ELECTROPHYSIOLOGICAL CORRELATES OF POSITIVE
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ABSTRACT
Power spectral density (PSD) analysis of heart rate variability has been used to investigate autonomic tone during
stress, but little is known about its regulation during emotional states. We studied the PSD of 20 subjects, trained in a mental
and emotional self-management technique called Freeze-Frame, under controlled laboratory conditions and at work under
real-life stressful situations. Power spectral density plots were divided into three regions: low frequency, LF (0.01-0.05 Hz),
which is predominantly sympathetic activity, mid-frequency, ill (0.05-0.15 Hz), and high frequency, HF (0.15-0.5 Hz), which
is predOminantly parasympathetic activity. Three patterns of autonomic activity could be clearly discriminated in the HRV
tachograms and the PSD plots, namely the normal resting mode, an entrainment mode, and a pattern new to the electro
physiology literature which we have called internal coherence. Each of these electrophysiological states are characterized by
different emotional experiences. We provide evidence for the entrainment and internal coherence modes in a group of 20
subjects who were able to enter and maintain these modes at will using the Freeze-Frame technique. We also demonstrated
that, when an individual is in the entrainment mode, other physiological systems frequency-lock to the entrainment fre
quency(-0.1 Hz). These results suggest that emotional experiences playa role in determining sympathovagal balance inde
pendent of heart rate and respiration. Furthermore, these data suggest that a positive emotional focus may promote a more
cardioprotective autonomic profile, which may help reduce the likelihood of sudden death in patients with congestive heart
failure and coronary artery disease and may be of benefit in the treatment of hypertension.
Key Words: Electrocardiogram, heart rate variability, autonomic nervous system, entrainment, internal coherence, power
spectrum, electrophysiology, emotion

INTRODUCTION
Heart rate variability (HRV), as measured by
the beat-to-beat variation in R-R intervals derived
from the electrocardiogram (EeG), has been
shown to be an important physiological param
eter [1-5]. In addition, the mathematical trans
formation of HRV into power spectral density
(PSD) is commonly used as a non-invasive test
of integrated neurocardiac function, since it can
distinguish sympathetic from parasympathetic
regulation of the heart rate [6]. Over the last few
years there has been an explosion in the number
of studies using HRVand PSD analysis to inves
tigate the role of the autonomic nervous system
in normal and pathological states particularly

heart disease. For example, HRV analysis has
been shown to be an independent risk factor for
death in patients with chronic heart failure [7],
post cardiac catheterization [8] and post myocar
dial infarction [9]. These findings can be partly
explained by the shift in sympathovagal balance
that occurs in most cardiovascular disease. Thus,
decreased parasympathetic tone has been re
ported following acute myocardial infarction
[10], hypertension [6],and heart failure [11], and
increased sympathetic tone has been shown to
lower the threshold for ventricular fibrillation
[12].

The reason for this shift in sympathovagal
balance in cardiovascular disease, with increased
sympathetic and decreased parasympathetic
tone, has, until recently, remained obscure. How
ever, there is now substantial evidence to sug
gest that mental and emotional stress increases
sympathetic and reduces parasympathetic activ
ity [13-15]. This may explain why mental and
emotional stress can predict the risk of cardiac
death following acute myocardial infarction [16],
and may predict the development of hyperten
sion [17, 18J. Thus, programs aimed at decreas
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Inducing a Positive Emotional State
The subjects used the FF technique, as previ
ously described [21-23]. Briefly, this technique
trains subjects to consciously disengage from
mental and emotional reactions by shifting at
tention to the heart, which most people associ
ate with positive emotions. Subjects are then
taught to focus on "sincerely feeling" apprecia
tion, or a similar positive emotion, toward some
one or something, in contrast to "positive think
ing" which involves mentally recalling or visu
alizing a past experience.

