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Abstract

The mechanisms underlying the higher incidence of cardiovascular events in the morning were investi-
gated by studying the circadian variation in hemodynamics and baroreflex sensitivity (BRS) in 20 un-
treated inpatients with essential hypertension. Direct blood pressure (BP) and heart rate (HR) were re-
corded using telemetry. Cardiac output (CO) was measured by the dye dilution method. Beat-to-beat
stroke volume (SV) and total peripheral vascular resistance (TPR) were obtained using the pulse contour
method. The coefficient of regression between HR and systolic BP (SBP) change (AHR/ASBP = Ahr) was
calculated for in 5 consecutive heart beats during which BP decreased spontaneously and linearly (r>
0.9). Similarly, the ASV/ASBP (= Asv) and ATPR/ASBP (= Atpr) were also measured, and the negative
values of these coefficients (— Ahr, —Asv and — Atpr) were calculated. Comparisons between morning
(6-11 a.m.) and evening (4-9 p.m.) values showed no significant difference in mean BP (122 vs
127 mmHg) and HR (72 vs 73 bpm). However, CO (3.7 vs 4.2 //min), — Ahr (0.28 vs 0.43 bpm/mmHg)
and —Asv (— 1.5 vs 1.4 m//mmHg) were lower in the morning than in the evening (»p<0.01). In contrast,
TPR (40 vs 34 mmHg/l/min) and — Atpr (1.2 vs — 1.4 min/l) were higher in the morning than in the
evening (p<0.01). These findings suggest that lower — Ahr and — Asv and higher TPR and — Atpr may

cause stress to the cardiovascular system in the morning in patients with essential hypertension.
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INTRODUCTION

A prominent increase in the onset of cardiovascu-
lar events such as nonfatal acute myocardial
infarction and sudden cardiac death in the morning
has been reported'-?. The onset of acute myocardial
infarction was most frequent between 6 a.m. and
noon®. Although these reports did not consider
whether the subjects were hypertensives or normo-
tensives, previous studies such as the Framingham
Study demonstrated that hypertension is an impor-
tant risk factor for ischemic heart disease, heart fail-

hemodynamics,

hypertension, pulse contour method

ure, and stroke®. Many investigators who studied
the mechanisms of cardiovascular events suggested
that increased sympathetic activation®, psychologi-
cal stress”, and plasma viscosity® were related to
cardiovascular events. Circadian variation of plate-
let aggregability”, plasma norepinephrine level?,
and plasminogen activator inhibition'® was clearly
demonstrated. Furthermore, baroreflex sensitivity is
decreased in patients with acute myocardial infarc-
tion'?, and this is considered one of the important
risk factors in the onset of cardiac events. However,
the relationship between the circadian variation in
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baroreflex sensitivity and hemodynamics is not
clear. We therefore studied the circadian variation
in baroreflex sensitivity on the basis of the relation-
ship between the changes in systolic blood pressure
and three hemodynamic parameters; heart rate,
stroke volume and total peripheral vascular resis-
tance.

METHODS

Patients

This study included 20 untreated inpatients (13
men and 7 women) with essential hypertension aged
25-72 years [54.2t12.4<mean =standard devia-
~ tion (SD) >]. Blood pressure level was assessed by
office blood pressure measurement, and patients
with severe hypertension (diastolic blood pressure
=115 mmHg) were excluded. Target organ dam-
age was also assessed by electrocardiography, chest
radiography, biochemical indices of renal function,
and fundoscopic examination, and patients clas-
sified as WHO stage III were excluded. Three pa-
tients had mild renal dysfunction (serum creatinine
=1.8-2.1 mg/dl) and two patients had cardiomeg-
aly. Other patients showed no remarkable abnor-
malities in laboratory data. All patients had taken no
antihypertensive medication for at least 2 weeks be-
fore the study. The patients’ behavioral cycle in our
hospital was standardized, by rising between 6 and
7 a.m., not allowing the resting position during the
day, and going to bed around 9 p.m. Routine diag-
nostic procedures were performed to exclude causes
of secondary hypertension, and all patients were di-
agnosed as having essential hypertension. All pa-
tients gave informed consent to participation in the

study.

