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Chronobiologic assessment of antihypertensive therapy
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Second Department of Medicine, Yamanashi Medical College, Yamanashi, Japan

Summary. - This paper is an example of the clinical application of chronobiologic methods to the
diagnosis of the major killers of modern societies, i.e., hypertension. Passing from the description of the
methodology to clinical examples, the article provides convincing evidence of the importance of the
chronodiagnostic approach to ambulatory blood pressure monitoring not only for a more accurate

diagnosis, but also for a more appropriate therapy.
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Riassunto (Valutazione cronobiologica della terapia antipertensiva). - Questo articolo ¢ un esempio
tecnico dell’applicazione dei metodi cronobiologici alla diagnosi di uno dei maggiori killer della moderna
societd, l'ipertensione. Passando dalla descrizione della metodologia agli esempi clinici Particolo fornisce
la prova della importanza dell’approccio cronodiagnostico al monitoraggio della pressione arteriosa per

una pit accurata diagnosi ¢ terapia.

Parole chiave: pressione arteriosa, cronobiologia, ritmi circadiani, ipertensione, monitoraggio.

Introduction

The recent development of ambulatory blood
pressure monitoring (ABPM) and associated sof-
tware has enabled us to assess the long-term varia-
bility of blood pressure in patients with hypertension
[1}. Although ABPM may not be necessary for the
diagnosis and management of most patients with
hypertension, this technique has proved useful in
the performance of clinical trials to assess anti-
hypertensive agent efficacy [1-6]. In order to apply
the information obtained by ABPM to clinical
practice, several crucial questions have to be
answered. How should the pressure data be collected
by ABPM and what kind of data analysis provides
the best indication of hypertension? What is the
reference range of the time-associated variability of
ambulatory blood pressure? What are the diagnostic
criteria for hypertension based on ABPM? What
parameters are associated with an increased car-
diovascular risk? What kind of transformation of
the ambulatory blood pressure profile by antihyper-
tensive agents is really associated with a reduction
of the morbidity and mortality due to hypertension?
Unfortunately, there exists no standardized method
of assessment and limited epidemiologic data related
to ABPM [I]. Therefore, many basic points about
this method remain to be clarified before it can be
accepted as a routine clinical technigue.

This article discusses the following issues: 1) the
circadian characteristics of blood pressure in essen-
tial hypertension, 2) the circadian characteristics of
the pharmacodynamics ‘of antihypertensive agents
and 3) the proper selection and timely administra-
tions of antihypertensive agents.

Circadian characteristics of blood pressure
in essential hypertension

Data collection and analysis

There is no standardized method for the analysis
of time-associatéd data and many approaches have
been proposed for the assessment of hypertension
as shown in Table 1.

Both non-parametric and parametric methods
have been used. In order to decide which blood
pressure parameter is the maost useful, it is necessary
to make a more detailed evaluation of its clinical
significance.

We have used the ambulatory blood pressure
monitoring device developed by Nippon Colin (Ja-
pan). Blood pressure and heart rate were monitored
every 30 min for 48 h under ordinary living condi-
tions (Fig. 1). For the analysis of systolic blood
pressure, two different approaches were taken in
our studies as illustrated by a representative case
{Fig. 1 and Table 1),

Non-parametric estimation. - The absolute magni-
tude of systolic blood pressure: by regarding the
circadian variability of systolic pressure as aperiodic
in nature, the standard statistical method of the
time-blocked mean was applied. The mean systolic
pressure for the 24 h period was 184 mmHg, that
the night time span period was 174 mmHg, and
that of the daytime period was 189 mmHg. Nat-
urally, these three values, have a different clinical
significance. The relative magnitude of the systolic
blood pressure: in order to quantitate the magnitude
of deviations from the age — and sex — maiched
reference range a pressure time index was derived.
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This reference range was obtained from the ambu-
latory measurements taken at 15 min infervals over
48 h in 415 healthy normotensive volunteers who
were selected non-raridomly and openly. The forma-
tion of cach confidence interval was based on age
(5-year increments) and gender. The use of these
confidence intervals as a reference for the circadian

variation of blood pressure and heart rate has been

advocated in our laboratory [1]. The magnitude of
the pressure-time index as an hourly mean value
integrated throughout the 24 h period was 41 mmHg
times hour. This is shown as the black area above
the 90% confidence interval. In order to estimate the
magnitude of the time-associated blood pressure
excess in the various time fractions (time-fractionated
pressure time index), the indices for 4 h periods were
also computed (Fig. 1).

