Korean J  Physiol Pharmacol
Vol 3: 605 —613, December, 1999

Spectral Analysis of Heart Rate Variability during Passive Standing

after Ethanol Ingestion
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The purpose of the present study was to evaluate cardiovascular regulation during passive standing (PS)
after ethanol ingestion by spectral analysis of heart rate variability (HRV) in flushed and nonflushed
subjects. Of 24 young male subjects, 8 belonged to flushed group (F) and 16 to nonflushed group (NF).
Two sessions of 10-min PS were performed before and after ethanol (0.5 g/kg) ingestion. Powers of R-R
interval variability in very low frequency (VLF, 0~0.05 Hz), low frequency (LF, 0.05~0.15 Hz) and
high frequency (HF, 0.15~0.50 Hz) bands, normalized powers (LFn and HFn) and LF/HF ratio were
obtained. After ethanol ingestion, F showed higher heart rate than NF. PS increased LFn (+22.9£3.6
in NF, +12.84+4.7 in F, in normalized units) and LF/HF (+3.10+0.57 in NF, +3.00+1.08 in F) and
decreased HFn powers. Ethanol ingestion increased LFn and LF/HF and decreased HFn. PS after ethanol
resulted in higher LFn and LF/HF and lower HFn than the prior PS. F showed a greater and more sustained
HRYV change than NF after ethanol. In conclusion, PS or ethanol ingestion increased LFn and LF/HF and
decreased HFn. Flushed subjects showed an accentuated HRV response to ethanol.
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INTRODUCTION

The regulation of the cardiovascular system during
orthostatic stress has been an important issue in
physiology. A change in position from supine to
upright results in an abrupt translocation of thoracic
blood volume to the lower body. The consequent
reductions in venous return, stroke volume, and
cardiac output evoke a number of reflex autonomic
circulatory adjustments to maintain arterial blood
pressure (Norsk, 1992; Sagawa et al, 1992). In
humans these adjustments include increases in heart
rate, total peripheral resistance and plasma vaso-
pressin, renin activity, aldosterone and norepinephrine
and decreases in forearm and skin blood flow and
plasma atrial natriuretic peptide (Victor et al, 1987,
Seals, 1988; Joyner et al, 1990). Although systolic
arterial pressure may decrease during head-up tilt

Corresponding to: Won Jung Lee, Department of Physiology,
School of Medicine, Kyungpook National University, 2-101
Tongin-dong, Chung-gu, Taegu 700-422, Korea. (Tel) 82-53-420-
6926, (Fax) 82-53-424-3349, (E-mail) wjleek@knu.ac.kr

605

because of the reduced stroke volume and cardiac
output, the reflex vasoconstriction typically produces
an increase in diastolic arterial pressure, thus main-
taining mean arterial pressure at supine levels (Norsk,
1992; Taylor et al, 1992; Sagawa et al, 1993).
Acute administration of ethanol is known to have
a variety of cardiovascular effects including peri-
pheral vasodilation, myocardial depression, and re-
duced circulating blood volume that lead to a fall in
arterial pressure (Horowitz & Atkins, 1974; Timmis
et al, 1975; Kim et al, 1985; Howes & Reid, 1986).
Ethanol ingestion resulted in greater increases of heart
rate and plasma vasopressin during passive standing
in normal subjects (Kim et al, 1987) and a greater fall
of arterial pressure during head-up tilt in patients with
primary autonomic failure (Chaudhuri et al, 1994).
Ethanol-induced facial flushing is often observed in
Asians. Over half of Chinese, Japanese, and Koreans
manifest facial flushing after ingestion of alcoholic
beverages due to vasodilation of the facial skin
(Wolff, 1972, 1973) that may later include the neck,
arms and torso (Wall et al, 1996). Facial flush
reaction has been reported to be accompanied by
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tachycardia, dizziness, headache, nausea, occasional
vomiting, and sometimes hypotension and broncho-
constriction (Crabb et al, 1993). Elevated acetal-
dehyde levels found in individuals with the flush
reaction after drinking (Zeiner et al, 1979) may cause
vasodilation via the release of vasoactive substances
by mast, endothelial, or other cells (Crabb et al,
1993). Kim et al (1987) reported a similar magnitude
of cardiovascular responses to passive standing after
ethanol ingestion between flushed and nonflushed
subjects.

