate by
20 per cent of the values for recumbency. The stroke volume and
cardiae oub-pul decrease owing Lo reduced venous supply, follow-
e by a gradual recovery of the initial values as a result of vascul-
ar spesm. Overall peripheral resistance augments parallel o the
diminishing blood volume in capacity vessels. The changes in car-
diovascular system described, associated with a different postur-
al aclivity, are likewise mimored in the heart rhythm indicators
which necessitates unification of their concrete values to those
of the “supine” posture in each examination. Vybiral et al. /1/
were successful in demonstrating that in +70° passive body tilt,
ihe standard deviation (8D} of the cardicinterval (R—R interval)
decreases, as well as the indicator Vi and the highfrequency comi-
ponent of the frequential FHRS component sugments, as well
a5 the difference between maximal and minimal cardiointerval
during deep expiration. Similar data have been reported by Fal-
len et al. /2 according to which the spectral energy of FHERS in
the range 0.1 Hg shows staiistically highly significant difference
upon comparison of the supine and standing position of the body.
The alteration in pulse variance as the result of postural change
was used by Kurolwa et al. /3/ as an objective criterion to assay
autonomic dysfunction, associated with a number of diseases,
namely: spinocerebellar degeneration, syndrome of Bhy-—Drager,
parkinsonism, diabeles mellitus, stc. On the other hand, Simp-
son and Wicks /4/ established that baroreceptor-retated heart rate
variability in different postures is an indicalor strongly affect.-
ed by the age of the subjects under study. A simnitar analysis of
the phisiological mechanisms of initial heart rate response to post-
ural change is presented by Borst et al. /5/. Unfortunately, the
cited work pontains no data concerning variability and spectral
parameters of the heart rhythm.

An identical problems is the one linked to the necessity
of unification in terms of circadian biorhythmic changes in the
cardiovascular system. Ninomiya et al. /6/ studied the dynamie
pattern of pulse rate, its variance and variation coefficients during
24 hour Holter monitoring. They found a bimodal distribution
of the cardiointervals, with their number in nocturnal hours a sta-
tistically highly significant lowering. The circadian dependence
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of heart rhythm was documented by other authors too: Clark
et al [T/, Glagov 8/, Drodsky /9/, etc. According to- Stefikova et
al. /107, the circadian rhythm of heat rate variability is largely
dependent on the 24-hour curve of body temperature and phy-
sical activity of the individual.

ln ihe opinion of Burdick et al /1l1j the heart rate varia-
Cbility is altered not only with respect to sleep and wakefulness,

but also depending on the type of sieep. For instance, during REEM
stage it may reveal heightened values. as compared to wakeful-
ness and fourth stage of sleep.

(ur experience similarly shows that heart rhyihm indica-
tors gre under shrong circadian influence /12, 14/. However, in
our recent investigations, the examinees were workers, examined
during day and night shift work schedules. The obtained data in
this group could not be dene only in persons ahiding to the norm-
al course of transition from sleep to wakefulness, and vice versa.

PURPGEE

It is the purpese of this study tlo work out translation co-
efficients for sitting and standing relative to resting supine postur
es, at single hours throughout the day relative to 0,00 am {morning}
¢y the basic indicators of the hearl rate variability analysis, and
more particularly for the most frequently used one - the so-call-
e classification indicator (Cl).

EXPERIMENTAL SETUP AND RESULTS

Registration and mathematical assessment of the indica-
tors of heart rate variability analysis (HVA) was done after the
method suggested by B, Danev [ 153/, The study was conducted
in two s;expzzi“i mental sets.

