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Although cardiac sympathovagal regulation has been studied 
during stress using power spectral denSity ana~vsis ofheart rate vari­
ability. little is known about its regulation during emotional states. 
Using heart rate variability measurements, we studied autonomic 
balance in 20 subjects trained in a mental and emotional selfman­
agement technique ca/Jed Freeu·Frame. The study was conducted in 
two environments: under controlled laboratory conditions. and under 
real-life stres~ful conditions in the workplace. Power spectral denSity 
plots ofR-R intervals obtained from electrocardiogram recordings 
were divided into three regions: lowfrequency (predominantly sympa­
thetic activity), mi4frequency. and high frequency (parasympathetic 
activil)·). Measurements were taken for a 5·minute baseline period. 
followed ~v a5-minute period ofpositive emotional expression. 

Three unique conditions ofautonomic nervous system order can 
be c/ear~v discriminated in the data: (1) normal heartjUnction mode. 
(2) entrainment mode. and (3) internal coherence mode. The internal 
coherence mode is new to the electrophysiology literature. We provide 
supporting datafor modes 2 and 3 and show that agroup of20 sub· 
jects trained in this technique can enter and maintain these states at 
will. Wefound that. when one is in the entrainment mode. other phys· 
iological systems lock to the entrainmentfrequency. which is approxi­
matel\, 0.1 Hz. 

, 	 'The results suggest that emotional experiences playa role in 
determining sympathovagal balance independent ofheart rate and 
respiration and jUrther suggest that positive emotions lead to alter­
ations in heart rate variability that may be benefiCial in the treatment 
ofhypertension and reduce the likelihood ofsudden death in patients 
with congestive heartfailure and coronary artery disease. (Alternative 
Therapies in Health and Medicine. 1996:2(1):52-65.) 

ith the assistance of computers it has be­
come apparent that heart rate variability 
(HRV). as measured by the beat-to-beat 
variation in R-R intervals of heart beats 
recorded by electrocardiogram (ECG). is an 

important physiological parameter.'" The mathematical trans­
formation ofHRV into power spectral density is commonly used 

as a noninvasive test ofintegrated neurocardiac function because 
it can distinguish sympathetic from parasympathetic regulation 
of the heart rate.~ Thus. HRV analysis provides a window 
through which autonomic nervous system functions can be 
monitored. It is commonly used to monitor and predict cardio­
vascular diseases~9 and enables the clinician to predict the devel­
opment of diabetic autonomic neuropathy sooner than with 
other available methods. 'o It is well known that lowered HRV is 
associated with aging,!1 lowered autonomically mediated hor­
monal responses.U and increased incidence ofsudden death.U 

Recent work has also suggested that HRV analYSis can be 
used to characterize psychologically based illnesses such as 
major depression,!l panic disorders.l< and anXiety and worry.'s 
HRV analysis has also shown that during mental or emotional 
stress sympathetic activity increases and parasympathetic activi­
ty decreases. I Using power spectral denSity analysis. we have&-1& 

shown that recall of anger significantly increased sympathetic 
outflow to the heart, whereas feelings of appreciation decreased 
sympathetic and increased parasympathetic outfloW.19 Increased 
sympathetic activity is associated with a lower ventricular fibril­
lation threshold and an increased risk offibrillation.2Il in contrast 
to increased parasympathetic activity. which protects the heart.~t 
Decreased parasympathetic tone has been reported after acute 
myocardial infarction,21 hypertension: and heart failure.21 These 
findings may explain why mental and emotional stress are asso­
ciated with the risk of cardiac death after acute myocardial 
infarction2

' and may be associated with the development of 
hypertension.25.l<; 

Interventions that enable one to increase self-control of 
mental and emotional states. thereby altering sympathovagal bal­
ance by decreaSing sympathetic activity and increasing parasym­
pathetic activity, could significantly influence the incidence and 
severity of cardiovascular disease. Recent experimental data sup­
porting this hypothesis demonstrates that rehabilitation pro­
grams aimed at decreaSing emotional distress and sympathetic 
arousal and improving mood can significantly reduce the long­
term risk ofcardiac mortalit),.2;.2S It has also been shown that pe0­

ple who express positive emotions show less life stress;!:! and are 
less likely to become ill.'u In the present srudy we assessed sympa­
thovagal balance. using power spectral density analysis ofHRV. in 
a group of 20 subjects trained in a stress management technique 
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called Freeze-Frameol in two settings: (1) in the laboratory under 
controlled conditions and (2) in the workplace during real-life 
stressful events. 