ing emotional distress can significantly reduce
the long term risk of cardiac mortality [19, 20].
Such programs may be effective because of their
tendency to promote less cardiotoxic autonomic
activity, reducing sympathetic arousal and in
creasing parasympathetic activity through reduc
ing emotional reactivity and anger and promot
ing emotional balance. We have recently dem
onstrated that individuals can be specifically
taught to develop a more cardioprotective pat
tern of autonomic activity, using a number of self
management techniques which alter
sympathovagal balance[21].
The present study extends our previous work
and describes three different patterns of auto
nomic activity that can be seen at rest and fol
lowing the use of these self-management tech
niques. These patterns are: the normal resting
mode, the entrainment mode and a new electro
physiological mode we have called internal co
herence. We have demonstrated that these pat
terns of autonomic activity not only occur in the
lab under controlled conditions, but can also be
seen in the work place during real-life stressful
events. The physiological and clinical implica
tions of these electrophysiological patterns of
autonomic order are discussed.

Procedures
In the laboratory arm of the study, the sub
jects were seated in straight, high backed chairs
to minimize postural changes and fitted with
disposable Ag/ AgCI ECG electrodes. The posi
tive electrode was located on the left side at the
6th rib and the reference was placed in the right
supraclavicular fossa. Grass model 7P4 amplifi
ers were used in this study. Respiration was
monitored with a Resp-EZ piezoelectric belt
around the chest. The pulse transit time (PTT),
which is the time interval between the peak of
the R-wave and the appearance of the pulse wave
associated with that same cardiac contraction at
the index finger on the left hand, was recorded
using a Grass model 80 cardiac microphone.
All measurements were recorded throughout
the entire 10 minute baseline period, with the
last 5 minutes of data used for analysis. Subjects
were then asked to use the FF technique to facili
tate a shift to a positive emotional state, which
they then maintained for the subsequent 5 min
utes. Five minutes is the minimum time required
to accurately resolve frequencies down to 0.01
Hz in the HRV power spectrum and the maxi
mum time that some subjects could sustain the
emotional focus. Heart rate, short term HRV and
PSD measures were calculated from these two
5-minute periods. Five subjects were studied per
session. A total of 4 sessions were conducted at
the same time of day (10 AM) over a one week
period. After informed consent was obtained,
and prior to each session, subjects were asked to
refrain from talking, falling asleep, making ex
aggerated body movements or intentionally al
tering their respiration. Subjects were carefully
monitored to ensure there were no significant

METHODS
We assessed the HRV and PSD of 20 normal
healthy individuals during a 10-minute baseline
period followed by a 5-minute period of emo
tional expression under controlled conditions in
the lab. To facilitate the shift from a resting
baseline state to a state of positive emotional ex
pression, all subjects were trained in a self-man
agement technique called Freeze-Frame (FF). In
addition, using ambulatory ECG monitoring, we
studied the HRV and PSD of all subjects during
real-life stressful situations and following the use
of the FF technique to manage their stress.
We recruited twenty men and women for this
study: 10 females and 10 males, aged 24-47 (mean
= 39) years. All subjects were in good general
health with no history of cardiovascular disease
and were not currently taking prescription drugs
known to affect cardiovascular function. Subjects
were instructed to abstain from alcohol, caffeine
and nicotine for 4 hours prior to the laboratory
session.
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respiratory or postural changes during the ses
sion.
In the work environment arm of the study,
24-hour ambulatory EeG recording was accom
plished by fitting the same 20 subjects with three
channel Holter recorders (DelMar model 363).
This 24-hour period included a normal business
day at the subjects' place of work. Subjects were
asked to use the FF technique on at least 3 sepa
rate occasions when they felt under stress. They
were instructed to press the Holter recorder event
marker each time they used the FF technique. The
period of positive emotional expression was, of
course, not preceded by a 10-minute resting
baseline period, nor was it possible to control for
postural changes.

Statistical Analysis

The raw data baseline values were compared
to the during Freeze-Frame values and were ana
lyzed for statistical significance using the
Wilcoxon Signed Ranks Test utilizing the sum of
the ranks for positive and negative differences
for each group where
(sum of signed ranks)
ISquare root (sum of squared ranks).
Results
Laboratory Arm of the Study
1. Normal resting pattern of HRV.

