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A b s t r a c t

The aim of the study was to describe circadian hyper-amplitude-tension (CHAT) in an 82-year-
old man treated with sotalol hydrochloride (Betapace), a beta-adrenoceptor blocker with class III
anti-arrhythmic properties. Our results showed an increase in diastolic blood pressure, assessed as
rhythm-adjusted mean value (MESOR), after treatment withdrawal and a decrease in both systolic
and diastolic blood pressure (MESOR) after resuming treatment. This was accompanied by
a considerable decrease in the double amplitude of both systolic and diastolic blood pressure.
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INTRODUCTION

The meta-analyses of randomised controlled trials have found that some drugs,
such as calcium antagonists, compare less favourably with other first-line anti-
hypertensive therapies, despite a seemingly similar blood pressure (BP)-lowering
effect (1). Chronobiologic trials, however, have shown that different anti-
hypertensive agents can have drastically different effects on the circadian BP
amplitude but similar BP-MESOR lowering effects (2). Our results have also
demonstrated a possibility to achieve different effects with the same dose of the
same drug by solely changing its administration schedule (3).

In this study, a case of an 82-year-old man diagnosed with circadian hyper-
amplitude-tension (CHAT) is described. The patients was treated with sotalol
hydrochloride (Betapace), a beta-adrenoceptor blocker with class III anti-
arrhythmic properties, twice daily. We investigated whether this condition
associated with a large increase in vascular disease risk even in normotensive
patients can be related to treatment in terms of dosage and timing. 
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CASE REPORT AND METHODS

An 82-year-old man with a history of coronary artery disease and triple and quadruple coronary
artery bypass grafting was treated with Betapace (80 mg) twice a day (upon awakening and at
bedtime), to avoid fibrillation and to reduce a slightly elevated BP MESOR. Blood pressure was
measured longitudinally around-the-clock at 30-minute intervals (with few interruptions)
throughout the investigation (June 1 to July 5, 2001). An ambulatory monitor (TM-2421, A&D,
Tokyo, Japan) was used. The originally prescribed treatment was first withdrawn (June 11–21) and
then changed to a single morning tablet (June 21–26). The data were evaluated by sphygmochron
analysis. This combined parametric and non-parametric approach is used to assesse circadian
variation in BP and any deviation from time-specified reference limits derived from data provided
by clinically healthy peers of the same gender and similar age (2–5). The effects documented by
parameter tests (6) were validated by resuming the initial treatment schedule (June 28–30),
withdrawing it again (July 1–4) and going back to a single morning tablet (starting July 5).

RESULTS

Changes in the MESOR and circadian double amplitude (2A) and acrophase
(time of overall high values recurring each day) of systolic (SBP) and diastolic
(DBP) blood pressure associated with treatment withdrawal and going back to
a single morning tablet are summarised in Table 1.

The results show an increase in the MESOR of DBP (P=0.005) after treatment
withdrawal, a decrease in MESOR of both SBP (P=0.002) and DBP (P<0.001)
after resuming treatment with a single morning tablet, accompanied by
a considerable decrease in 2A of both SBP (P=0.022) and DBP (P=0.038). 

As compared to treatment twice daily, a single daily tablet in the morning was
associated with a highly significant decrease in the circadian double amplitude of
SBP (P<0.001) and DBP (P=0.003). When treatment twice daily was resumed and
subsequently withdrawn, the circadian double amplitude of both SBP (P=0.017)
and DBP (P=0.037) increased; in the absence of treatment, the MESOR of both
SBP (P=0.004) and DBP (P<0.001) was increased. 
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Table 1
Blood pressure monitoring during treatment with sotalol

Treatment SBP DBP
Schedule MESOR 2A Acrophase MESOR 2A Acrophase

Twice daily 127.7±15 42.9±4.2 16:48±0: 67.4±11 25.2±30 16:56±0:28
No treatment 130.4±15 34.0±4.1 16:00±0:8 71.9±11 21.2±3 15:36±0:32
Once daily (a.m.) 123.5±15 20.0±4.2 14:16±0:8 66.1±09 12.8±24 14:24±0:44

Comparison
F 5.534 7.634 3.971 9.235 4.981 4.144

(P) (0.006) (0.001) (0.024) (<0.001) (0.010) (0.020)

SBP, systolic blood pressure; DBP, diastolic blood pressure; MESOR, rhythm-adjusted mean value;
2A, double amplitude; acrophase, time of overall high values recurring each day; 
F, statistical significance (F-value); (P), statistical significance (P-value). 



Changes in heart rate variability, gauged by the 24-hour standard deviation
(SD) of heart rate (HR), were also observed, namely, a significant increase from
7.4 to 11.7 beats/min after withdrawal of twice daily treatment (Student’s t-test =
2.858; P=0.012). With a single morning tablet, the SD of HR was 8.9 beats/min
and this was not statistically different from the SD of the HR value when two
tables daily or no tables were administered. 