Protocol

Telemetry method

To measure intra-arterial blood pressure, the bra-
chial artery was punctured under local anesthesia
and the catheter (radial artery catheterization set,
20GX4.45 cm : ARROW, U.S.A)) introduced and
connected to a micro-infusion pump (NEC Sanei,
Japan) supplying normal saline with heparin sodium
(10 U/ml solution). Intra-arterial blood pressure
measured by a pressure transducer (Statham
P50 : GOULD, U.S.A.), electrocardiogram and
electroencephalogram measurements were trans-
mitted by wireless and recorded on magnetic tape
(SR-31 Portable Data Recorder : TEAC, Japan) us-

ing the telemetry method'? for 24 hours with the pa-
tients in an almost unrestricted condition. Calibra-
tions of blood pressure were performed at 0, 100,
and 200 mmHg using a sphygmomanometer, and
blood pressure waves and electrocardiograms were
recorded on magnetic tape.

Cardiac output measurement

Cardiac output was measured by two methods, the
dye dilution method and pulse contour method
based on the Windkessel model. In the dilution
method (cuvette method using Dye Densitometer
Model EW-90, Erma), the measurements were per-
formed after patients had rested for at least 30 min-
utes in the supine position in the morning (6-
11 a.m.) and evening (4-9 p.m.). One m! of dilution
indicator (5 mg/m/ indocyanine green solution;
Daiichi Seiyaku) was rapidly injected followed by
approximately 20 m/ of normal saline solution
through a catheter introduced into the cubital vein.
Arterial blood was drawn using a pump at 0.6 m//
sec from the time just before the dye injection and
continued for approximately 15 seconds. This mea-
surement was performed at least twice with a 10-
minute interval, and the values were averaged. Sec-
ondly, to supplement the sparse data obtained by the
dye dilution method, stroke volume was calculated
continuously for 24 hours using the pulse contour
method which was based on the Windkessel
model'®. Digitized data (sampling rate=1 kHz)
was used to calculate the integration of P(¢) —20
during the cardiac cycle (f {P(t)—20} d¢), the slope
of the logarithm of pressure versus time (A) and the
vascular elasticity (E). To fix the E for each patient,
the stroke volume measured by dye dilution method
at the same time during the calibration was used.
With these values, stroke volume was calculated by
the following equation.

stroke volume (SV)=A/E - | {P(1)—20} dt

We previously studied the reliability of pulse con-
tour method'¥ as compared to dye dilution method
and calculated cardiac output (CO) by pulse contour
method, and found a good correlation between the
two methods (r=0.96).

With the beat-to-beat change of stroke volume
and mean blood pressure (MBP), the minute-to-
minute change in total peripheral vascular resis-
tance (TPR) was obtained using the following equa-
tion.

TPR=MBP/CO
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Measurement of baroreflex sensitivity

In general, baroreflex sensitivity is calculated as
the coefficient of regression between RR interval
and systolic blood pressure'®. Using a non-pharma-
cological method'?, the coefficient of regression be-
tween heart rate (HR) and systolic blood pressure
(SBP) (AHR/ASBP= Ahr) was calculated when the
latter was decreasing spontaneously for at least 5
consecutive heart beats. Similarly, the coefficients
of regression between stroke volume and systolic
blood pressure (ASV/ASBP = Asv) and between to-
tal peripheral vascular resistance and systolic blood
pressure (ATPR/ASBP = Atpr) were calculated. The
values were excluded from the later analysis if the
correlation coefficient of the regression line was
smaller than 0.9. Regarding the interpretation of
these values, greater increase in heart rate, stroke
volume, and total peripheral vascular resistance for
a certain decrease in systolic blood pressure indi-
cates greater sensitivity of the baroreflex. In other
words, the smaller these coefficients are, the greater
the baroreflex sensitivity is. Therefore, we used the
negative values of these coefficients (— Ahr, —Asv
and — Atpr) as indices of baroreflex sensitivity.
Beat-to-beat changes in stroke volume and total pe-
ripheral vascular resistance were obtained by the
pulse contour method described above. The number
of baroreflex sensitivity values obtained every hour
varied from patient to patient and from time to time.
The mean number was 20+ 12 (mean=+SD) per
hour.