Representative HRV traces of the three pat
terns of autonomic nervous system order are
presented in Figure 1. The left-hand panels are
HRV tachograms showing the beat-to-beat
changes in heart rate in the time domain. The
middle panels in Figure 1 show the power spec
tral density (PSD) plots of the HRV waveforms.
The PSD gives an estimate of the energy within
each different frequency band. The right-hand
panels show the Fast Fourier transforms (FFT)
of a single la-second epoch of the raw EeG data
from which the HRVand PSD plots were derived.
These plots illustrate the frequency of the elec
tromagnetic energy produced by a la-second se
ries of heart beats and helps to clarify the rela
tionship between HRV and the frequency of the
electromagnetic energy prod uced by the heart.
Three different patterns of autonomic activ
ity, related to differing emotional states, could
be clearly discriminated during the laboratory
arm of the study. While subjects were sitting qui
etly, the HRV tachogram showed a variable de
gree of irregularity, with the heart rate ranging
from 58 bpm to 82 bpm. The more disordered
pattern shown in Figure lA commonly occurs
during periods of frustration and anger, and can
be induced by simply having the subjects recall
an event that makes them feel angry [21]. PSD
analysis of the HRV data demonstrated that the
power was typically scattered across all three fre
quency bands (Figure IB) and the Fast Fourier
transforms of the EeG data revealed a chaotic
signal with numerous frequencies scattered
throughout the spectrum (Figure lC).

HRV Analysis

The short term HRV signal is in the form of
an R-R interval tachogram. PSD was obtained
from the analysis of successive discrete R-R in
terval series taken from the EeG signal, sam pled
at 256 Hz. All data was digitized by a Bio Pac 16
bit digitizer and software system. Analyses of
HRV, Fast Fourier Transforms (FFT), PSD (cal
culated as (BPM)2/Hz) and time domain mea
surements were made using DADiSP 132 digital
signal processing software.
We divided the power spectrum into three
major frequency ranges (LF, MF and HF), as pre
viously described [4, 24,25]. The integral of the
power spectrum within each region was then
calculated. The LF region (0.01 to 0.05 Hz) is pri
marily considered a measure of sympathetic ac
tivity with a minor parasympathetic component
[4]. In contrast, the HF region (0.15 to 0.5 Hz) is
associated with respiratory sinus arrhythmia and
is almost exclusively due to parasympathetic
activity [3,4,25]. The LF IHF ratio has been used
as a measure of sympathovagal balance [2, 14,
26] and the MF region (0.05 to 0.15 Hz) has been
used as an indirect indicator of activity in the
baroreceptor feedback loop controlling blood
pressure [27]. Power in the MF region is thought
to be mixed sympathetic and parasympathetic
activity, but predominately the latter [4]. In ad
dition, total autonomic power (LF + MF + HF)
and the MF/(LF + HF) ratio were calculated.
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Figure 1. A, D and G Heart rate tachograms: A Illustrates a disordered pattem of HRV that occurs when subjects are feeling frustrated.
D Illustrates a sinusoidal pattem of HRV that occurs when subjects are feeling sincere appreciation. G Illustrates the reduction of HRV
amplitude that Is accompanied by an Inner feeling state we call ampllfted peace. Figure 1B, E and H represent power spectral density
plots of the corresponding HRV tachograms shown In Figure :LA, 1D and 1G respectively. Figure 1e, F and I represent FFTs of a 10 sec.
epoch of ECG data from which the HRV tachograms shown In :LA, 10 and 1G were deriVed.

