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Abstract

This study was designed to test the hypothesis that alteration of cardiovascular autonomic functions
by vegetarian diets in healthy postmenopausal women is related to lipid metabolism.  A total of 70
healthy postmenopausal women not on hormone therapy participated in this study: 35 were vegetarians
(mean age 55.0 years) and 35 were omnivores (mean age 55.1 years).  Cardiovascular autonomic functions
and baroreflex sensitivity were evaluated by specific frequency-domain measures of heart rate variability
(HRV) and arterial blood pressure fluctuation.  The vegetarians had statistically significant lowered
blood pressure, total cholesterol, low-density lipoprotein (LDL) cholesterol, triglyceride, and fasting
glucose levels compared with the omnivores.  The vegetarians exhibited a significant higher total power,
low-frequency (LF; 0.04-0.15 Hz) and high-frequency (HF; 0.15-0.4 Hz) of HRV and increased baroreflex
sensitivity measures [Brr(LF) and Brr(HF)] compared with the omnivores.  Total power, LF and HF of
HRV, Brr(LF), and Brr(HF) were significantly and negatively correlated with LDL-cholesterol
concentrations (P < 0.01).  We concluded that the increases of cardiac vagal activity and baroreflex
sensitivity by vegetarian diets in postmenopausal women are inversely related to LDL-cholesterol levels.
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Introduction

Epidemiological studies have revealed that the
incidence of cardiovascular disease is higher in
postmenopausal women than in age-matched men and
premenopausal women (12, 17) because of higher
arterial blood pressure (ABP), dyslipidemia (19),
insulin resistance (3) and atherosclerotic progression

(20).  Although a deficiency of estrogen is a major
cause, it remains less clearly demonstrated whether
other physiological factors are involved.

Postmenopausal women have been shown to
have disturbed activity of cardiac autonomic functions
(1).  One study showed that cardiac vagal activity is
related to the risk or severity of cardiovascular disease
or sudden cardiac death (22).  Epidemiological
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evidence also shows depressed baroreflex sensitivity
is associated with reduced survival secondary to
coronary artery disease (CAD) (9).  Therefore,
alteration of cardiac autonomic functions might be a
contributing factor for the increased incidence of
CAD in women after menopause.

Our previous study showed that postmenopausal
women eating a vegetarian diet had an increase in
cardiac vagal functions and baroreflex sensitivity, as
well as optimal lipid profiles and blood pressure (8);
this was determined with frequency-domain analysis
of heart rate variability (HRV).  To determine whether
the vagotonic effect of vegetarian diets in postmenopausal
women is related to the decreased lipid concentrations,
we designed this study to test the hypothesis that alteration
of cardiovascular autonomic functions by vegetarian
diets in healthy postmenopausal women is related to
lipid metabolism.

Materials and Methods

Study Sample and Experimental Setup

The participants were recruited from the health
check-up department of Tzu Chi Dalin General Hospital.
A total of 70 healthy postmenopausal women not taking
hormone replacement therapy were recruited into this
study.  Thirty-five vegetarians, who had been vegetarian
by themselves for 2 to 35 years (mean duration 7.9
years) ate no meat or fish because of their religious
belief, but some occasionally consumed eggs and milk
(ovo-lactovegetarians) in small amounts.  The control
group comprised 35 age-matched healthy omnivores.
A detailed questionnaire was administered and a
complete medical history was taken from each subject.
Physical and neurological examinations were conducted
for each patient.  Subjects with systemic diseases or
arrhythmia were excluded.  Complete blood count,
serum lipid profile, fasting blood sugar, and uric acid
concentrations were determined to exclude those
patients with diabetes mellitus, thyroid disease or
infectious diseases.  Furthermore, no subjects smoke
cigarettes, drank alcoholic beverages or took any
medications reported to influence cardiovascular
functions.  The procedures used in this study were
approved by the Human Research Committee of Tzu
Chi Dalin General Hospital, and all subjects were given
with informed consent.

Recording of ABP and ECG

Instantaneous ABP and electrocardiogram
(ECG) recordings were taken for 5 min in the daytime

while each subject sat quietly and breathed normally.
ABP was recorded non-invasively using a continuous
blood pressure monitor (CBM-700, Colin, Komaki
City, Aichi, Japan).  ECG recordings were obtained
by precordial leads.  ABP and ECG signals were
recorded using a 12-bit analog-to-digital converter
(PCL-818, Advantech, Hualien, Taiwan, R.O.C.) with
a sampling rate of 1024 Hz.  All biological signals
were acquired, displayed, and stored on a personal
computer  ( IBM-PC compat ib le)  for  off - l ine
verification.