Parametric estimation (Fig. 1) - In order to assess
the periodic nature and circadian rhythm of systolic

Table 1. Assessments of hypertension (diagnosis) and
the time course of antihypertensive therapeutic effi-
cacy reported in the literature

Assessment of hypertenslon {diagnosis)

1) Non-parametric approach [1]

A} Absolute magnitude of blood pressure

a) Mean values whole-day mean value (24 h mean) [7]
staircase of time-block values {i.e., q. 2-4 h} night ti-
me resting and/or day time activity spans [8, 9] 24
f 3D or CV

b) Computation of area under the pressure curve [9, 10]

-{threshold value)

8) Estimation of spread of blood pressure variability histo-
gram of blood pressure trough-to-peak ratio of blood
pressure spectral blood pressure powers within
0.003-0.35 Hz

C) Outlying from reference value [2, 11] (hyperbaric and
hypobaric indices) averaged, hourly time-fractionated

2} Parametric approach

A} Pattern of blood pressure change [12, 13]

B} Fourier analysis of blood pressure harmonics by the co-
sinor method [14-16]

Assessment of time course of antihypertensive therapeutic effi-
cacy [2] (To estimate the differences between pre-trealment
and post-treatment values or fo estimate the placebo effect)

1) Non-paramelric approach

A) Level of bloed pressure ditferences
B} Blood pressure spread variability differences
C} Hyperbaric and hypobaric index difference

2) Parameiric approach

A) Pattern di!ference
B) Cosinor parameter difference
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blood pressure and heart rate variability, the detec-
tion of the rhythm and the quantitative estimation
of its characteristics must be performed. Several
methods have been proposed as procedures for
rhythm estimation (Table 1), and the cosinor
method is one of them {15, 16]. This method is well
documented in the literature and suitable software
for this method is open already. There are many
reports based on this method in the field of chrono-
biology [14-16]. However, this approach clearly
represents the oversimplification of the complicated
time trends of pressure with both short and long
periods. Therefore, it should be remembered that
this approach is only valid under the certain as-
sumptions. However, various parameters of the
circadian rhythm, such as the rhythm-adjusted mean
(MESOR), the circadian amplitude and its acrop-
hase, calculated by the cosinor method are useful
for detecting alterations of the total circadian
thythm of blood pressure in hypertension. The
MESOR was quite similar to the 24 h mean value
in our study, since the blood pressure and heart
rate were determined throughout a 48 h period at
regular intervals. The circadian amplitude was cal-
culated as half of the difference between the highest
and lowest points in the circadian rhythm defined
by the cosinor model. This value provides an overall
estimate of the amplitude of circadian change in the
parameters outlined above. Lastly, the acrophase
was derived as the time of the highest point in the
circadian rhythm obtained from cosinor analysis.
This was the estimated time span required to reach
the crest of the circadian rhythm, and was therefore
expressed as a time lag from midnight until the
peak blood pressure.

Morning increment of blood pressure

The morning increment of blood pressure has
been recognized as a characteristic variation of
blood pressure in essential hypertension.

Recent epidemiologic studies [15, 16] have shown
that major cardiovascular events such as acute
myocardial infarction, cerebrovascular accidents,
and sudden death tend to occur in the morning.
Therefore, it has been proposed that a morning rise
of blood pressure and heart rate may act as a
trigger mechanism for such events [17].

The morning pressure variation in reference indi-
viduals with “normotensive” blood pressure has
been assessed [18]. In young individuals, blood
pressure is predominantely higher in males than in
females throughout the 24 h period. Both genders
show an abrupt increase of blood pressure after
waking up. In the elderly, the amplitude of this
morning increment is less pronounced as compared
with that in the young.