3. Internal coherence mode.
Four of the subjects in the laboratory arm of
the study produced a third pattern of autonomic
order, new to the electrophysiologicalliterature,
which is represented in Figures IG to 11 and Fig
ure 3. In this mode, which we have called inter
nal coherence, the variability in the heart rate
tachogram was dramatically reduced (Figure
IG). The PSD plot of this data showed that a sub
stantial reduction in total autonomic power
across all frequency bands had occurred (Figure
IH). The equivalent ECG frequency plot of the
same data revealed a much greater reduction in
the "interference" between the different fre
quency bands than is seen in the entrainment
mode, producing the equivalent of a "clean" har
monic spectrum of standing waves (Figure 11).
Thus, the mode of internal coherence could be
defined, in electrophysiological terms, as that
mode which produces a reduction in PSD across
all frequency bands in the HRV spectrum and
produces at least seven harmonics in the Fast
Fourier Transform of the ECG data, with few in
termediate frequencies having a significant am
plitude.
Figure 3A illustrates a subject consciously
making a transition from the entrainment mode
to the internal coherence mode, in real time, while
Figure 3B shows the change in PSD analysis as a
result of this shift.

2. Entrainment Mode.
When the subjects used the FF technique to
generate a state of positive emotional expression,
significant changes in the HRV, PSD and FFf data
were produced. In the majority of subjects the
HRV tachograms changed to a sine wave-like sig
nal (Figure ID). The PSD analysis of this data
showed the development of a very narrow, high
amplitude signal in the MF (O.lHz) region of the
HRV power spectrum, with few or no other peaks
in the LF and HF regions (Figure IE). The shift in
autonomic activity which produces a large MF
peak in the HRV power spectrum indicates that
respiration and pulse transit time have frequency
locked with the HRV rhythm. This frequency
locking has been previously described and is re
ferred to as "entrainment" [28,29]. An example
of frequency locking between HRV, PTT and res
piration is presented in Figure 2A, and the PSD
analysis of this data before and after the FF is
presented in Figures 2B and 2C respectively. By
using the FF technique, subjects could enter the
entrainment mode at will by sincerel y experienc
ing a positive emotional state such as apprecia
tion, care or love.
FFf analysis of the ECG data revealed a re
duced degree of "interference" between the dif
ferent frequency peaks, with fewer intermediate
frequencies between the main peaks (Figure IF).
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Table 1. CardiovascUlar characteristics of the group analyzed as
a whole from the In-Iab-study. Values represent raw data ± standard
deviation before and during the Freeze-Frame (n=20).
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baseline and FF periods plus the mean heart rate,
and heart rate standard deviation. There was no
significant difference in heart rate between the
baseline period and during FF for either the en
trainment or internal coherence subgroup. In
contrast, heart rate standard deviation showed
opposite trends in the two subgroups, increas
ing significantly during FF in the entrainment
group (P = .005) and decreasing during FF in the
internal coherence group.
Analysis of the mean spectral data for the
entrainment subgroup revealed that, during the
FF period, there was a significant increase in :MF
(p < .001) and HF power (p < 0.01) and a more
than two-fold increase in total autonomic power
(p < 0.001). There was also a significant increase
in the :MF/(LF+HF) ratio (p < 0.01). In contrast,
the internal coherence subgroup demonstrated
a decrease in the :MF power and a decrease in
the :MF I (LF+HF) ratio. There was also a decrease
in the LF and total autonomic power in the in
ternal coherence subgroup, although statistics
could not be performed due to the small num
ber of subjects in this sub group.
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Analysis of the data obtained from the labo
ratory arm of the study revealed that, of the 20
subjects, 16 entered the entrainment mode with
a main PSD peak occurring at approximately
0.1Hz, and four subjects entered the internal co
herence mode, with Significant reductions in to
tal autonomic power across all frequencies. Table
1 presents the PSD values for the entire group
and Tables 2 and 3 for each subgroup during the
5

.0001), total power (p = .0316) the LF /HF ratio
(p < .0001) and HRSD (p ;: .0001). There was a
significant increase in HF power (p = .001) and
heart rate (p < .0001).

