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Abstract The present study investigated the activity of
the autonomic nervous system (ANS), a major influence
in normal physiological function, and its association
with unfavorable postmenopausal states in body com-
position, lipid and/or glucose metabolism, or cardio-
vascular profiles. Body composition, blood pressure,
and blood profiles of lipid and glucose of 175 post-
menopausal women were measured. Resting ANS
activity was assessed by heart rate variability (HRV)
power spectral analysis. To scrutinize the influence of
ANS activity levels on postmenopausal obesity-related
factors, we divided the subjects into a low group
( < 220 ms2) and a high group ( > 220 ms2), based on
the total power of HRV. Low-frequency (P < 0.01) and
high-frequency power (P < 0.01) were both signifi-
cantly lower in the low group. No significant difference
was found in age, age at menopause, or years after
menopause between the two groups. In contrast, body
mass index (P < 0.05), percentages of body fat
(P < 0.01), and systolic (P < 0.01) and diastolic
(P < 0.01) blood pressure were significantly greater in
the low group. As to blood lipid profiles, triglycerides
(P < 0.05), total cholesterol (P < 0.05), and low-den-
sity lipoprotein cholesterol (P < 0.05) were significantly
higher in the low group. Our findings indicate that re-
duced sympatho-vagal activity is associated with higher

postmenopausal body fat content, blood pressure, and
blood lipid concentrations. This study further implies
that such autonomic depression could be a crucial risk
factor in undermining the health and, ultimately, the
quality of life, of postmenopausal women.
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Introduction

The 2002 National Nutrition Survey in Japan classified
more than 30% of postmenopausal women over the age
of 60 years as obese and revealed a significantly higher
rate of obesity than that of the 1982 survey (Ministry of
Health, Labor and Welfare, Japan 2004). The gyneco-
logical literature defines menopause as the permanent
end of menstrual cyclicity secondary to ovarian failure,
but it encompasses much more than just the cessation of
menstruation, with the consequences being multifaceted
(Wise et al. 1996). According to longitudinal and cross-
sectional studies, postmenopausal women have greater
total and abdominal adiposity and lower energy expen-
diture during rest and physical activity compared to that
of premenopausal women (Lynch et al. 2002; Poehlman
et al. 1995, 1997). In addition, recent research has shown
deleterious effects of menopause on cardiovascular and
metabolic processes that predispose women to a greater
incidence of metabolic risk factors for cardiovascular
disease such as dyslipidemia, hypercholesterolemia,
hypertension, and insulin resistance (Carr 2003; Poehl-
man et al. 1997). Although a deficiency of estrogen
production accompanied by aging is a major cause, it
remains unclear whether other physiological mecha-
nisms are also involved in undermining the health of
postmenopausal women.

The autonomic nervous system (ANS) contributes to
nearly every important homeostatic process in the body.
This implies that the suppression of autonomic func-
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tioning could induce far-reaching adverse effects on
health. Although autonomic abnormality in established
adult obesity remains an unresolved issue (Jones et al.
1996; Scherrer et al. 1994), several human studies (La-
ederach-Hofmann et al. 2000; Peterson et al. 1988; Pet-
retta et al. 1995; Tataranni et al. 1997) have strongly
supported the MONA LISA (Most obesity known are
low in sympathetic activity) hypothesis (Bray 1991).
Clinical research has further demonstrated reduced
autonomic function in patients suffering from diabetes
mellitus with and without autonomic neuropathy
(Hayashi et al. 1994; Singh et al. 2000), dyslipidemia
(Danev et al. 1997; Doncheva et al. 2003), multiple
metabolic syndrome disorders (Liao et al. 1998), or
coronary heart disease (Hayano et al. 1990), one of the
most prevalent forms of cardiovascular disease. Even
individuals in the early stage of hypertension present
autonomic dysfunction (Singh et al. 1998). Despite the
recent findings that sympatho-vagal activity is altered
after menopause (Brockbank et al. 2000; Davy et al.
1998; Liu et al. 2003), there is a paucity of information
regarding the potential association of the autonomic
dysregulation with obesity and/or other pathophysio-
logical complications in postmenopausal women.

