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ABPM records from 26 clinically healthy residents of Tosa City, Japan over 6 or 7 days were ana-
lyzed overall and day-by-day in order to determine the frequency of occurrence of vascular variability
abnormalities (VVAs) and the extent of reproducibility of the results from one day to another. ABPM
records over 18 to 33 hours from 360 patients of a specialized cardiology clinic in Almaty (Kazakhstan)
with cardiovascular diseases of medium or high severity were also analyzed.

Among all records from Tosa City, at least one VVA was found on at least one day in all resi-
dents. Twelve subjects with no overall abnormality had VVAs in 1 to 3 days. Of the remaining 14 sub-
jects, only one had no overall abnormality but at least one VVA in 6 of 7 days. The other 13 had at least
one VVA in 4 or more days as well as an overall abnormal record One or more VVAs occurred in 78%
of the cardiac patients in Almaty. More than one type of VVA was found in 50% of the patients. In 22%
of cardiac patients no VVA was found, despite the fact that these patients had cardiovascular diseases.
The large day-to-day variability in circadian characteristics of blood pressure and heart rate observed in
Tosa City and the associated presence or absence of VVA(s) on a given day indicate the need to moni-
tor for longer than 24 hours and to repeat the monitoring once a VVA is detected, until historically feas-
ible lifelong monitoring can be implemented.

Key words: ambulatory monitoring, blood pressure, heart rate, sphygmochron, vascular variabili-
ty disorders.

Automatic around-the-clock measurements of blood pressure (BP) and heart rate
(HR) by ambulatory monitoring (ABPM) in clinical health served to derive time-spe-
cified reference limits computed as 90% prediction limits specified by gender and age
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[1]. Data are analyzed by sphygmochron [2—4], consisting of parametric and non-pa-
rametric assessments. Parametrically, by least squares (Figure 1), a two-component
model, consisting of cosine curves with anticipated periods of 24 and 12 hours, is fitted
to the data (Figure 2) yielding estimates of the MESOR (M), 24-hour and 12-hour double
amplitudes (2A) and acrophases (¢) [5S—7].

Advantages of COSINOR (cosine fitting)

A circadian or other riwthm approximated by a 24-hour or other cosine curve (left, bottom) yields better fit
than horizontal line {arithmetic mean) {left, top) gauged by reduced residual sum of squares {right)
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Figure 1. lllustration of the principle of least squares underlying the extended cosinor method

APPROXIMATION OF CIRCADIAN WAVEFORM BY TWO-COMPONENT MODEL
FITTED STEPWISE TO 24-HOUR PROFILE OF SYSTOLIC BLOOD PRESSURE (SBP)
OF CLINICALLY HEALTHY MAN, 24 YEARS OF AGE*
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Figure 2. Fit of 2-component model to systolic blood pressure (SBP) data
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Reference limits, also computed as 90% prediction limits separately for men and
women of different age groups are derived for M, 2A and ¢ from records in clinical
health. This model usually provides a good approximation of the decrease during rest,
the small increase around mid-sleep followed by a more rapid increase around awa-
kening, a post-prandial dip that is more accentuated with increasing age, and the
evening slower decrease (Figure 3) [8].
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Figure 3. Circadian waveform of systolic (left) and diastolic (right)
blood pressure in four age groups

NONPARAMETRIC APPROACH TO DEVIANT BLOOD PRESSURE
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Figure 4. Nonparametric approach to blood pressure assessment
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Non-parametrically, percentage time elevation, area of excess and timing of largest
excess are determined by numerical integration (Figure 4). In addition to MESOR-hyper-
tension, deviations from these chronobiological norms lead to diagnoses of CHAT
and/or ecphasia when the 24-hour BP-2A is excessive and/or the 24-hour BP-¢ is outside
acceptable limits but the 24-hour HR-¢ is acceptable. These conditions along with an
excessive pulse pressure (above 60 mmHg) and a deficient HR variability (standard
deviation of HR < 7.5 beats/min) constitute Vascular Variability Anomalies (VVAs)
when present during one or a few days, or Vascular Variability Disorders (VVDs) when
the abnormalities are confirmed over repeated week-long records in the absence of a per-
sisting load [4]. Any two or more coexisting VVDs are referred to as Vascular Variability
Syndromes (VVSs).