Auto-Spectral Analysis of ABP and HRV

The analysis technique for ABP and ECG
variations was previously documented (25).  The
original ABP signals were subject to off-line spectral
analysis by the construction of an average periodogram.
For this purpose, a 288-s segment of stable ABP signals
was divided into 8 sets of 64-s windows.  Each set
overlapped the next set by 50%.  Computation of the
spectrum was performed using fast Fourier transform.
The ABP spectra obtained for the 8 data sets were
subsequently averaged to minimize contributions from
variable noise and to sharpen reproducible spectral
components.  The computer program subsequently
quantified each spectral component by method of
integration.  We focused on the lower end of the
frequency, including very-low-frequency (0.016-0.04
Hz), low-frequency (LF, 0.04-0.15 Hz) and high-
frequency (HF, 0.15-0.4 Hz).

Processing of ECG signals for HRV was performed
with a standard procedure1.  Each QRS complex was
identified.  The R point of each valid QRS complex
was defined as the time point of each heart beat, and
the interval between two R points (R-R interval) was
estimated as the interval between the current and latter
R points (interpulse interval).  Frequency-domain
analysis of HRV was also performed using the
nonparametric method of Fourier transform.  For each
time segment (288 s, 2048 data points), our algorithm
estimated the power spectral density on the basis of
Fourier transform.  The resulting spectrum was corrected
for attenuation resulting from the sampling and the
Hamming window.  The power spectrum was
subsequently quantified into various frequency-domain
indices as total power, LF (0.04-0.15 Hz) and HF
(0.15-0.40 Hz) power, LF in normalized units (LF%),
and ratio of LF to HF (LF/HF).

Cross-Spectral Analysis of ABP and HRV

Cross-spectral analysis of ABP and HRV signals

1 Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology.  Heart rate variability:
standards of measurement, physiological interpretation and clinical use.  Circulation 93: 1043-1065, 1996.
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was conducted to evaluate the baroreflex sensitivity.
A standard method in the evaluation of baroreflex
sensitivity entailed measuring the slope of the regression
line that relates reflex changes in heart rate in response
to various degrees of transient hypertension.  Because
of the required systemic administration of vasopressors
as phenylephrine, this method was deemed undesirable
in our study.  Instead, we evaluated spontaneous
baroreflex sensitivity by using the recently established
method.  The magnitude of the ABP-HR transfer
function was used.  Coherence analysis indicates that
fluctuations in ABP and HR were linearly correlated
in the LF and HF ranges (7, 21).  Thus the LF and HF
magnitudes of the ABP-HR transfer function were used
as the indicator for the spontaneous baroreflex
sensitivity [Brr(LF) and Brr(HF)] (24).

Statistical Methods

All measured values are expressed as means ±
standard error (SE).  Natural logarithm transformation
was applied to the spectral power of the ABP and
HRV to adjust for the skewness of the distribution
(16).  Comparisons between 2 sets of data were performed
with the unpaired Student’s t-test.  Pearson product-
moment correlation coefficients were calculated to
provide quantitative measures of the dependence between
the total power, LF and HF of HRV, as well as baroreflex
sensitivity measures [Brr(LF) and Brr(HF)] and age,
body mass index (BMI), ABP, and total cholesterol,
low-density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, fasting glucose and uric
acid concentrations.  The statistical significance was
set at P < 0.05 levels.

Results

Characterization and Cardiovascular Autonomic
Measures

The mean ages, age of menopause and BMI between
the omnivore and vegetarian groups did not significantly
differ.  The vegetarian group had significantly lower
systolic and diastolic blood pressure, lowered serum’s
total cholesterol, LDL cholesterol, triglyceride, and
fasting blood glucose concentrations than those of the
omnivore group (P < 0.05) (Table 1).  Quantitation of
HRV indices and baroreflex sensitivity measures from
the 2 groups showed that the vegetarian group had
significantly higher total power, and LF and HF power
of HRV compared with the omnivore group (P <
0.05).  The vegetarian group exhibited a significant
improvement in the Brr(LF) and Brr(HF) components
compared with those of the omnivore group (P < 0.05)
(Table 2).  The above preliminary data have been
published in 2006 (8).

Correlations

Table 3 shows the correlation between total power,
LF and HF of HRV, and Brr(LF) and Brr(HF) with age,
BMI, systolic ABP, diastolic ABP, and total cholesterol,
LDL cholesterol, HDL cholesterol, fasting blood glucose
and uric acid concentrations.  Total power, LF and HF
of HRV, Brr(LF) and Brr(HF) were significantly and
negat ive ly  corre la ted  wi th  LDL choles tero l
concentrations (P < 0.01).  Total power and LF of HRV
were significantly and negatively related with total
cholesterol levels; HF of HRV and Brr(LF) were also

Table 1.  Baseline characteristics of the 2 groups

Omnivore Vegetarian
P values

(n = 35) (n = 35)