The electrocardiogram (ECG) R–R interval, or in-
ter-beat interval of heart rate is determined by the net
effect of sympathetic and parasympathetic input. Be-
cause it is accessible and noninvasive, the spectral
analysis of heart rate variability (HRV) has gained
popularity with broad applications as a functional
indicator of the ANS (Task force of the European
Society of Cardiology and the North American Society
of Pacing and Electrophysiology 1996). In addition,
HRV power spectral analysis lightens the burden im-
posed on subjects during an experiment, as opposed to
an invasive measurement, i.e., plasma catecholamine
concentration and muscle sympathetic nerve activity,
and offers a practical and valuable approach to eval-
uating the sympatho-vagal activity in climacteric clini-
cal research (Brockbank et al. 2000; Davy et al. 1998;
Liu et al. 2003).

Accordingly, the present study evaluated the resting
ANS activity of postmenopausal women by means of
the HRV power spectral analysis and investigated the
association of reduced sympathetic and/or parasympa-
thetic activity and unfavorable clinical states of body
composition, lipid and/or glucose metabolism, or car-
diovascular profiles after menopause.

Methods

Subjects and design

The present investigation was performed on 175 post-
menopausal women (55.4 ± 0.4 years) who visited our
climacteric clinic. The study protocol was approved by
the Institutional Review Board of Tokyo Medical and
Dental University and was performed in accordance

with the Declaration of Helsinki. All subjects received an
explanation of the nature and purpose of the study, and
all gave their written informed consent to participate in
the study. The subjects completed a standardized health
questionnaire including medical history, medication, age
at menopause, lifestyle, diet, smoking habits, alcohol
consumption, and physical activity. In all cases, more
than 6 months had passed since the last menstrual
bleeding, the serum estradiol was lower than 20 pg ml�1

(73.42 pmol l�1), and the serum follicle-stimulating
hormone level was more than 50 IU dl�1. None of the
subjects exercised regularly, smoked, or drank heavily
(consuming > 80 g alcohol/day). The subjects were not
clinically diagnosed with diabetes mellitus, hypertension,
cardiovascular disease, or other endocrine diseases, nor
were they taking medications that could alter autonomic
function and lipid metabolism. All subjects were asked
not to consume any food or beverages containing alco-
hol or caffeine after 9:00 p.m. of the day preceding the
study. The subjects were also instructed to abstain from
alcohol and excessive physical activity for 24 to 48 h
before testing.

Experimental procedure

The subjects came to the laboratory at approximately
9:00 a.m., and all experiments were performed in the
morning. The room temperature was kept controlled
at 25�C, quiet, and comfortable, with minimization of
arousal stimuli. After the measuring of height and
body weight, the percentage of body fat was deter-
mined by means of a bioelectrical impedance analyzer
(SS-103, Sekisui, Tokyo, Japan). Body mass index
(BMI) was calculated as body weight divided by height
squared.

Blood was drawn from the antecubital vein with the
subject seated comfortably. After accurate skin prepa-
ration, the subjects were fitted with ECG electrodes and
rested for at least 20 min prior to the start of the
experiment. After the resting period, the CM5 lead ECG
was continuously monitored and recorded for 5 min
during supine rest. All subjects breathed in synchrony to
a metronome at 15 beats min�1 (0.25 Hz) to ensure that
the respiratory-linked variations in heart rate did not
overlap the lower-frequency heart rate fluctuations (be-
low 0.15 Hz) from other sources.

R–R spectral analysis procedure

The ANS activity was non-invasively measured by HRV
power spectral analysis. The analysis technique used in
the present study has been applied in basic physiological
and clinical research fields, and its validity and reliability
has been previously confirmed (Amano et al. 2001;
Hayashi et al. 1994; Moritani et al. 1995; Nagai and
Moritani 2004). The procedure of R–R interval power
spectral analysis has been described in great detail else-
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where (Hayashi et al. 1994; Moritani et al. 1995). Briefly,
the ECG signal was amplified (MEG-6100, Nihon
Kohden, Tokyo, Japan) and digitized via a 16-bit analog-
to-digital converter (Model PS-2032GP, TEAC, Tokyo,
Japan) at a sampling rate of 1,000 Hz. The digitized
ECG signal was differentiated, and the resultant QRS
spikes and the intervals of the impulses (R–R intervals)
were stored sequentially on a hard disk for later analyses.