Table 1

Number of days with at least one VVA will have to be complemented
by the extent of severity of VVA(s) each day and overall *

N of days with N of subjects VVA in weeklong record? Comments
aVVA
No Yes
0 0
1 3 3 0
2 7 7 0
3 2 2 0
4 6 4 2 1 VVA each (S-CHAT)
5 4 2 2 1 D-MH; 1 S-&D-CHAT
6 1 1 0
7 3 0 3 1 S-CHAT; 2 with 3 VVAs**

* One can have 6 days with a VVA and no abnormality in the overall record (row 7), a finding suggesting that
the duration of a VVA is an incomplete measure, the extent of abnormality also in need of being assessed. Continuous
recording with automatic analyses carried out both day-to-day and week-to-week is recommended in any event once
avalidated, unobtrusive monitor is miniaturized and rendered affordable in a chronobiologic system subservient to health
monitoring, including mental and other strain assessment, with dividends for medical research and for monitoring effects of
natural environmental factors, including solar activity.

** 1 with S-MH, EPP and S-CHAT and 1 with S-MH, EPP and DHRV. VVA: Vascular Variability Anomaly; S —
(Systolic); D — (Diastolic); MH: MESOR-Hypertension; CHAT Circadian Hyper-Amplitude-Tension; EPP: Excessive
Pulse Pressure (> 60 mm Hg); DHRV: Deficient Heart Rate Variability (standard deviation of HR < 7.5 beats/minute).

ABPM records from 26 residents (4 men and 22 women 39—74 years of age) of
Tosa City, Japan over 6 or 7 days (2 and 24 profiles, respectively) were analyzed overall
and day-by-day in order to determine the frequency of occurrence of abnormalities and
the extent of reproducibility of the results from one day to another. Among all 26 records,
at least one VVA is found on at least one day in all residents. Twelve subjects with no
overall abnormality had a VVA in 1 to 3 days. Of the remaining 14 subjects, only one had
no overall abnormality but at least one VVA in 6 of 7 days. Her data are plotted as a func-
tion of time in Figure 5, with an indication of VVAs detected on a daily basis. Her overall
sphygmochron and circadian profiles of systolic and diastolic BP are shown in Figure 6.
The other 13 had at least one VVA in 4 or more days as well as an overall abnormal
record, Table 1. The 3 individuals with abnormality on all 7 days also have an abnormal
7-day record, one with only systolic CHAT, the other two with 3 VVDs, including sys-
tolic MESOR-Hypertension and an excessive pulse pressure together with either systolic
CHAT or deficient HR variability, Table 1.

30



Gumarova L.Z. et al. Duration of abpm as an important prerequisite for a reliable diagnosis...

Only day without a VVA

S-MH S-CHAT
DHRY EPP  D-CHAT D-CHAT D-CHAT S-CHAT 140
215 | <
195 + 120
- T
:IE: 175 100 B
E 1551 | } ;
£ 135 - L] ’J ‘ 7% % SBP
a ,( Y ! | Hl { { =~ |——-—DBP
a I | v g HR
g 1151 i ! i . t+e0 ®
o n i =3
s | g i P ' @
95 - | i |
B ] bkl | T p w3
2 noh .||||l‘\;) [ ih Wi, ll \ 3
m g5 Yk i RIS E I PR I e
1,a|lv,|\| I' l' R TN A '\”l\”ll KT W
ik L i 'll’k Wy S
55 - s r o T ', fi 72
1 1] ' | 1! 1 !
1 I 1
35 0
114M0  1M5M0 1M6MO 1M7MO  1MS8MO 11910 1/201M0  1/21/110  1/22{10
0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00
Time (calendar date)
Figure 5. Day-to-day variability in BP and HR behavior. In this record, there is
at least one VVA on 6 of 7 days. The overall summary shows all endpoints
to be within acceptable limits (Fig. 6).
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Figure 6. Overall sphygmochron of subject whose data are shown in Figure 5.
Stacking of the systolic and diastolic BP data in the light of reference
limits reveals only minor BP excess
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The number of abnormal days in a weeklong record as such does not tell whether
the 7-day record is also abnormal, a finding suggesting that the duration of a VVA is an
incomplete measure, to be complemented by information on the extent of abnormality.
Weeklong records were found to be abnormal in over 25% of the residents, a reason
for recommending a follow-up 7-day profile once abnormality is detected in the first
7-day record, yet week-to-week variability underscores the need for unobtrusive, afforda-
ble instrumentation for continued monitoring of mental strain, gauged by VV As.