Workplace Arm of the Study
A total of 51 FF responses from the Holter
tape data were identified as artifact-free and suit
able for analysis. Table 4 shows the results of the
data when analyzed as a whole and Tables 5 (en
trainment) and 6 (other) show the data when
analyzed as sub groups. Analysis of the entire
group reveled a significant decrease in LF power
(p < .0001) the LF /HF ratio (p < .0001) and HRSD
(p = .03). There were significant increases in MF
power (p = .02), HF power (p < .0001), the MF /
(LF+HF) ratio (p < .001) and heart rate (p < .0001).
The data was then divided into two an en
trainment sub group and a sub group contain-

DISCUSSION
The management of mental and emotional
dysfunction traditionally involves a variety of
psychotherapeutic interventions and more psy
chological approaches like cognitive restructur
ing and neurolinguistic programming. In addi
tion, a number of alternative techniques, which
involve attentional shifts, have been employed.
For example, Yoga attempts to "still the mind"
by focusing attention on the breath or differing
parts of the brain, whereas Qigong focuses on
the "Dan Tien" point (just below the navel). In
contrast, the FF technique used in this study fo
cuses attention on the area around the heart. All
of these techniques shift attention to areas of the
body which possess intrinsic automaticity, i.e.
pacemaker cells within these areas spontane
ously generate a rhythmic electrical output.
These areas of the body, that possess intrinsic au
tomaticity, are referred to as "biological oscilla
tors" [30]. By using paced breathing, meditation
or yoga and intentionally focusing attention on
respiration it is possible to alter the intrinsic os
cillatory rhythm of the respiratory center in the
brain [31]. It is feasible that the frequency and
rhythms of the intestinal peristaltic contractions,
which are normally in the same frequency range
as the HRV rhythm [32], may be similarly modi
fied by focusing attention in the area of the gut.
The effectiveness of hypnosis in irritable bowel
disease may, in part, be due to an alteration of
the intrinsic rhythm of intestinal contractions
brought about by the increase in parasympathetic
nervous system activity that occurs in the hyp
notic state [33]. In this study we have shown that
shifting attention to the area around the heart,
and experiencing a positive emotional state, pro
duces a significant shift in cardiac rhythm. This
shift in cardiac rhythm produces a sinusoidal
HRV trace with the heart rate rising and falling
regularly every ten seconds (O.lHz), in addition
to a shift in autonomic activity with increased
power in the mid and high frequency end of the
HRV power spectra.

Table 4. Cardiovascular characteristics for the out-of-lab study
when analyzed a whole group. Values represent raw data ± standard
devlatton before and after the Freeze-Frame. (n=51)
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deviation before and after the Freeze-Frame. (n=21)
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ing all other FF's classified as internal coherence
or other similar types of patterns. The entrain
ment sub group showed a significant decrease
in LF power (p = .0129), and the LF /HF ratio (p
= .002). There were significant increases in MF
power (p =.0001), HF power (p;: .0096), the MF/
(LF+HF) ratio (p;: .0001), total power (p =.0078)
and heart rate (p = .0012).
The non-entrainment or other sub group
showed a significant decrease in LF power (p <
6

analysis for unequivocally predicting the devel
opment of cardiovascular disease[2J.
During the condition of internal coherence,
the electromagnetic energy produced by the
heart, as seen in the FFT analysis of the ECG sig
nal, is a clear example of a coherent electromag
netic field. Recent advances in our understand
ing of the interaction between coherent signals
and noise in nonlinear systems has resulted in
the prediction that these nonthermal coherent
electromagnetic signals may be detected by
cells[40, 41J. Further evidence suggests that co
herent electromagnetic fields may have impor
tant implications for cellular function. For ex
ample, it has been recently demonstrated that
nonthermal extremely low frequency electro
magnetic signals may affect intracellular calcium
signaling [42J. In addition, coherent electromag
netic fields have been shown to produce substan
tially greater cellular effects on enzymatic path
ways, such as Ornithine Decarboxylase activity,
than incoherent signals [43]. This suggests that
the state of internal coherence may also affect
cellular function and provides a potential link
between autonomic function, HRVand cellular
processes.
Both the entrainment and internal coherence
modes are characterized by different emotional
experiences and these electrophysiological
modes change as the emotional state changes.
Entrainment is typically produced by experienc
ing the feelings of sincere appreciation or love,
while individuals entering a state leading to in
ternal coherence describe a feeling of deep con
nectedness, profound peace and minimal men
tal and emotional dialog. Both states can be con
sciously produced and, although the duration
that a subject can hold these states is brief at first,
with practice they can be maintained for increas
ingly longer periods of time. Subjects also fre
quently reported heightened intuitive awareness
in both states, and anecdotal evidence suggests
that Significant reductions in blood pressure may
occur in hypertensive patients during and after
they enter the entrainment mode (unpublished
observations).
Recent evidence suggests that there may be
a reciprocal relationship between baroreceptor
activity and sympathetic drive, with increased
baroreceptor activity inhibiting sympathetic out
flow [44-46], while stress increases sympathetic