Before the R–R spectral analysis was performed, the
stored R–R interval data were displayed and aligned
sequentially to obtain evenly-spaced samples with an
effective sampling frequency of 2 Hz (Rompelman et al.
1977) and displayed on a computer screen for visual
inspection. Then, the direct current component and
linear trend were completely eliminated by digital fil-
tering for the band-pass between 0.03 and 0.5 Hz. The
root mean square value of the R–R interval was calcu-
lated as representing the average amplitude. After
passing through the Hamming window, power spectral
analysis by means of a fast Fourier transform was per-
formed on a consecutive 256-s time series of R–R
interval data obtained during the test. The spectral
powers were calculated for the following respective fre-
quency band: the low frequency (LF) power (0.03 and
0.15 Hz), an indicator of both sympathetic and para-
sympathetic nervous system (PNS) activity; the high

frequency (HF) power (0.15 and 0.5 Hz), which solely
reflects the PNS activity; and the total power (0.03 and
0.5 Hz) representing the overall ANS activity (Fig. 1)
(Amano et al. 2001; Hayashi et al. 1994; Moritani et al.
1995; Nagai and Moritani 2004).

Blood analyses

Blood samples were immediately transferred to silicon-
ized tubes containing Na2 EDTA (1 mgml�1) and cen-
trifuged at 4�C. Each serum was frozen and stored at –
20�C until assay. Concentrations of glucose, total cho-
lesterol, high density lipoprotein (HDL) cholesterol, and
triglycerides were measured by the Hitachi automated
analyzer 7350 (Hitachi Ltd., Tokyo, Japan). Low den-
sity lipoprotein (LDL) cholesterol levels were deter-
mined by the Hitachi automated analyzer 7170 (Hitachi
Ltd., Tokyo, Japan).

Statistical analyses

All statistical analyses were performed using a com-
mercial software package (SPSS 12.0J for Windows,
SPSS Inc., Tokyo, Japan). Statistical differences between
groups were assessed by using Student’s unpaired t-test.
Correlation coefficients and significance values between
two variables were calculated by linear regression anal-
ysis. P values < 0.05 were considered statistically sig-
nificant. Data are expressed as mean ± SE.

Results

The total power of HRV in all subjects showed skewed
distribution, and 50 percentile was 220 ms2. To scruti-
nize potential influence of ANS activity levels on obes-
ity-related factors, including body composition and
metabolic and cardiovascular profiles after menopause,
we divided the subjects into two groups based on the
total power, i.e., low group (total power < 220 ms2)
and high group (total power > 220 ms2). The statistical
analysis revealed that both the LF and HF power were
significantly lower in the low group than in the high
group (LF: 51.6 ± 3.1 vs. 261.1 ± 36.5 ms2, P < 0.01;
HF: 59.8 ± 3.7 vs. 318.2 ± 27.1 ms2, P < 0.01).

Table 1 shows the physical characteristics of the low
and high groups. No significant difference between the
two groups was found either in age, age at menopause,
or in years after menopause. BMI (P < 0.05) and
percentages of body fat (P < 0.01) were, however,
significantly greater in the low group than those in the
high group. It should be noted that the BMI of the
subjects in the low and high groups is in the average
range of Japanese postmenopausal women according to
the very recent National Health and Nutrition Survey
in Japan (Ministry of Health, Labor and Welfare, Ja-
pan 2005).
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Fig. 1 Examples of ECG R–R interval changes and the corre-
sponding power spectra for a postmenopausal woman in the resting
condition. The technique of heart rate variability power spectral
analysis used in the present study identifies two separate frequency
components, low (0.03–0.15 Hz) and high (0.15–0.5 Hz), which are
represented by the black and the white areas, respectively
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The ratio of waist to hip was also higher in the low
group compared to that in the high group, but no sig-
nificant difference was detected. Both systolic
(P < 0.01) and diastolic (P < 0.01) blood pressure was
greater in the low group than in the high group.