Spectral analysis of beat-to-beat variability of car-
diovascular parameters has been used to investigate
the cardiovascular control system. Periodic compo-
nents of heart rate variability (HRV) tend to aggregate
within several frequency bands. The high frequency
(HF) fluctuation, centered at respiratory frequency, is
mediated primarily by cardiac vagal efferent activity.
(Akselrod et al, 1981; Pomeranz et al, 1985; Malliani
et al, 1991; Parati et al, 1995). The low frequency
(LF) fluctuation, centered around 0.1 Hz, reflects both
sympathetic and vagal influences related to baroreflex
mechanisms. (Akselrod et al, 1981; Pomeranz et al,
1985; Berntson et al, 1997). Although the very low
frequency (VLF), 0.04 Hz and lower, fluctuation may
reflect thermoregulatory cycles (Sayers, 1973) or fluc-
tuations related to plasma renin activity (Akselrod et
al, 1981; Bonaduce et al, 1994), its physiological
explanation is yet far from settled (Task Force, 1996;
Berntson et al, 1997).

Both orthostatic challenge and ethanol have been
reported to alter HRV. Orthostatic challenge was
shown to increase LF power and LF/HF ratio (Mukai
& Hayano, 1995; Schmedtje et al, 1995; Sanderson
et al, 1996) and to decrease HF (Mukai & Hayano,
1995; Kochiadakis et al, 1997). Montano et al (1994)
demonstrated that the tilt angle was highly correlated
to both LF and HF powers when expressed in nor-
malized units. Ingestion of moderate doses of ethanol

was shown to decrease HRV, primarily the HF
component, while increasing the heart rate (Koskinen
et al, 1994; Murata et al, 1994). However, the re-
sponse of HRV to orthostatic stress plus ethanol
ingestion and the characteristics of HRV in subjects
with ethanol-induced facial flushing have not been
studied. Since flushed subjects generally show an
accentuated cardiovascular response to ethanol, it
would be valuable to compare the HRV response of
flushed subjects to that of the nonflushed.
Therefore the purpose of the present study was to
investigate the cardiovascular regulation by use of
spectral HRV analysis during passive standing after
ethanol ingestion in flushed and nonflushed subjects.

METHODS
Subjects

Twenty-four Korean male volunteers aged 20~26
yr participated in this study (Table 1). Eight subjects
who showed prominent facial flushing after ethanol
ingestion were assigned to flushed group, and the
remaining 16 who did not to nonflushed group. None
of the subjects had a history of cardiovascular dis-
eases, were alcoholic or on medication. All subjects
were briefed about the experimental procedures and
were familiarized with the protocol, prior to the
experiments.

Protocol

Each subject reported to the laboratory at 1300 h
after fasting for >6 h. The room temperature was
kept within 20~23°C. Each subject participated in
both control and ethanol experiments which were
separated by a 2-min period of ethanol ingestion. The
control experiment consisted of supine rest (20 min),

Table 1. Physical characteristics of flushed and nonflushed subjects

Age (yr) Height (cm) Body weight (kg)
Flushed (n=8) 225+0.7 173.8+1.0" 623+2.1
Nonflushed (n=16) 22.0+0.4 174.4+1.4 65.0+1.7