In patients with essential hypertension, the morn-
ing rise of pressure in the night-dipper type [19] was
more prominent than that seen in the reference
individuals (Fig. 2).
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Fig. 2. - Morning increment of systolic blood pressure in hypertensives aged from 50 to 59 years. The zero
reference time was taken as the waking time based on diary records.

This increment of blood pressure in the morning
should be recognized s part of the characteristic
circadian variability of pressure in hypertension.

Night “dipper” vs “non-dipper”. patterns '
of blood pressure '

Other clinical implications obtained from ABPM
studies are related to blood pressure variation during
the night time. Blood pressure during the daytime
is normally higher than during the night span (night
“dipper” pattern). However, it has becn recognized
that the blood pressure during the night may not be
lower than during the day (night “nondipper”
pattern) in patients with autonomic failure, the
elderly, and patients with renal parenchymal hyper-
tension [19]. The clinical significance of this night
“non-dipper” pattern is not yet fully known.
However, it has been suggested that these individ-
vals may have a higher risk of cardiovascular
complications [19]. Therefore, it is necessary to
determine the prognostic and therapeutic implica-
tions of this finding.

A representative night “non-dipper” individual
is shown in Fig. 3. The systolic blood pressure
was higher during the night time (160 mmHg)
than during the daytime (147 mmHg). In order to
assess the approximate time lag from midnight
until the peak pressure, the circadian acrophase
was calculated by the cosinor method (Fig. 4). In
young hypertensives, the circadian acrophase was
similar to that in the young reference subjects.
However, in elderly hypertensives the circadian
acrophase was distributed more widely than that

of elderly reference subjects. Moreover, in the
reference group the circadian acrophase was dis-
tributed more widely during the night in the elderly
subjects when compared with the young reference
individuals [20].

Circadian characteristics
of antihypertensive agents

In order to select the proper agents to match the
variations of blood pressure in an individual patient,
the circadian characteristics of the antihypertensive
agents also need to be clarified. Therefore, the
following question should be answered: “Do all
antihypertensive agents have the same effect on the
circadian variation of blood pressure in essential
hypertension?”. The data on this subject are still
incomplete, even though many studies have been
performed [2, 4, 21-23].

Several attempts have been made to assess the
time course effects of antihypertensive therapy
(Table 1), including both non-parametric and par-
ametric approaches. Based on our methods for
evaluating the efficacy of these agents, the follow-
ing results were obtained. An open and non-ran-
domized study was designed to evaluate the cir-
cadian characteristics of various antihypertensive
agents. Each class of antihypertensive agents had
its own characteristic effects on the circadian varia-
bility of blood pressure (Figs 5 and 6) [2, 24}
Eight different antihypertensive agents were given
to eight groups of patients with essential hyper-
tension selected from among those attending our
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Fig. 4. - A polargraphic representation of the distribution of the circadian amplitude and acrophase joint in a 24-h
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to the WHO criteria) are compared. The left panel shows the data for the young age group and the right panel
shows data for the elderly group. ’

outpatient clinic. All the patients had mild to
moderate hypertension, based on the casual blood
- pressure and the WHOQO hypertension criteria. All
agents were given empirically according to the
recornmended dosages and times of administration.
Nicardipine hydrochloride-retard (40 mg) was
given bis in die for one week; captopril {12.5 - 25
mg, ter in die) was given for three weeks; captop-
ril-retard (18.75 - 37.5 mg, b.i.d.) was given for 6
weeks; metoprolol (40 mg, t.i.d.) was given for 4
weeks; nilvaldipine (calcium antagonist a newly
developed by Fujisawa Pharmaceutical Co., Japan)
was given for 2 weeks; diltiazem (30-60 mg, t.i.d.)
was given for 4 wecks; bunazosin (1 mg, t.i.d.)
was given for 4 weeks; and nipradilol (3-6 mg,
b.i.d., selective beta-blocker newly developed by
Kowa Pharmaceutical Co., Japan) was given for
4 weeks.