Statistical analysis

Comparison was made between morning (6-
11 a.m.) and evening (4-9 p.m.) values using the
paired z-test, and a value of p<0.05 was considered
statistically significant. Data were expressed as
mean =+ SD.

RESULTS

Circadian pattern of hemodynamics

Blood pressure and heart rate were increased dur-
ing the daytime and showed no significant differ-
ence between morning and evening values (mean
blood pressure 122+2.0 vs 127£2.2<mean*SD
>mmHg, heart rate 72+£1.2 vs 73%1.0 bpm)
(Table 1). Cardiac output, however, was lower in
the morning than in the evening (3.71+£0.9 vs 4.1+
0.8 //min, p<0.01) and total peripheral vascular re-
sistance was higher in the morning than in the
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Table1 Comparison of hemodynamics between morning and

evening
Morning Evening p value
(6-11 a.m.) (4-9 p.m.)

SBP (mmHg) 162+4.5 172+2.0 NS
DBP (mmHg) 101+2.1 104+2.0 NS
MBP (mmHg) 122+2.0 127+2.2 NS
HR (bpm) 72+1.2 73+1.0 NS
CO (//min) 3.7+£09 4.1%£0.8 p<0.01
TPR (mmHg/l/min) 399109 34.2+04 p<0.01

SBP=systolic blood pressure; DBP=diastolic blood pressure;
MBP=mean blood pressure; HR=nheartrate; CO=cardiac output;
TPR =total peripheral vascular resistance.

evening (39.91+0.9 vs 34.2+0.4 mmHg///min, p<
0.01) (Table 1).

Correlation between indices of baroreflex
sensitvity

The values of 24-hour Ahr and 24-hour Asv
showed a positive correlation (r=0.53, p<0.01).
On the other hand, the values of 24-hour Ahr and
24-hour Atpr showed negative correlation (r=
—0.48, p<0.01). These correlation coefficients
were not great enough to confirm that Ahr or con-
ventional baroreflex sensitivity are identical to Asv
and Atpr.

Circadian pattern of the indices of baroreflex

sensitivity

The negative values of the coefficients of the re-
gression lines described above (— Ahr, —Asv and
— Atpr) were shown to be indices of baroreflex sen-
sitivity (Fig. 1). Comparison of these baroreflex
sensitivity indices in the morning and evening
showed that — Ahr and — Asv were smaller in the
morning than in the evening (— Ahr 0.28 £0.008 vs
0.43+0.012 bpm/mmHg, —Asv —1.5+1.1vs 1.4
+1.4 ml//mmHg, p<0.01; Fig. 2). However, — Atpr
was greater in the morning than in the evening
(1.2£1.1 vs —1.4%+1.4 min/l; Fig. 2).

DISCUSSION

Many investigators have studied the relationship
between acute cardiac events and autonomic ner-
vous activities. The interactions between structural
and functional abnormalities are considered to tend
to develop fatal arrhythmias'”. A decreased
baroreflex sensitivity, as a functional modulation,
may be important in the pathogenesis of sudden car-
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Fig. 1 Circadian pattern of baroreflex sensitivity (BRS) indices

The increases in HR, stroke volume (SV), and TPR during a decrease in SBP (AHR/ASBP= Ahr, ASV/ASBP = Asv,
ATPR/ASBP = Atpr) are considered as indices of BRS. In other words, the smaller these coefficients are, the greater
the sensitivity is. Therefore, negative values of these coefficients (— Ahr, — Asv, — Atpr) represent indices of BRS.