a} Experimental sel one. ¥orty persons were examined
in standing, sitting and supine posture sustained for ten minutes.
Values obtained for the differenet postures wete averaged. Thus
a matrix comprising 40 pewsons and 3 different postures result-
o, In the first 20 subjects apart from (1, the indicators listed In
Table 1 were also registered and gtatistically compared. From the
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using descriptive statistical methods, and for the twelve hour in-
tervals statistical magnitudes were calculated. As shown by the
data, there was adequately expressed circadian rhythm; the Cl
values at 21 and 23 hours were considered as the most unfavour-
able, and had negative values. At night, especially about 5.00 am,
1 values were the highest, pointing to an optimally expressed
predominant pagsympathetic  difference at significance level
p « 0,05 was disclosed by the values at 13, 15, 17,19, 21, 23,
01, 05 and 07 hour, caleculated by the Studeni—Tisher criterion,
i. e. by rejecting the zero hypothesis. Through modelling by hne-
ar regression of the mean Cl velues in the single hour measure-
menis, & high correlation coefficient was obtained: R = —0.81,
respectively determination coefficient 65.9 per cent, with the F
criterion  corrchorating the model feasibility {y = 208942 -
2.1454%), Based on the latter, levelling of the mean C1 values over
44 hours was performed, Using this model it becomes
possible to prognosticale a given averagegroup value at interme-
digte houss uninvestigated by us. An sifempt was made {through
regression modelling) o work out tvanslation CI coefficients where
lata on twenly persons, measured at 9 am in the morning, were
weed 85 independent vartable. A high correlation coefficient {resp.
determination cosfficient) was obtained only in ierms of data
mezssured at 9 and 11 am {(correlation coefficient 0.98 and deter-
mination cosfficient 96.5 per cent}. For all remaining howrs these
coefficlents were quite low. A statistically significant difference
between the mean Cl values, measured at 9 am and all remaining
hours, except for 11 am, was present. Because of that the work-
ing out of translation coefficients for individual persons for all
remaining hours of the day, with the exceplion of 11 am, was
impossible on the ground of the facts so far accumulated. Possib-
ly, on increasing the number of persons examined, the correla-
tion coeffictents may also rise. Hence, the assumption is warrant-
erd that changes in CI associated with circadian rhythm are cha.
racterized by marked interindividual differences leading to increase
in variation, and i is guite possible that transialion coefficients
on the kind will hardly be created at all, or else they may be work-
ed out only in the evenl of a considerable increase in the number
of examinees which in tuen, will incresse the correlative depend-
ences under study.

Using interpolation procedure group translation coeffici-
ants for ©1 wvalues In the single howrs of the day were obiained
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(Table 2). Such coefficients are practicable only upon compar-
son of the average group Cl values, when their correlation with
respect to circadian biorhythms is required.

The comparatively broad ‘“scope” (ACI; difference Dbe-
tween the lowest and highest meanings of the indicator in absol-
ute values) confirms on the one hand, its strong dependence on
the hour of day, and on the other, compliance with the latter duxing
terrain investigations, usually carried out during different hours
of the day.

This is a fact pointing to the uimost methodological import-
ance of the problem, and what is more, not merely in terms of
£1, but also in terms of all the other projects contain elements
requiring large scale and comprehensive scientific research work.

CONCLUSION

In the experiment described only normal persons in act-
ive age participated. Hence it could hardly claim comprehensive-
ness since most likely, the different postures and time of day will
not affect analogically the HVA indicators in patients, children
and elderly persons. For this reason algebraic and group transla-
tion coefficients found are irrelevant for them. Similar investiga-
tinns with precisely defined contingents from the mentioned groups
will be needed.

The aforementioned facts reiterate the 1. thodological
complexity of the task undertaken. The selection of experiment-
al subjects, regimen of nutrition and work, wakefulness-sleep cycle
and the like also account for noticeable complications. For in-
stance, to monitor the civcadian course of HVA values, we studi-
ed university students staying awake till midnight. Some watched
TV.programs, others played cards and chess. Owing to that the
Ci-values were the lowest at 11 pm. However, immediately after
falling asteep, these values exhibited a sivong increase, and thus
an unnatural steep fransition resulted. Presumably, in the study
of a population with different sleep and wakefulness regimen,
the circadian curve will show a “smoother’ pattermn.

