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Background

Aim Subjects and Methods Results

Discussion and Conclusion

To analyze ambulatory blood pressure 
monitoring (ABPM) records from patients 
admitted at the cardiology clinic in Almaty 
(Kazakhstan) and from residents of Tosa City 
(Japan) for comparison with chronobiological 
reference values and to relate the incidence of 
abnormal patterns of blood pressure (BP) and/or 
heart rate (HR) to the record length.

Abnormalities in the circadian patterns of BP 
and HR (known as Vascular Variability Anomalies, 
VVAs) have been associated with an increased 
cardiovascular disease risk, beyond the risk of an 
elevated BP in several outcome studies. In 
addition to MESOR-hypertension (elevated 
rhythm-adjusted 24h mean of BP), these VVAs 
include too large a circadian amplitude of BP 
(CHAT, Circadian Hyper-Amplitude-Tension), an 
odd timing of the circadian BP rhythm (ecphasia), 
an excessive pulse pressure (PP>60mmHg), and 
too small a standard deviation of HR (DHRV, 
Deficient HR Variability).

Figure 1: An elevated BP, too large a circadian 
amplitude of BP and an excessive pulse 
pressure are associated with an increased 
cardiovascular disease risk., as well as age and 
alcohol consumption.

Figure 2:  Abnomal  circadian amplitude and phase of 
DBP are associated with an elevated LVMI (N>1,000).
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In Almaty, 24h ABPM records were obtained 
from 360 patients of a specialized cardiology 
clinic in Almaty, Kazakhstan. In Tosa City, Japan, 7-
day ABPM records from 26 residents served to 
examine any influence of the duration of 
monitoring on the incidence of VVAs. Each 
record was fitted by least squares with a model 
consisting of cosine curves with periods of 24h 
and 12h, used to approximate the circadian 
waveform of systolic (S), diastolic (D) BP and 
HR. Parameter estimates were compared to 90% 
prediction limits derived from clinically healthy 
peers matched by gender and age to identify any 
VVAs. Records from Tosa City were analyzed 
overall and for each day considered separately.

Figure 3:  Fit of 2-component model to systolic 
blood pressure (SBP) data.

Figure 4:  Time-specified reference limits are 
determined from clinically healthy peers matched by 
gender and age. As seen here, the MESOR of SBP (left) 
and DBP (right) follow different trends as a function 
of age.

One or more VVAs occurred in 78% of the 
cardiac patients in Almaty. More than one VVA 
was found in 50% of the patients, whereas 22% 
had no VVA despite the fact that these were 
patients treated for known cardiovascular 
disease.  

Figure 5:  Above 90% of patients were hospitalized 
during the monitoring; ** CHAT, short for circadian 
hyper-amplitude-tension; Some vascular variability 
anomalies (VVAs) in ~24-hour (18-33 hour) records of 
cardiac patients in Almaty, Kazakhstan

Figure 6:  Multiple VVAs occurred in a large 
proportion of the patients in Almaty.

In Tosa City, at least one VVA was found on at 
least one day in all subjects. Twelve subjects with 
no VVA overall had VVAs in 1 to 3 days. Among 
the other 14 residents with at least one VVA on 
4 or more days, only one had no 7-day VVA.

The large day-to-day variability in circadian 
characteristics of BP and HR and the associated 
presence or absence of any VVAs on a given day 
indicate the need to monitor for spans longer 
than 24 hours and to repeat the monitoring 
when a VVA is detected. Among the different 
factors known to affect BP, emotions have been 
shown to greatly affect the circadian amplitude 
of BP, as is the evening consumption of alcohol. 
Keeping a diary during monitoring may thus help 
with the interpretation of the results. Monitoring 
for 7 days at the outset has been recommended. 
One useful application has been for determining 
optimal circadian stages for the administration of 
anti-hypertensive medications, which can either 
increase or decrease the 24h BP amplitude 
depending on when it is taken.

Figure 7:  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.