Abbreviations as in Table 1.
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Fig.2 Comparison of BRS indices between morning and evening
The indices of BRS (—Ahr, —Asv, —Atpr) in the morning showed lower sensitivity for —Ahr and —Asv and

higher sensitivity for — Atpr than in the evening.
Abbreviations as in Table 1, Fig. 1.

diac death. In an experimental model'®, severe
coronary vasoconstriction was observed within 2-3
minutes after elicitation of anger. Activation of the
sympathetic nervous system was related to the vaso-
constriction, which was prevented by stellectomy'?.
Baroreflex sensitivity is considered to be a marker
of vagal reflexes?®. Therefore, the low sensitivity
represents high sympathetic nervous activity and in-
creased coronary vasoconstriction, which is detri-
mental to the cardiovascular system. In a previous
study?!, baroreflex sensitivity was compared before

and 30 days after myocardial infarction in dogs, and
these sensitivity values were reduced after
infarction. The same study also demonstrated that
post-infarct dogs with low sensitivity were more
susceptible to sudden death than those with high
sensitivity. Similar results were observed in hu-
mans'!??. Although ejection fraction is likely to be
reduced in post-infarct patients, the attenuated
baroreflex sensitivity was considered to be indepen-
dent of the reduced ejection fraction because of the
lack of correlation between these two variables??. In
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our previous study?®, comparison of baroreflex sen-
sitivity in the morning and evening demonstrated
that the sensitivity was lower in the morning than in
the evening.

In general, the coefficient of regression between
systolic blood pressure and RR interval is used as
the baroreflex sensitivity'®. This conventional mea-
surement of the sensitivity on the basis of the modu-
lation of cardiac cycle may have a relationship to 3-
adrenergic and vagal activity, especially the cardiac
vagal nervous system. However, we consider that
the response of the autonomic nervous system to the
change in systolic blood pressure may involve not
only the f-adrenergic but also the o-adrenergic
pathway. In our study, the index of baroreflex sensi-
tivity determined from heart rate (— Ahr) is consid-
ered to be related to the conventional one deter-
mined from RR interval. Furthermore, we obtained
the indices from measurements of stroke volume
(—Asv) and total peripheral vascular resistance
(— Atpr), independently. Regarding the interpreta-
tion of these indices, we consider that —Asv and
— Atpr may be influenced by - and o-adrenergic
activity, respectively. Therefore, we could obtain
more information on the response of the autonomic
nervous system to the change of systolic blood pres-
sure by these indices than by the conventional mea-
surement of baroreflex sensitivity alone. Our results
demonstrated that the values of —Ahr and —Asv
were smaller in the morning than in the evening. On
the other hand, the values of — Atpr were greater in
the morning than in the evening. These data suggest
that the B-adrenergic response to the change in
blood pressure is attenuated and the o-adrenergic
response is exaggerated in the morning. These
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changes in autonomic nervous system may be re-
lated to the reduction of peripheral and coronary
blood flow accompanied by the increased vascular
tonus.

Some previous studies reported that the increased
a-adrenergic activity was related to coronary arte-
rial spasm?® and a fall of ischemic threshold®. A
marked increase in catecholamine level was ob-
served from 6 to 9 a.m. after awakening®. We also
reported that serum norepinephrine was higher in
the morning than in the evening®. Furthermore,
some investigators suggested that the increased in-
cidence of cardiovascular events in the morning
may reflect a sudden rise of sympathetic activity and
the reduction of vagal tone?®. Similarly, our results
are compatible with the previous reports which
demonstrated an increased incidence of cardiac
events in the morning.

CONCLUSIONS

1. We could obtain more information on the
baroreflex response of the autonomic nervous sys-
tem to the change of systolic blood pressure by mea-
suring the changes in stroke volume and total pe-
ripheral vascular resistance, in addition to the
changes in heart rate.

2. The influence of total peripheral vascular re-
sistance on the baroreflex was considered to be
greater in the morning. On the other hand, those of
heart rate and stroke volume were considered to be
lower in the morning.

3. These findings may be related to the higher
incidence of cardiac events in the morning through
exaggerated a-sympathetic nervous activity.
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