The Freeze-Frame technique has been shown to consistently 
, 	 produce desired shifts in parasympathetic tone and sympathova­

gal balance. and has been tested in both normal individuals and 
subjects with pathological conditions.,".lJThe technique has been 
employed successfully in a number of applications to reduce 
stress and emotional reactivity. Subjects using this technique are 
instructed to consciously disengage from unpleasant mental and 
emotional reactions. shift attention to the heart. and focus on 
feeling appreciation or a similar positive emotion toward some­
one. This I-minute. 5-step technique. intended to be used when 
one is feeling stressed or out of balance. involves the following 
abbreviated steps: 

1. Recognize the stressful feeling. and Freeze-Frame it (take 
a timeout). 

2. Make a sincere effort to shift your focus away from the 
racing mind or disturbed emotions to the area around your 
heart. 

3. Recall a positive. fun feeling or time and attempt to re­
experience it. 

4. Using your intuition. common sense. and sincerity. ask 
your heart what a more efficient response to the situation would 
be. one that would minimize future stress. 

5. Usten to what your heart says in answer to your question. 
Subjects are to feel the feeling. in contrast to mentally 

recalling or visualizing a past positive experience. The technique 
is described in more detail by Childre.lI 

BACKGROUND 
Figure lA illustrates how the sympathetic and parasympa­

thetic branches of the autonomic nervous system influence the 
sinus node of the heart. thereby modulating heart rate. The 

baroreceptor feedback system. which sends rate and blood pres­
sure intormation back to the brain. is also shown in this dia­
gram. Figure IB illustrates the power spectrum of as-minute 
HRV wavetorm. The HRV power spectrum has been divided into 
three frequency ranges: low-frequency (U: O.OI...u.05 Hz), mid­
frequency (MF: O.OS-U.lS Hz)' and high frequency (HF: O.lS-O.S 
Hz).' The ratio of HF to LF power is often used as an approxima­
tion of sympathovagal balance. The MF region is used to dis­
criminate the power in the baroreceptor teedback loop. which is 
responsible for beat-to-beat blood pressure controL l

) The power 
in the MF region can be due to parasympathetic or sympathetic 
activity. or to a mixture of both. but is primarily from parasym­
pathetic activity.'>' 

Mental and emotional states affect autonomic nervous sys­
tem activity. HRV waveforms. and coupling between respiration 
and the heart: states of agitation-for instance. frustration and 
anger-tend to cause disorder in HRV wavetorms."·); Typical 
HRV waveforms obtained in previous studies in our laboratory 
are illustrated in Figures 2A and B. The top graphs are the base­
line or normal state HRV wavetorms and power spectral density 
plots. whereas the ~disordered" examples show changes in a sub­
ject feeling anger. Note the jerky pattern seen in this waveform. 

Although the detrimental effects of negative emotional 
states on cardiovascular function are weil recognized. the possi­
ble beneficial effects of positive emotional states have not been 
well studied. Research in our laboratory has focused on the car­
diovascular effects of such positive emotional states as care and 
appreciation. using the Freeze-Frame technique." In describing 
these inner states and their concomitant dectfophysiological 
changes. we have introduce''! several terms to the literature (see 
Glossary ofNew Terminology). 

Typical HRV patterns are generated when subjects use the 
Freeze-Frame technique to consciously shift their inner state to 
one of sincere appreciation (entrainment: Figure 2) or to a state 
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FIGURE 2 A. HRV graphs of heart function modes derived from Figure 3a ECG data; B. the corresponding power spectral density for each 
mode (note the scale for the entrainment mode). 
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we call "amplified peacew (internal coherence). These terms char­
acterize the mental and emotional state an individual experi­
en.:es. whereas the graphs represent the electrophysiological 
measurement ofwhat we call heart function modes. 

Two qualitatively distinct physiological modes of heart 
function can be recognized by their HRV waveforms. The 
entrainment mode is reached when frequency locking occurs 
between the HRV waveform and other biological oscillators.lLW 

An example of entrainment between the HRV waveform, pulse 
transit time. and respiration is shown in Figure 3. In general. we 
have found that sincerely experienced positive emotional states 
such as appreciation. care. and love lead to the entrainment 
mode. The internal coherence mode results when one is able to 
shift intentionally into an inner state we have termed amplified 
peace. In this state one's internal mental and emotional dialog is 
largely reduced and one becomes aware of an inner electrical 
equilibrium (see Glossary ofNew Terminology). 