Summarizing, the inference is reached that fo obiain re-
liable coefficients of the indicators evaluated, a considerable in-
crease in the number of examinees will be required which is a task
difficult to fulfill in texrms of circadian changes.

1066




a3

REFERENCES

Vybiral, T., R. d. Bryg, M. E. Maddena, W. E. Boden. Effect
of passive tilt on sympathelic and parasympathetic com-
ponents of heart rate variabiiity n normal subjects. Am.
J. Cardiology, 63, 15,1989, 11171120,

valen, E. L., M. V. Kamath, D. N. Chista. Power spectrum
of heart rate varibility: a non-invasive test of integrated
neurccardiac function. Clin., Invest. Med., 11, 5, 1988,
33135340,

CKurciwa, ¥., T. Wada, H. Tohgi. Measurement of blood press-

ure and heart rate variation while resting supine and stand-

ing for evaluation of autonomic dysfunction. J. Neurol.,

245, 2, 1887, 6664,

. Simpson, D. M., R. Wicks. Spectral analysis of hearl rate in-

dicates reduced baroveceptorrelated heart rate variabili-

ty in elderly person. d. Gerantol., 43, 1, 1988, 2124,

_ Borst, ., W. Wieling, 4. ¥ WM. van Brederode, A. Heond, L.
G, de Rijk, A, 3. Dunning. Mechanisms of initial heart rate
response to postural change. am, J. Physiol., 243, 188%Z,
4676—4681.

Ninomiya, b, N. Nishiura, K. Shimomura, Twenty-four-hour
patiern of ventricular excitation vhythm in resting normal
human subjects. Japanese d. Physiol., 38, 1983, 37H—&86.

O (lark, 4. M., J. Hamer, J. R. Shelion, 5. TFaylor, G. R, Ven-

nig. The rhythm of the normal human heart. Lancei, 1,

1934, b08—561z.

5. Glagoy, 3., Do A, Rowley, D. B. Cramer, K. . Page. Heart

vates during 24 hours of usual activity for 100 normal men.

J. Appl. Physiol., 29, 1870, 790805,

. Brodsky, M., D. Wu, P. Denes, C. Kanakis, K. M. Rosen. Ar

rythmias document by 24 hour eONTINMUGGUS eiecmroc'ardm—

graphic monitoring in 50 male medical sudents thﬁh‘out

apparent heart disease. Am. J. Cardiol., w9, 1977, 3450

395. ) , . _—

o Grefikova, H., E. Soveikova, M. Bronis. The circadian royihim

of selected parameters of heart rate variabihty, Physiol.

Bohemosiov., 35, 3, 1886, 227234,

106

Amyr

T

11. Burdick, 4. A., G. Brinton, L. Goldstein, M. Laszlo, Heart rate
variabilty in sleep and wakefulness. Cardiology, 55, 1970,
7983,

12. Humwonosa, P., C. Haven. [lupxamianusdi pUTM CepieuHon
BAPUACENBHOCTH B YOIOBHAX Thyia., MexayHapojHas
HIKOHE MONONBIX YUGHBIX U CIEeUWaiIHCcTOR CTPAH "WIeHOB
033 — ,Turueda tpyna B yenosuax HTP”, Bapua, 2—10.
06.1989.

13, [axen, C. MuhopMaTHBHOCT HA CHRABYHMA DHIBM B TRYIOBO-
duzHonorkyed acneky, MMXIT3, MA, Hoxr. mxc., 1989,

14, Tsaneva, N., R. Nikolova, M. Tonalova, S, Danev. Changes in
the organism of shift workers operating a day and night
shift 24-hour schedule in carbon disulfide production.
9th International synposium on night and shift work, Ve-
rona, 18—22 September, 1989.

15. Gerutti, 8., A. Bianchi et al. Compressed Speciral Arrays for
the Analysis of 24-hour Heart Rate Variability Signal:
Enhancement of Parameters and Data Reduction. Com-
puters and Biochemical Research, 22, 1988, 424 441.