Among treated cardiac patients in Almaty, 22% of patients had no VVA, whereas
50% had multiple VVAs. Outcome studies have shown that cardiovascular disease risk
increases with the presence of each additional VVA [3, 4, 8, 9]. It is thus critical to be
able to reliably detect the presence of VVAs so that non-drug or drug intervention can not
only lower an elevated blood pressure but also restore healthy circadian variability pat-
terns of blood pressure and heart rate. To do this, monitoring over spans longer than
24 hours is needed, with the further recommendation to repeat a 7-day profile once ab-
normality is detected. Particularly in the case of cardiac patients in need of treatment,
repeated if not continuous monitoring is advocated as a means of self-surveillance, so that
any undesirable change in blood pressure and/or heart rate variability can promptly be
addressed. What may appear as utopia to some physicians is routine pressure measure-
ment in the tires of some cars. The technology is available. Why do not use it in those
who do and do not drive cars? The answer depends on the demand of the readers.
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boutu npoanamizuposansl AaHHble MoHuTOpUpoBaHus AJl u UCC y 26 mpakTH4ecKy 3/10pOBbIX JIHO-
Jielt (4 MyxunH U 22 XKeHIMH B Bo3pacTe 39—74 net, npoxuBaroiux B ropoje Toca, Snonus). laHHbIe
coOpaHBI Ha IPOTSDKEHAH 6 CYTOK (B 2 CIydasix) WK 7 CYTOK (B 24 ciydasx) M aHATH3HPOBAIICH B IETIOM
U IO OTJENIBHBIM CYTKaM C LIEJIbIO ONpPEIeTIeHUs] YaCTOThI IOSBICHHS aHOMAIUM BapHaOeIbHOCTU IeMOIU-
Hamuueckux nokxasareneil (ABITI) u ctenenn Bocipou3BOAUMOCTH PE3Y/IbTaTOB OT OJHOIO JHS K IPYIoMy.
Jns cpaBHEHUs OBUIM IpOAHATM3HPOBaHEI Takke 3armcu CMA/J] nponomkuTensHocThio 18—33 vaca
360 ManueHTOB CICIMATM3APOBAHHON KapIHOIOrHYecKol KiuHuKH T. AnMathl (KaszaxctaH) ¢ 3abomneBa-
HUSIMU CEPJIEYHO-COCYJUCTOM CHCTEMBI CpeTHEN U BBICOKON CTENIEHU TSDKECTU.

Cpemu Beex 26 3ammceii m3 ropona Toca mo kpaiiHeit Mepe oqaa ABITI oOHapykeHa Kak MUHIMYM
B OJIMH M3 JHEH Y BceX UCIBITYEeMbIX. Y JBEHAATH YETI0OBEK, HE MMEBIINX OTKJIOHEHUI CYMMapHBIX I10-
KazaTeliel, B OMHOM—TpeX CyTOUHBIX 3alUcsX Obuin 0OHapyxkeHsl ABITL. 113 octaBumxcs 14 nanueHToB
TOJIBKO OJHA XKEHIIMHA HE NMeNa OTKJIOHEHHH NIPY aHAIN3€ PETUCTPOTrPaMMBI B LIETIOM, HO Y Hee HaOIoa-
mich He MeHee oqHoi ABITI B TeueHue 6 U3 7 CyTOK MOHUTOPUPOBAHUSL. Y OCTIBHBIX 13 uenoBek C 0T-
KJIOHSHHSIMI CyMMAapHBIX MOKa3aTelieil 00Hapy»XeHo ITo MeHbIIer Mepe 1o oHoi ABI'TI B Teuenue 4 nHei
n 6onee. Ona wm 6onee ABITI otmeuens! y 78% kapauonorudeckux OONMbHBIX B T. AnMatsl. Y 50% 3Tux
00BHBIX HabmoMaIock Oostee omHoro Trma ABITI. TlprvedarensHo, uto B 22% ciydaeB y KapIHOIOrHIe-
cKkuX OOnBHBIX He BBLBICHO ABITI mpn MOHHTOPHpPOBAaHNHM YKa3aHHOH JTHTENILHOCTH. BeIcokas Bapra-
0epHOCTH IMpKaaaHHEIX XapakTepucTik Al m UCC oT OHIX CYTOK K JPYTHM Y 3I0POBBIX JIFOICH, TIPH-
BOJMBIIAS K TIOSIBJICHHIO Y HUX B Hekortopsle mHU ABITI, a Takxe orcyrcteue ABITI y 22% xapmauono-
TUYECKUX OOJIBHBIX NMPH HEOOJBIION MPOIODKUTETEHOCTH MOHHUTOPHHTA YKa3hIBAIOT Ha HEOOXOIUMOCTD
IIPOBOAUTH MOHUTOPHPOBAHUE JUTUTEILHOCTBIO Oosiee 24 4acoB U NMOBTOPSITH €0 B CIIydae BBIABICHUS
ABITIL

KiarueBble cioBa: aM6yﬂaTOpHLIﬁ MOHUTOPHUHI apTCPHUATIBHOI'O AaBJICHHUSA, YaCTOThI CCPACUHBIX
COKpaHICHHfI, BapI/Ia6CJ'H)HOCTB COCYyJUCTBIX paCCTpOfICTB.
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