Values are means +standard ertors.
*P<0.05 vs Nonflushed.
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passive standing (10 min), and supine rest (30 min).
Ethanol experiment consisted of supine rest (45 min),
passive standing (10 min), and supine rest (30 min).
Passive standing (PS) meant standing with one’s
back leaned on the wall and with minimal tension
applied on two feet which were separated by 15 cm
from each other and positioned 23 c¢cm apart from the
wall (Bungo & Jonsen, 1983). Subjects ingested
ethanol in a sitting position. The dose used was 2.5
ml of soju (Korean alcoholic beverage with 25%
ethanol) per kg of body wt (0.5 g ethanol/kg).
During the control experiment, time was expressed
with the prefix ‘C’ followed by the number of mi-
nutes that elapsed after the first measurement. Para-
meters were measured at the end of initial supine rest
(CO), during PS (at C5 and C10), and during supine
rest after PS (C25 and C40). During ethanol experi-
ment, time was expressed with the prefix ‘E’ and the
number of minutes that passed after ethanol ingestion.
Parameters were measured during supine rest before
PS (E15, E30 and E45), during PS (at E50 and E55),
and during supine rest after PS (E70 and ES85).

Facial flush index

The degree of ethanol-induced facial flushing was
determined using the following 7-point scale (Schuc-
kit & Duby, 1982). The index at C40 (immediately
before ethanol ingestion) was assumed to be 3.

Facial flush index Degree of facial flushing
0 Severely blanched

Blanched

Somewhat blanched

Normal

Somewhat flushed

Flushed

Severely flushed

AN AW

Skin temperature

In order to evaluate facial and chest flushing,
skin temperature was measured using temperature
probes (model 408, Yellow Springs Instrument)
attached on left temporal and pectoral areas and
connected to a telethermometer (44TA, Yellow
Springs Instrument).

ECG and blood pressure

Lead II electrocardiogram (ECG) obtained with a
physiologic recorder (MK-1V-P, Narco BioSystems)
was fed into a data acquisition system (1401 Plus,
Cambridge Electronic Design Limited, CED), digi-
tized at 250 Hz and transmitted into a personal
computer which displayed the signal while storing
them on the disk. ECG was stored for the S-min
period preceding every designated time of measure-
ment. Brachial arterial blood pressure was measured
with a sphygmomanometer.

Spectral analysis of heart rate variability

A script language program written with a software
command set (Spike 2 version 4, CED) was used for
the power spectral analysis of R-R interval variability.
R-R interval was measured from peaks of QRS
complex in the ECG. Equidistant time series of R-R
was constructed at 4 Hz by interpolating with a cubic
spline function. DC trends were eliminated by sub-
tracting a linear regression equation from the time
series. Power spectra of R-R variability were obtained
by use of a fast Fourier transform (FFT) algorithm.
The 5-min-long ECG recordings usually provided a
256-sec block available for the analysis, from which
3 128-sec segments overlapping by 50% were ex-
tracted, smoothed with a raised cosine window, and
submitted to FFT to yield a frequency resolution of
0.0078 (=1/128) Hz. Power spectral density functions
derived from all the segments were averaged to
produce the final spectrum, from which VLF (0~
0.05 Hz), LF (0.05~0.15 Hz) and HF (0.15~0.50
Hz) powers were obtained. Total power (02) was
calculated as sum of VLF, LF and HF. Normalized
LF and HF powers were calculated as follows.

LFn = LF/(0>—~ VLF) X 100
HFn = HF/(c>— VLF) X 100

Statistics

The results were presented as means =t standard
errors. The differences between groups were exa-
mined by Kruskal-Wallis test and Mann-Whitney two
sample test. Differences over time of measurement
were evaluated by Wilcoxon test for paired samples.
A P<0.05 level of significance was used.
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RESULTS
Ethanol-induced flushing

While facial flush index after ethanol ingestion was
increased to 3.4+0.1 (P<0.05) at E55 and returned
to pre-ethanol level at E85 in nonflushed (NF) group,
it remained above 4 (somewhat flushed) (P <0.05 vs
pre-ethanol and vs NF) from E15 to E70 in flushed
(F) group (Fig. 1).