It is well known that mechanical systems en
train to the frequency and rhythm generated by
the most powerful signal [34, 35J. This study,
along with previous work from our laboratory
[36], suggests that entrainment also occurs in bio
logical oscillators, such as vascular smooth
muscle, respiratory centers and other centers in
the brain. Since the heart generates the most pow
erful electromagnetic and hemodynamic
rhythms in the body, it follows that the other bio
logical oscillators will entrain to the rhythms gen
erated by the cardiac pacemakers.
The clinical implications of entrainment of
the biological oscillators at 0.1 Hz are not yet fully
understood. However, we have previously dem
onstrated that the shift in sympathovagal balance
that follows use of the FF technique, and the con
sequent increase in power at the O.lHz frequency
[21], produces a Significant increase in salivary
IgA [22, 37] and may protect against death from
ischaemic heart disease [21]. While conscious
control of respiration [28L neutral hypnosis [33J
and operant conditioning of heart rate [38] have
also been shown to produce shifts in
sympathovagal balance, their effects on PSD
analysis and immunological function are unclear.
Similarly, the clinical implications of internal
coherence are unknown. Generally HRV de
creases with age [2J, and a decline in HRV am
plitude or total autonomic power is considered
to be both detrimental and a poor prognostic in
dicator in ischaemic heart disease [39]. However,
we suggest that this generalization may not hold
true in normal healthy individuals where the re
duction in total autonomic power, seen when
individuals enter the internal coherence mode,
may merely indicate that the sympathetic and
parasympathetic outflow from the brain to the
heart is reduced to such a degree that the oscilla
tions in the HRV are greatly reduced. This abil
ity of healthy individuals to reduce their HRV to
near zero indicates, we suggest, a great degree
of mental and emotional self-management and
flexibility. This is in contrast to the pathological
loss of HRV, seen in ischaemic heart disease,
which indicates a loss of flexibility with the si
noatrial node unable to respond to autonomic in
nervation. The state of internal coherence may
partly explain why some otherwise healthy in
dividuals have a very low HRV [2], a fact which
has hitherto limited the clinical utility of HRV
7