Age, y 55.1 ± 1.4 55.0 ± 1.3 0.965
Age of menopause, y 49.3 ± 0.7 49.4 ± 0.5 0.978
BMI, kg/m2 23.8 ± 0.6 22.8 ± 0.5 0.168
SABP, mmHg 133.4 ± 2.6 121.1 ± 2.5 0.001
DABP, mmHg 81.7 ± 1.7 72.4 ± 2.0 0.001
HR, beats/min 77.0 ± 1.6 76.9 ± 1.8 0.989
Total cholesterol, mg/dl  203.6 ± 8.6 174.0 ± 4.3 0.004
LDL cholesterol, mg/dl 135.9 ± 6.8 111.6 ± 6.1 0.014
HDL cholesterol, mg/dl 49.4 ± 5.1 50.3 ± 6.2 0.874
Triglyceride, mg/dl 93.1 ± 8.4 63.1 ± 6.2 0.007
Fasting blood glucose, mg/dl  94.0 ± 1.7 87.8 ± 1.4 0.007
Uric acid, mg/dl 4.9 ± 0.2 4.4 ± 0.2 0.098

Values are presented as means ± SE; n: no. of subjects/group; BMI: body mass index; SABP: systolic arterial blood pressure;
DABP: diastolic arterial blood pressure; HR: heart rate; LDL: low-density lipoprotein; HDL: high-density lipoprotein;
P values: vs. omnivore by unpaired Student’s t-test.
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significantly and negatively correlated with systolic
ABP.  A scatter plot of the correlation between LDL
cholesterol concentrations and the total power of HRV,
HF of HRV, Brr(LF) and Brr(HF) is given in Fig. 1.

Discussion

The major findings of this study are: [1]
vegetarians of 2 or more years’ duration have more
favorable blood pressure measurements and lipid
concentrations compared with omnivores; [2]
vegetarian diets may increase the total power, LF and
HF power of HRV and baroreflex sensitivity measures

in healthy postmenopausal women; and [3] alteration
of cardiovascular autonomic functions by vegetarian
diets in healthy postmenopausal women is related to
LDL cholesterol levels.

Frequency-domain analysis of HRV provides a
unique aspect of autonomic regulation of the heart.
Standards of measurement, physiological interpretations
and clinical applications of HRV analyses have been
well-documented since 19961.  The HF component of
frequency-domain analysis of HRV is well-established
to represent vagal regulation of the heart; LF% and
LF/HF are considered to mirror sympathovagal balance
or to reflect sympathetic modulations (16).  In this

Table 3. Correlation coefficients between heart rate variability variables (TP, LF and HF), and baroreflex
sensitivity measures [(Brr(LF) and Brr(HF)], and age, BMI, blood pressure, lipid profiles, fasting glucose,
and uric acid levels

 TP LF HF Brr(LF) Brr(HF)

Age -0.124 -0.156 -0.095 -0.146 -0.395*

BMI -0.199 -0.208 -0.128 -0.137 -0.024
SABP -0.221 -0.124 -0.423* -0.331† -0.120
DABP -0.225 -0.105 -0.230 -0.225 -0.124
Total cholesterol -0.337† -0.307† -0.179 -0.230 -0.273
LDL cholesterol -0.571* -0.548* -0.465* -0.399* -0.430*

HDL cholesterol -0.231 -0.209 -0.160 -0.110 -0.064
Triglyceride -0.333† -0.233 -0.248 -0.279 -0.296
Fasting glucose -0.170 -0.150 -0.070 0.119 0.137
Uric acid -0.287 -0.238 -0.270 -0.043 -0.086

Pooled data n = 70; TP: total power; LF: low frequency power; HF: high frequency power; BMI: body mass index; SABP:
systolic arterial blood pressure; DABP: diastolic arterial blood pressure; LDL: low-density lipoprotein; HDL: high-density
lipoprotein; *P < 0.01; †P < 0.05.

Table 2.  Heart rate variability indices and baroreflex sensitivity measures of the 2 groups

Omnivore Vegetarian
P values

(n = 35) (n = 35)

Heart rate variability indices
Total power, ln(ms2) 6.23 ± 0.17  6.90 ± 0.15 0.005
LF, ln(ms2) 5.09 ± 0.21  5.75 ± 0.19 0.022
HF, ln(ms2) 4.58 ± 0.14  5.28 ± 0.16 0.002
LF/HF, ratio 0.54 ± 1.4 0.51 ± 0.13 0.869
LF%, nu 51.87 ± 2.96  48.55 ± 3.17 0.448

Baroreflex sensitivity measures
Brr(LF), ms/mmHg 2.87 ± 0.36 4.31 ± 0.41 0.011
Brr(HF), ms/mmHg 4.20 ± 0.40 5.99 ± 0.58 0.015

Values are presented as means ± SE; n: no. of subjects/group; LF: low-frequency power, HF: high-frequency power, LF/
HF: ratio of LF to HF, and LF%: normalized LF in normalized units (nu) of heart rate variability; Brr(LF): low-frequency,
and Brr(HF): high-frequency transfer magnitude between arterial blood pressure and heart rate variability; ln: natural
logarithm; P values: vs. omnivore by unpaired Student’s t-test.