Temporal skin temperature was 34.6230.30 and
34.43+0.34°C at CO in NF and F groups, respec-
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Fig. 1. Facial flush index, and temporal and pectoral skin
temperature during passive standing (PS) before and after
ethanol ingestion (EtOH, 0.5 g/kg, sitting) in flushed
(n=8) and nonflushed (n=16) subjects. Subjects remained
in a supine position except for PS and EtOH. Time during
the control experiment is prefixed with ‘C’, and that
during ethanol experiment with ‘E’. Vertical bars re-
present standard errors. “P <0.05 vs CO (before PS;), *P
<0.05 vs C40 (before EtOH), *P<0.05 vs Nonflushed.

tively, and showed a significant increase during 40
min of control experiment in both groups (Fig. 1).
After ethanol ingestion, it was further increased by
0.18+0.08°C (P<0.05 vs C40) at E15 and returned
to pre-cthanol level thereafter in NF group, whereas
it was increased by 0.90+0.26°C (P <0.05 vs C40)
at E15 and was still significantly higher than pre-
ethanol level at E70 in F group.

Pectoral skin temperature was 34.29+0.24 and
3478 £0.25°C at CO in NF and F groups, respec-
tively, and was not changed significantly during the
period of entire experiment in both groups (Fig. 1).

Heart rate and blood pressure

Initial supine heart rate at CO was 74.5+3.0 and
77.3+3.1 beats/min in NF and F groups, respectively
(Fig. 2). During PS, heart rate increased significantly
by 12.1£2.0 and 15.3+4.9 beats/min in NF and F
groups, respectively. In NF group, ethanol ingestion
per se did not alter heart rate, whereas in F group it
produced a significant increase in heart rate by 10.5+
4.2 beats/min at E15 and a higher heart rate than in
NF at E30 and E45. PS after ethanol caused sig-
nificant increases in heart rate by 25.0+ 1.7 and 25.0
+3.4 beats/min (P<0.05 vs E45) in NF and F
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Fig. 2. Heart rate during passive standing (PS) before and
after ethanol ingestion (EtOH, 0.5 g/kg, sitting) in flushed
(n=7) and nonflushed (n=15) subjects. Subjects remained
in a supine position except for PS and EtOH. Time during
the control experiment is prefixed with ‘C’, and that
during ethanol experiment with ‘E’. Vertical bars re-
present standard errors. "P <0.05 vs CO (before PS;) or
E45 (before PS;), "P<0.05 vs C5 or C10 (PSy), *P<
0.05 vs C40 (before EtOH), *P<0.05 vs Nonflushed.
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Fig. 3. Systolic and diastolic arterial pressure during
passive standing (PS) before and after ethanol ingestion
(EtOH, 0.5 g/kg, sitting) in flushed (n=8) and nonflushed
(n=16) subjects. Subjects remained in a supine position
except for PS and EtOH. Time during the control ex-
periment is prefixed with ‘C’, and that during ethanol
experiment with ‘E’. Vertical bars represent standard
errors. "P<0.05 vs E45 (before PS,), *P <0.05 vs C40
(before EtOH), P <0.05 vs Nonflushed.

groups, respectively. Heart rate during the second PS
was significantly higher than the first in both groups.

Systolic pressure was 119.4+2.3 and 119.1+34
mmHg at CO in NF and F groups, respectively, and
was not changed significantly during the entire
experiment except for an increase after ethanol in-
gestion in F group (Fig. 3). Diastolic pressure was
74.8%£2.6 and 71.5+3.6 mmHg at CO in NF and F
groups, respectively, and tended to increase during the
first PS in both groups, while in F group it was
significantly lower than in NF at C5 (Fig. 3). During
PS after cthanol ingestion, diastolic pressure was
increased by 6.7+2.4 mmHg (P <0.05 vs E45) in NF
group, whereas it was not changed throughout the
ethanol experiment in F group.