Heart rate variability frequency domain analysis. Amb.
Electrocardio., 10(3): 499-537.
3. Pomeranz B, Macaulay JB and Caudill MA. (1985) As
sessment of autonomic function in humans by heart rate
spectral analysis. Am. J. Physiol., 248: H151-HI58.
4. Akselrod S, Gordon D, Ubel FA, Shannon DC, Barger AC
and ConenRJ. (1981) Power spectrum analysis of heart rate
fluctuation: a quantitative probe of beat-to-beat cardiovas
cular control. Science, 213(10): 220-222.
5. Appel ML, Berger RD, Saul P, Smith J and Cohen R. (1989)
Beat to beat variability in cardiovascular variables: noise or
music? J.A.CC, 14(5): 1139-1148.
6. Pagani M, Lombardi F and Guzzette S. (1986) Power spec
tral analysis of heart rate and arterial pressure variabilities
as a marker of sympatho-vagal interaction in man and con
scious dog. Cir. Res., 59: 178-184.
7. Frey B, Binder T, Teufelsbauer H, Wutte M, Kreiner G,
Gossinger H, Schrnidinger H, Pacher R and Weber H. (1993)
Heart rate variability and patient outcome in advanced heart
failure. Am. J. Cardiol., 21: 286A.
8. Saini MW, Kleiger RE, Carney RM, teVelde A and
Freedland KE. (1988) Correlation of heart rate variability
with clinical and angiographic variables and late mortality
after coronary angiography. Am. J. Cardiol., 62: 714-717.
9. Kleiger RE and Miller JP. (1978) Decreased heart rate vari
ability and its association with increased mortality after
acute myocardial infarction. Am. J. Cardiol., 59: 256-262.
10. Rothschild M, Rothschild A and Pfeifer M. (1988) Tem
porary decrease in cardiac parasympathetic tone after acute
myocardial infarction. Am. J. Cardiol., 62: 637.
11. Saul JP, Arai Y, Berger RD, Lilly LS, Colucci WS and
Cohen RJ. (1988) Assessment of autonomic regulation in
chronic congestive heart failure by heart rate spectral analy
sis. Am. J. Cardiol., 61: 1292-1299.
12. Lown B, DeSilva M and Lenson R (1978) Role of psy
chologic stress and autonomic nervous system changes in
provocation of ventricular premature complexes. Am. J.
Cardiol., : 979-985.
13. Lindqvist A, Keskinen E, Antila K, Halkola L, Peltonen
T and Viilimaki I. (1983) Heart rate variability, cardiac me
chanics, and subjectively evaluated stress during simula
tor flight. Aviation, Space and Environmental Medicine, (Au
gust): 685-690.
14. Kamada T, Miyake S, Kumashiro M, Monou H and Inoue
K. (1992) Power spectral analysis of heart rate variability in
type As and type Bs during mental workload. Psychosom.
Med., 54: 462-470.
15. Kollai M and Kollai B. (1992) Cardiac vagal tone in
generalised anxiety disorder. British Journal ofPsychiatry, 161:
831-835.
16. Shelelle RB, Vernon SW and Ostfeld AM. (1991) Person
ality and coronary heart disease. Psychosom. Med., 53: 176

drive and inhibits baroreflex activity [47]. Barore
ceptor activity is known to be sensitive to vari
ous psychological states [48], and we believe that
the increase in MF power that occurs during the
positive emotional experience of FF represents
an increase in baroreceptor afferent activity.
Therefore, FF may reduce the sensation of stress
by increasing baroreceptor activity and inhibit
ing sympathetic outflow from the brain. In addi
tion, the increase in MF power that is seen dur
ing entrainment may have important implica
tions for the control of hypertension, since
baroreflex sensitivity is reduced in these indi
viduals [49, 50].
Data from the workplace arm of the study
suggests that the FF technique is equally effec
tive at producing the electrophysiological
changes seen in the laboratory under real life
stressful situations. Anecdotal reports suggest
that most subjects found the FF technique effec
tive in reducing their levels of stress in the work
place.
In conclusion, this study demonstrates that
shifting attention to the area around the heart
combined with a positive emotional focus can
produce a shift in sympathovagal balance with
a resultant change in the electrical frequencies
generated by the heart. This shift leads to entrain
ment of other biological oscillators in the body.
Although we only examined a small number of
subjects over a short period of time, these results
support previous studies and suggest that posi
tive emotional states which promote
synchrOnicity in biological systems may have
important implications for immunity, cardiovas
cular function and the perception of stress. The
characterization of a new electrophysiological
mode, called internal coherence, demonstrates
the ability of subjects to significantly reduce
mental and emotional processing and autonomic
activity. Larger studies, with a greater number
of subjects and longer assessment of HRV, are
now required to determine whether the poten
tial of this type of behavioral intervention can be
broadly realized.
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17. Markovitz JH, Matthews KA, Kannel WB and Cobb JL.
(1993) Psychological predictors of hypertension in the
Framingham study: is there tension in hypertension? Jour
nal ofthe American Medical Association, 270(20): 2439-2494.
18. Conway J, Boon N, Jones JV and Sleight P. (1983) In
volvement of the baroreceptor reflex in changes in blood
pressure with sleep and mental arousaL Hyperten., 5: 746
748.
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