Regarding blood profiles, the glucose level did not
differ between the two groups (94.7 ± 1.1 vs.
95.9 ± 1.7 ng ml�1). As Fig. 2 presents, in contrast,
the values of triglycerides (124.5 ± 8.6 vs. 97.9 ±
5.9 mg dl�1, P < 0.05), total cholesterol (224.5 ±
4.3 vs. 210.7 ± 3.6 mg dl�1, P < 0.05), and LDL
cholesterol (127.8 ± 4.6 vs. 115.0 ± 3.5 mg dl�1, P <
0.05) were significantly higher in the low group than

in the high group. The HDL cholesterol level was lower
in the low group than that of the high group (73.2 ±
1.9 vs. 75.0 ± 2.1 mg dl�1); however, the difference in
value did not reach statistical significance. Linear cor-
relation analysis revealed no significant relationship
between age and those four blood lipid concentrations in
each group.

Discussion

Measurement of the HRV integrates pre-synaptic and
post-synaptic end-organ response and provides a com-
prehensive quantitative and qualitative evaluation of
neuro-autonomic function under various physiological
conditions and clinical settings (Davy et al. 1998; Hay-
ano et al. 1990; Hayashi et al. 1994; Liao et al. 1998;
Matsumoto et al. 1999). Although quantification and
interpretation of HRV remain an intricate issue (Conny
et al. 1993; Eckberg 1997), the efficacy and applicability
of the technique utilized in the present study have been
shown in the previous research: The findings from a
pharmacological blockade experiment with atropine, a
parasympathetic muscarinic antagonist and propranolol,
a b-adrenoceptor antagonist, in our laboratory (Hayashi
et al. 1994; Matsumoto et al. 1999; Oida et al. 1997)
supported the classical studies (Akselrod et al. 1981 Pa-
gani et al. 1986) and confirmed: (1) HF power is associ-
ated solely with the PNS activity, and the LF power is

Table 1 Physical characteristics of subjects

Variables Low group
(n = 87)

High group
(n = 88)

Age (years) 56.0 ± 0.6 54.8 ± 0.5
Age at menopause (years) 49.1 ± 0.4 48.1 ± 0.5
Years after menopause (years) 6.9 ± 0.6 6.6 ± 0.5
Height (cm) 154.6 ± 0.6 156.2 ± 0.5*

Weight (kg) 53.3 ± 1.0 51.6 ± 0.9
Body mass index (kg m�2) 22.2 ± 0.3* 21.2 ± 0.4
Percentage of body fat (%) 28.1 ± 0.5* 26.3 ± 0.5
Waist to hip ratio 0.78 ± 0.01 0.77 ± 0.01
SBP (mmHg) 124.2 ± 2.0* 117.9 ± 1.8
DBP (mmHg) 76.5 ± 1.2** 71.9 ± 1.0

Values are means ± SE
**P < 0.01; *P < 0.05
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Fig. 2 Comparison of triglyceride, total cholesterol, high density lipoprotein (HDL) cholesterol, and low density lipoprotein (LDL)
cholesterol between the low and the high groups, respectively. Results are expressed as mean ± SE for each group. *P < 0.05
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jointly mediated by the PNS and sympathetic nervous
system (SNS) activity; and (2) R–R interval variability
and the integrated values of all the components of power
spectra could reflect overall ANS activity. Taking these
findings into consideration, it is plausible to assume that
both the SNS and PNS activity were more reduced in the
low group of the present study because the total power,
together with the LF and the HF power, were all sig-
nificantly lower compared to those in the high group.

As to the association of the total power with meta-
bolic profiles, our recent clinical study (Amano et al.
2001) of obese middle-aged women shows that twelve
weeks of moderate aerobic exercise training significantly
increased the total power together with LF and HF
power. These changes were associated with the decreases
in adiposity and an improvement of cardiovascular
capacity. The results imply that individuals with lower
value of total power as found in the low group of the
present study could be more susceptible to obesity and/
or obesity-related disorders.