The increase in heart rate variability in the absence of treatment was detected
by a cumulative sum control chart (7) one week after treatment withdrawal. It was
estimated that the increase in heart rate variability in the absence of treatment took
place only 3 to 4 days after the treatment had been removed.

DISCUSSION

This case is presented to call attention to the desirability of checking long-term
effects of Betapace. Since occasional BP profiles cannot detect long-term
treatment effects, monitoring for a minimum of 7 days around the clock is
recommended (8). Whether a single 80 mg dose upon awakening also provides an
adequate anti-arrhythmic activity can be investigated by concomitant, 7-day,
around-the-clock electrocardiographic and BP monitoring. Possible implications
of undesirable alterations of the circadian BP pattern due to treatment have
recently been suggested by a trial of benidipine (once a day) vs. nifedipine (twice
a day). This treatment, associated with a reduction in circadian BP amplitude
(benidipine), has generally been accompanied by a lower incidence of strokes and
cardiovascular events (9). The chronobiological investigation reported herein was
not blinded and treatment was withdrawn rather than replaced by a placebo. The
measurements, however, were taken automatically, during sleep as well as during
waking hours, often without the awareness of the subject. These results are
corroborated by findings from group trials (9, 10). They also warrant further
investigation into long-term treatment and its withdrawal in terms of
chronobiology.
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IATROGENNÍ EXCESIVNÍ VARIABILITA KREVNÍHO TLAKU (CHAT) DÒSLEDKY PRO
CHRONOTERAPII

S o u h r n

Cílem studie bylo popsat cirkadiánní hyperamplitudu (CHAT) u pacienta stáfií 82 let, kter˘ byl
léãen sotalolem (beta blokátor tfietí tfiídy s antiarytmick˘mi vlastnostmi). Na‰e v˘sledky ukazují
vzestup diastolického krevního tlaku (mûfieného jako MESOR) po vysazení léãby a pokles
systolického a diastolického krevního tlaku (MESOR) po jejím opûtovném nasazení, coÏ bylo
rovnûÏ vyjádfieno jako pokles dvojité amplitudy jak systolického tak diastolického krevního tlaku.

REFERENCES

1. Pahor M, Psaty BM, Alderman MH et al. Health outcomes associated with calcium antagonists
compared with other first-line antihypertensive therapies: a meta-analysis of randomised
controlled trials. Lancet 2000; 356: 1949–1954.

2. Cornélissen G, Halberg F. Impeachment of casual blood pressure measurements and the fixed
limits for their interpretation and chronobiologic recommendations. Ann. N.Y. Acad. Sci. 1996;
783: 24–46. 

3. Halberg F, Cornélissen G: International Womb-to-Tomb Chronome Initiative Group:
Resolution from a meeting of the International Society for Research on Civilization Diseases
and the Environment (New SIRMCE Confederation), Brussels, Belgium, March 17–18, 1995:
Fairy tale or reality? Medtronic Chronobiology Seminar #8, April 1995, 12 pp. text, 18 figures.
URL [accessed 1994] http://www.msi.umn.edu/~halberg/

4. Halberg F, Bakken E, Cornélissen G et al. Chronobiologic blood pressure assessment with
a cardiovascular summary, the sphygmochron. In: Blood Pressure Measurements, Meyer-
Sabellek W., Anlauf M., Gotzen R., Steinfeld L., eds., Steinkopff Verlag, Darmstadt, FRG, 1990,
pp. 297–326.

5. Halberg F, Cornélissen G, Halberg J, Fink H, Chen C-H, Otsuka K, Watanabe Y, Kumagai Y,
Syutkina E.V, Kawasaki T, Uezono K, Zhao Z.Y, Schwartzkopff O. Circadian Hyper-Amplitude-
Tension, CHAT: a disease risk syndrome of anti-aging medicine. J. Anti-Aging Med. 1998; 1:
239–259. (Editor’s Note by Fossel M., p. 239.)

6. Bingham C, Arbogast B, Cornélissen Guillaume G, Lee JK, Halberg F. Inferential statistical
methods for estimating and comparing cosinor parameters. Chronobiologia 1982; 9: 397–439.

7. Cornélissen G, Halberg F, Hawkins D, Otsuka K, Henke W. Individual assessment of
antihypertensive response by self-starting cumulative sums. J. Medical Engineering &
Technology 1997; 21: 111–120.

8. Schaffer E, Cornélissen G, Rhodus N, Halhuber M, Watanabe Y, Halberg F. Outcomes of
chronobiologically normotensive dental patients: a 7-year follow-up. J Am Dental Assn 2001;
132: 891–899.

9. Shinagawa M, Kubo Y, Otsuka K, Ohkawa S, Cornélissen G, Halberg F. Impact of the circadian
amplitude and chronotherapy: relevance to prevention and treatment of stroke. Biomedicine and
Pharmacotherapy, in press.

10. Halberg F, Cornélissen G, Bingham C, Fujii S, Halberg E. From experimental units to unique
experiments: chronobiologic pilots complement large trials. in vivo 1992; 6: 403–428.

278