1 Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology. Heart rate variability:
standards of measurement, physiological interpretation and clinical use.  Circulation 93: 1043-1065, 1996.
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study, vegetarians had a higher HF power but similar
LF% and LF/HF of HRV compared with the omnivores.
These results suggest that vegetarian diets may facilitate
vagal activities of the heart.

From cross-spectral analysis of ABP and HRV,
we used the LF and HF transfer magnitude [Brr(LF)
and Brr(HF)] as indicators for the baroreflex sensitivity
(15).  With this method, we also determined that Brr
(LF) and Brr(HF)- levels significantly increased in
the vegetarian group compared with the omnivore
group, which demonstrated that long-term vegetarians
had better baroreflex sensitivity.

Recent studies of vegetarians confirm a lower
risk of fatal heart disease (13, 17, 23).  The underlying
mechanisms are multifactorial with some complex effects.
It is well documented that a positive association exits
between lipid levels and cardiovascular mortality2.
Studies have also revealed that vegetarians have lower
blood pressure measurements, and lower total and LDL
cholesterol concentrations than do omnivores.  These
factors contribute to less progression of coronary
atherosclerosis in vegetarians (17).

In this study, we found cardiovascular autonomic
functions in postmenopausal women, including total
power, LF and HF of HRV, Brr(LF), and Brr(HF) were
all significantly and negatively related to serum LDL
cholesterol concentrations.  Hypercholesterolemia

Fig. 1. Correlation between total power (TP) and high-frequency power (HF) of heart rate variability (HRV), as well as baroreflex
sensitivity measures [Brr(LF) and Brr(HF)] and low-density lipoprotein cholesterol (LDL-C); ln: natural logarithm.

has been proved to be associated with a decreased 24-
h HRV in men with and without CAD (5).  Decreased
HRV is a strong predictor of coronary mortality (10),
so the fact that raised serum LDL cholesterol
concentrations increase the mortality from CAD might
partially be due to an impaired autonomic balance
(5).  Also treatment with the lipid-lowering agent,
atorvastatin has been shown to increase in HRV level
in hypercholesterolemic patients with or without CAD
(18).  In addition, serum LDL cholesterol is oxidized
by macrophages to become oxidized LDL, which has
important atherogenic properties by increasing
inflammatory response (2).  An increased inflammatory
activity may also lead to poor prognosis in CAD by
declining HRV levels (11).

In the Cholesterol and Recurrent Events (CARE)
study (6), the magnitude of the endothelium-dependent
vasodilatation was significantly correlated with the
percentage change in LDL cholesterol concentration
after administration of pravastatin.  Therefore, the
impaired endothelium-dependent arterial dilatation in
the vessel walls caused by higher lipid levels might
also change the baroreflex capacity (4, 5).  That is
consistent with our findings that baroreflex sensitivity
is negatively correlated with LDL cholesterol levels.
Accordingly, one of the underlying mechanisms
linking vegetarian diets and cardiovascular autonomic

2 National Cholesterol Education Program. Second report of the expert panel on detection, evaluation, and treatment of high cholesterol in adults (adult
treatment panel II).  Circulation 89: 1329-1445, 1994.
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functions in postmenopausal women is associated with
lower serum LDL cholesterol concentrations (14).

In fact, many factors, such as lifestyle and
physical exercises may influence the physiological
measurements.  In this study, we have attempted to
adjust for these factors during the subject selection
process.  The recruited subjects were nonsmokers, did
not consume alcoholic beverages, did not receive
hormone therapy for their postmenopausal status, were
non-athletes, had a similar age of menopausal onset,
had equal BMI, and were generally healthy.  These
parameters were considered sufficient to reduce the
possibility of confounding the date and to increase the
validity of the results.  However, the presence of cardiac
arrhythmia is a limitation of this study, which may
make frequency-domain analysis of cardiovascular
measures hard to be interpreted.

Our study results, although only a small, cross-
sectional observation, conclude that in postmenopausal
women, long-term vegetarians have lower blood pressure
measurements and lipid concentrations compared with
the omnivores.  Vegetarian diets also facilitate vagal
regulation of the heart and increase baroreflex sensitivity.
Furthermore, the increases of cardiac vagal activity
and baroreflex sensitivity in postmenopausal women
are related inversely to LDL cholesterol levels.
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