Spectral analysis of R-R interval variability

Total power of R-R variability was 3896 + 936 and
2612673 msec’ at CO in NF and F groups, re-
spectively, and tended to decrease during the first PS
(P<0.05 in NF) (Table 2). Ethanol ingestion caused
a significant decrease in total power in F group.
During PS after ethanol ingestion, it was significantly
decreased in both groups.
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Fig. 4. Low frequency (LFn) and high frequency (HFn)
powers in normalized units (nu) and ratio of low fre-
quency to high frequency power (LF/HF) of R-R interval
variability during passive standing (PS) before and after
ethanol ingestion (EtOH, 0.5 g/kg, sitting) in flushed
(n=7) and nonflushed (n=15) subjects. Subjects remained
in a supine position except for PS and EtOH. Time during
the control experiment is prefixed with ‘C’, and that
during ethanol experiment with ‘E’. Vertical bars re-
present standard errors. "P <0.05 vs CO (before PS)) or
E45 (before PS»), "P<0.05 vs C5 or C10 (PS)), *P<
0.05 vs C40 (before EtOH), "P<0.05 vs Nonflushed.

(nu) was 59.4+ 3.6 and 69.5 4.0 nu at CO in NF and
F groups, respectively, was significantly increased
during PS by 22.9+3.6 and 12.844.7 nu at CS5 in
NF and F groups, respectively, and was restored to
supine values after PS (Fig. 4). After ethanol in-
gestion, LFn was increased by 7.5+ 3.4 nu at E15 (P
<0.05 vs C40) and returned to pre-ethanol level
thereafter in NF group. In F group, LFn after ethanol
ingestion was significantly increased by 17.4£4.4 nu
at E45 (P <0.05 vs C40 and vs NF). PS after ethanol
ingestion also caused a significant increase in LFn by
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Table 2. Spectral analysis of R-R interval variability during passive standing with or without ethanol ingestion

Control After ethanol ingestion
Cs c10 E50  ES55 E85
Co ®S) (B8 C25 C40 EI5 E30 E45 S) (S E70 .
R-R F 785 659 657~ 837 860" 752 748" 763" 601 588" 811 804
(msec) 35 26 31 37 47 42 31 41 49 41 51 50
NF 823  731° 714" 871" 865" 840 875 881 673" 647" 884 871
31 28 26 34 32 25 27 25 24 19 27 31
Total power F 2612 1568 1520 3360 2479 1468*" 2344 2420 2568 1547 2131 2574
(msec?) 673 423 438 709 313 349 547 667 1785 640 975 7152
NF 3896 2006~ 1892" 4359 4435 3739 4459 3592 2041° 1673 3514 4285
936 352 381 724 796 549 652 611 363 300 570 922
VLF F 1191 840 713 1853 1238 764" 1738 1557 1664 1030 1397 1677
(msec?) 174 225 208 376 156 169 398 458 1142 418 716 400
NF 2281 1104* 1044~ 2243 2242 1992 2630 1929 1216~ 1035 2191 2532
: 664 227 258 361 379 313 459 391 305 188 526 852
LF F 909 586 682 991 691 484" 408" 607 724 441 488 585
(msec?) 337 165 291 285 133 192 93 208 486 206 224 229
NF 931 726 684 1296* 1308 1178 1198 1095  719% 549* 843 1034
230 115 121 256 274 205 185 209 140 126 120 199
HF F 512 142 125 516 549 220 198+ 256+" 180" 76°" 246 313
(msec?) 294 59 52 171 185 105 75 138 158 43 118 161
NF 684 175 164~ 820 885" 568* 631 568  106~" 89*" 480 719
239 34 27 184 250 93 109 98 18 17 9 153

Values are means and standard errors.