The alteration of autonomic function has been widely
believed to contribute to energy metabolism, weight
regulation, and consequently, the pathophysiology of
obesity. Tataranni et al. (1997) demonstrated that uri-
nary norepinephrine and epinephrine excretion rate
correlated negatively with body weight gain and the
development of central adiposity, respectively. The time
and/or frequency domain analysis of HRV has been
widely used in human obesity research and has provided
notable findings: a series of our recent studies has found
an association with obesity and decreased sympathetic
responsiveness to various thermogenic perturbations
(Matsumoto et al. 1999, 2000, 2001). Similarly, Peterson
et al. (1988) and others (Petretta et al. 1995; Laederach-
Hofmann et al. 2000) reported a negative correlation of
sympathetic and parasympathetic activity with increas-
ing BMI or percentages of body fat. In a study on weight
gain, Hirsch et al. (1991) described an inverse relation-
ship of the amount of weight gain with lower parasym-
pathetic drive. While supporting the MONA LISA
hypothesis (Bray 1991) as the earlier research demon-
strated, the present investigation further suggests that
lower activity in both sympathetic and parasympathetic
branches of ANS is associated with increases in adi-
posity in postmenopausal women.

The present study has shown that the influence of
reduced ANS activity extends to cardiovascular and
blood lipid profiles. As observed in body composition,
none of the clinical variables regarding the cardiovas-
cular system or glucose or lipid metabolism deviated far
from the normal ranges. Significant differences were
detected, however, in systolic and diastolic blood pres-
sure, triglycerides, total cholesterol, and LDL choles-
terol between the low and the high groups. Novak et al.
(1994) demonstrated that spectral powers of HRV
were all significantly smaller in hypertensive patients
compared to those in normotensive individuals. This
unfavorable phenomenon has been found even the
women, who have become hypertensive of late, in a

population-based study (Singh et al. 1998). As to lipid
metabolism, total cholesterol and LDL cholesterol were
negatively associated with the HRV measures (Danev
et al. 1997; Doncheva et al. 2003). Liao et al. (1998)
have shown that multiple metabolic syndrome disorders
had an additional adverse effect on sympatho-vagal
activity beyond that of hypertension, diabetes, or dysl-
ipidemia alone. Since the orchestrations of the ANS
plays a major role in normal physiological function,
these findings indicate that the suppression of auto-
nomic functioning could cause more than just increases
in adiposity, including broadly ranged medical disor-
ders. In addition, the present study implies that the
HRV spectral analysis serves as a productive and
applicable device to uncover potential autonomic dys-
function in a subclinical and/or early stage of various
pathophysiological conditions.

According to the climacteric research, menopause is
associated with reduced energy expenditure during rest
and physical activity, an accelerated loss of fat-free mass,
and alteration of adipose tissue metabolism and fat oxi-
dation (Ferrara et al. 2002; Lynch et al. 2002; Poehlman
et al. 1995, 1997). The dysregulation of energy metabo-
lism could induce an increase in total adiposity and a
redistribution of fat to the abdominal region (Lynch et al.
2002; Poehlman et al. 1995, 1997). In addition, post-
menopausal women have a well-documented, increased
risk of metabolic syndrome including dyslipidemia,
insulin resistance, and hypertension, and consequently,
cardiovascular disease. Despite intricate underlying
mechanisms, the pathogenic condition may be a direct
result of ovarian failure, or alternatively, an indirect re-
sult of central fat redistribution with estrogen deficiency
(Carr 2003). The epidemiological data show that women
below the age of 50 years rarely develop cardiovascular
disease, but the incidence is equal in men and women,
70 years of age (Carr 2003). As the clinical evidence
indicates, menopause heralds the onset of physiologic
changes that trigger detrimental effects on the metabolic
and cardiovascular systems. Taken together with the
present findings, it is conceivable that lower sympatho-
vagal activity in the postmenopausal period, as observed
in the low group, could be a risk factor in accelerating the
worsening health profile of women.

In conclusion, our findings indicate an association of
postmenopausal reduced sympatho-vagal activity with
higher body fat content, blood pressure and blood lipid
concentrations. As life expectancy increases, women in
general experience a longer life after menopause. The
association of menopause and increased risk of health
hazards is well known. Thus, this study further implies
that the reduced sympatho-vagal activity has an addi-
tional adverse effect on the health profile and ulti-
mately, on the quality of life, of postmenopausal
women.
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