Timely and treatment of hypertension

Since it has been clarified that both the blood
pressure of hypertensives and the efficacy of anti-
hypertensive agents have circadian characteristics,
these two should be matched to improve the con-
trol of hypertension. Thus, to perform individual-
ized therapy of hypertension, antihypertensive
agents should be prescribed according to the speci-
fic characteristics of the 24 h variation of blood
pressure and heart rate. Administration timed ac-

cording to the cycle of blood pressure is desirable
not only to enhance the pharmacologic effect but
also to reduce undesirable side effects. This concept
has been called chronotherapy [25]. Furthermore,
chronotherapy may reduce the total daily dosage
of drugs and so provide cost and quality of life
benefits. All 8 agents were significantly effective in
lowering the 24 h mean systolic and diastolic
pressures. The efficacy in reducing blood pressure
and heart rate during the daytime period was
similar that for the 24 h mean values. However,
the effects on the mean nocturnal heart rate dif-
fered, with nicardipine significantly increasing the
heart rate during this period when compared with
the other agents (Fig. 5). The normalizing effects
on blood pressure and heart rate as a pressure-time
index were also assessed (Fig. 6.). The systolic
blood pressure index was significantly decreased
by all the agents, but neither captopril nor its
retard form decreased the diastolic pressure index.
Nicardipine retard alone significantly increased the
heart rate index.

Assessment of the circadian rhythm showed that
the circadian amplitude was minimized after treat-
ment with these agents. The circadian acrophase
showed no significant change.

The clinical implications of this study liec in the
clear differences of the effects of these agents on
the blood pressure. Such differences should be taken
into consideration when selecting antihypertensive
agents for long-term therapy, and antihypertensive
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Fig. 5. - The effects of various antihypertensive agents on the mean blocd pressure and heart rate during the
night time in patients with essential hypertension.
B = before treatment, A = after treatment, DIAST. P. = diastolic blood pressure, *p < 0.05, " p <0.01, N.S. = not
© significant.

therapy should be individualized by this type of
approach [2].

In the case shown in Fig. 7, the systolic press-
ure-time index (indicated as the black area)} was 14
h times mmHg. Namely, the blood pressure was
mostly excessive throughout the 24 h period when
compared with the reference range. Furthermore,
the fractionated pressure-time index (4 h intervals)

range from 7 to 28 4 h times mmEg. This patient
was especially hypertensive from 08:00 to 12:00
and from 20:00 to 04:00. Nicardipine hydrochloride
(20 mg t.i.d.) was administered for two weeks. As
shown in the lower panel, the pressure time index
was minimized from 14 to 2 h times mmHg. The
fractionated pressure time index was also minimized
in every time block.
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Fig. 6. - The effects of various antihypertensive agents on the pressure-time index in patients with essential
hypertension.

= before treatment, A = after treatment, DIAST. P. = diastolic blood pressure, *p < 0.05, **p <0.01, N.S. = not
significant.

Furthermore, the difference of the time-frac-
tionated pressure-time index of the systolic blood
pressure was calculated. Nicardipine lowered the
‘systolic pressure at the time spans that showed
higher values before treatment. Thus, with this
approach the appropriate timing of dosing and the
efficacy of a specific antihypertensive agent could
be assessed.

Renal parenchymal hypertension is of the night
“non-dipper” type [26]. In this patient with chronic
glomerulonephritis, the excess of blood pressure
compared with the reference range was mainly
recognized during the night time. The hourly mag-
nitudes of the excess was 15 mmHg times h for
systolic blood pressure and 9 mmHg times h for
diastolic pressure. Paying special attention to the
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non-dipper nature of the hypertension, manidipine
{a caleium antagonist newly developed by Sankyo
Pharmaceutical Co., Japan) was administered once
daily at 19:00 for 4 months. This agent is a
long-acting calcium antagonist. Both the systolic
and the diastolic pressure were normalized by this
approach, especialiy during the nighttime. Therefore,
antihypertensive therapy was successful in controll-
ing this characteristic disorder of the circadian blood
pressure profile.

Conclusions

In hypertension, the blood pressure stiil shows a
circadian rhythm. Antihypertensive agents also have
circadian characteristics in regard to their efficacy.
Therefore, timely therapy of hypertension should
be performed by matching these two circadian
variations.

Submitted on invitation,
Accepted on 18 February 1993.
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