Each column represents a 5-min period of data collection that ended at designated time.
(PS) denotes data collected during passive standing which lasted for 10 min.
Ethanol (0.5 g/kg) was ingested for 2 min in a sitting position.

Otherwise subjects remained in a supine position.

VLF: very low frequency, LF: low frequency, HF: high frequency power of R-R variability.

F: flushed group (n=7), NF: nonflushed group (n=15).

"P<0.05 vs CO or E45 (before PS), "P<0.05 vs CS or C10 (PS)), *P<0.05 vs C40 (before ethanol), *P<0.05 vs NF.

226135 and 12.6+2.7 nu in NF and F groups,
respectively. LFn during the second PS was signi-
ficantly higher than the first in both groups.

HFn power was 40.6+3.6 and 30.5+4.0 nu at CO
in NF and F groups, respectively, and changed reci-
procally to LFn throughout the whole experiment
(Fig. 4). Briefly, it was significantly decreased during
each PS in both groups. After ethanol ingestion, HFn
showed a significant decrease in both groups, to a
lower value in F than in NF group.

LF/HF ratio was 1.88+0.37 and 2.62+0.45 at CO
in NF and F groups, respectively, was significantly
increased during PS by 3.10+0.57 and 3.00+1.08 at
C5 in NF and F groups, respectively, and was re-

stored to supine values after PS (Fig. 4). After ethanol
ingestion, the ratio was significantly increased by 1.08
+0.46 and 2.20+£0.76 at E15 in NF and F groups,
respectively. While LF/HF was restored to pre-
ethanol level at E30 in NF group, it remained signi-
ficantly higher than pre-ethanol level until E45 in F
group. LF/HF was significantly greater at E45 in F
than in NF group. PS after ethanol ingestion also
caused a significant increase in LF/HF by 5.05£0.89
and 6.19+1.92 in NF and F groups, respectively.
LF/HF during the second PS was significantly higher
than the first in both groups.
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DISCUSSION

Orthostatic challenge is known to evoke a number
of reflex autonomic circulatory adjustments to main-
tain arterial blood pressure (Norsk, 1992; Sagawa et
al, 1992). The primary mechanisms involved in mean
arterial pressure regulation during head-up tilt include
increased sympathetic efferent activity and decreased
vagal outflow, which can be manifested as increased
LF and decreased HF HRV (Mukai & Hayano, 1995;
Kochiadakis et al, 1997). The correlation between the
tilt angle and parameters of HRV was shown to be
enhanced by expressing HRV powers in normalized
units and by using the LF/HF ratio (Montano et al,
1994; Task Force, 1996). Since the tachycardia result-
ing from sympathetic activation is usually accom-
panied by a marked reduction in total power of HRV,
the normalization procedure has proven crucial to the
interpretation of spectral parameters of HRV (Lom-
bardi et al, 1996; Task Force, 1996). An alternative
procedure to eliminate the influence of total power is
to use the LF/HF ratio which seems to accurately
reflect the sympathovagal balance (Montano et al,
1994; Parati et al, 1995; Lombardi et al, 1996).

In the present study, both sessions of PS caused
increased heart rate, LFn and LF/HF of HRV and
decreased total and HFn powers of HRV in both
groups. This result of spectral HRV analysis in
response to PS may be attributable to the increased
sympathetic activity and decreased cardiac vagal acti-
vity. These autonomic adjustments constitute the pri-
mary mechanism to maintain the arterial pressure
against the orthostatic stress (Norsk, 1992; Sagawa et
al, 1992).

Koskinen et al (1994) observed a decreased HF
power of HRV following ingestion of moderate doses
of ethanol and attributed it to the reduced vagal
modulation of heart rate. Orthostatic challenge after
ethanol ingestion was reported to cause greater in-
creases of heart rate and plasma vasopressin than
without ethanol in normal subjects (Kim et al, 1987)
and a greater fall of arterial pressure in patients with
primary autonomic failure (Chaudhuri et al, 1994). In
the present study, ethanol ingestion per se resulted in
increases of LFn and LF/HF and a decrease in HFn
in both groups. This result suggests that ethanol
caused a shift in the sympathovagal balance to a
sympathetic dominance in both groups (Montano et
al, 1994; Parati et al, 1995).

With an ethanol dose of 0.5 g/kg as used in the

present study, the peak blood ethanol level is well
expected to occur during 30~60 min after ethanol,
based on reports by Huh et al (1986) who admi-
nistered 0.49 g/kg of ethanol to young males to obtain
the peak blood ethanol level of ~40 mg/dl at 30 and
60 min and by Crabb et al (1993) who used a dose
of 0.56 g/kg to young males to observe the peak
plasma ethanol level during 30~60 min following
ethanol administration. Thus PS was performed at 45
min after ethanol in the present study. Compared with
the first PS before ethanol, the second PS caused
greater increases in heart rate, LFn and LF/HF, and
a greater decrease in HFn of HRYV. Diastolic pressure
was significantly increased during the second PS in
NF group. Since the increased diastolic pressure
reflects the reflex vasoconstrition (Taylor et al, 1992;
Sagawa et al, 1993), it is apparent that ethanol
augmented the autonomic response to PS by enhanc-
ing the basal level of sympathetic activity. It is
notable that F group lacked an increase in diastolic
pressure.

Ethanol is oxidized by alcohol dehydrogenase to
acetaldehyde, which in turn is oxidized by aldehyde
dehydrogenase (ALDH). Of the two isoenzymes of
ALDH, ALDH2 is crucial for oxidizing acetaldehyde
while ALDHI1 also contributes to the reaction (Crabb
et al, 1993). Harada et al (1981) first reported that
individuals with the flush response to ethanol in-
gestion lacked ALDH2 activity. Elevated acetalde-
hyde levels after drinking were found in ALDH2-
deficient individuals (Enomoto et al, 1991) and in
individuals with the flush reaction (Zeiner et al, 1979;
Mizoi et al, 1983).

Wall et al (1996) demonstrated that investigator-
observed flushing was both a sensitive and specific
predictor of ALDH2 deficiency. They -categorized
those subjects who rated 4, 5 or 6 with the 7-point
scale (Schukit & Duby, 1982) following alcohol as
flushers. In the present study, 8 subjects who reached
5 or 6 after ethanol were grouped as flushed, and 10
who rated 4 or less and 6 who rated 3 or less after
ethanol were grouped together as nonflushed. Kim et
al (1985) and Kim et al (1987) reported a significant
increase in facial skin temperature after ethanol in
flushed subjects. In the present study, temporal skin
temperature was increased after ethanol in both
groups but the amplitude of increase tended to be
higher in F than in NF group.

After ethanol ingestion, F group showed a higher
heart rate, significant increase in systolic pressure,
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and a greater and more sustained change in HRV
compared with NF group. These results indicate that
the autonomic responses to ethanol are much ac-
centuated in F group. During PS after ethanol in-
gestion, in contrast, F group lacked the increase in
diastolic pressure that was evident in NF group. Even
during the first PS performed before ethanol, F group
showed a slower increase in diastolic pressure than
NF. While flushers seem to have an accentuated
autonomic response to ethanol resulting in higher
heart rate and LF/HF, it is suggested that they have
a weaker vasocontrictive response to PS. This might
be attributable to the release of vasoactive substances
by mast, endothelial, or other cells after ethanol
ingestion in flushed subjects (Crabb et al, 1993).

In summary, PS increased LFn and LF/HF and
decreased HFn powers of HRV in both groups.
Ethanol ingestion per se resulted in increases of LFn
and LF/HF and a decrease in HFn in both groups. The
flushed subjects showed a greater and more sustained
change in HRV and a higher heart rate than NF after
ethanol, and lacked the increase in diastolic pressure
during PS after ethanol.
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