The data indicate that in this state the sympathetic and 

parasympathetic outflow from the brain to the heart is reduced 
to such a degree that the oscillations in the HRV waveform 
become nearly zero. The frequency domain (amplitude) spectra 
of lO-second epochs of the ECG then exhibits a harmonic series 
(Figure 48). Many of the remarkable qualities associated with 
this state are described by Paddison:'" 

Figure 4A presents lo-second epochs of the ECG data for 
the heart function modes associated with the inner feeling states 
of Figure 2. The states of frustration. sincere appreciation. and 
amplified peace yield the disordered. entrained. and internal 
coherence modes of heart function. respectively. compared with 
baseline. Figure 48 provides the corresponding amplitude spec­
tra of this ECG data. Note the similarities in the time domains of 
the three ECGs compared with the Fourier analysis of the same 
ECG data. In particular. the presence of the internal coherence 
mode is clearly identified by its "cleanW harmonic spectrum of 
standing waves. The HRV waveforms in Figure 2A are derived 
from 5 minutes ofthis same ECG data. 
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METHODS 
Experimental Protocol 

For the laboratory study 20 subjects trained in the Freeze­
Frame technique were seated in straight. high-backed chairs to mini­
mize postural changes. fitted with ECG electrodes. and then given a 
lO-minute rest period. ECG measurements were recorded during 
the rest period. and the last 5 minutes were used as the baseline peri­

, 	 od. Recordings were continued while the subjects were asked to use 
the Freeze-Frame technique and consciOusly focus on a loving state 
for the next 5 minutes. Five subjects were assessed at each session. A 
total offour sessions were conducted at the same time ofday (11 AM) 

over 1 week. After informed consent was obtained. and before each 
session. subJects were asked to refrain from talking. falling asleep. 
and exaggerated body movements. and from intentionally altering 
their respiration pattern. Subjects were carefully monitored to pre­
clude exaggerated respiratory or postural changes during the ses­
sion. No biofeedback aids were used and. in fact. few if any of the 

subjects had prior experience with biofeedback training. 
The same 20 sub.jects were asked to wear three-channel 

Holter recorders for a 24-hour period. which included a normal 
business day in their workplace. They were asked to use the 
Freeze-Frame technique on at least three occasions when they 
were feeling stress or were out of balance. They were instructed 
to press the recorder's marker button each time they used the 
Freeze-Frame technique. This portion of the study was designed 
to assess autonomic nervous system balance in a real-life stress­
ful environment and to determine the efficacy of the Freeze­
Frame technique to consciously improve sympathovagal balance. 
Of course. no 10-minute rest period occurred before the use of 
the Freeze-Frame technique in this experiment. nor was control 
for postural changes possible. 

Physiological Measures 
Disposable electrodes (silver/silver chloride) were used for 

56 ALTERNATIVE TH ERAPJ ES. IANUARY 1996. VOL. 2. NO.1 	 Cardiac Coherenre A New. Nonmva5ive Measure 

30 



I 

all bipolar ECG measurements. The positive electrode was 
placed on the left side at the sixth rib. and t~e reference was 
placed in the right supraclavicular fossa. Amplifiers (model 
7P4: Grass Instrument Co. Quincy. Mass) were used for ECG 
amplification. Respiration was monitored with a piezoelectric 
belt (Resp-EZ; EPM Systems. Midlothian. Va) around the 
chest. A cardiac microphone (model 80; Grass Instrument Co) 

, 	 was used to record the blood pressure wave for calculation of 
pulse transit time (the interval between the peak of the R wave 
and appearance of the pulse wave associated with that same 
cardiac contraction at the index finger on the left hand). In the 
workplace study. the ambulatory ECG was recorded with a 
Holter recording system (model 363; Del Mar Avionics. Irvine. 
Calif). 

Data Analysis 
The HRV waveform is in the form of an R-R interval 

tachogram. The spectral analysis of this signal was obtained 
from the successive discrete series of R-R duration values taken 
from the ECG signal sampled at 256 Hz and transfonned by the 
Fast Fourier technique.' All data from the laboratory study were 
digitized by a BioPac 16-bit digitizer and software system." All 
postanalysis. including Fast Fourier Transforms (FIT), power 
spectral density. and time domain measurements. was done with 
digital signal processing software.u A total of 51 Freeze-Frame 
responses from the Holter tape data were artifact-free and used 
for analysis. 

For the laboratory study HRV data were analyzed for 5 min­
utes before and 5 minutes during practice of the Freeze-Frame 
technique. The time domain traces were analyzed by obtaining the 
overall mean heart rate for both 5-minute periods and calculating 
the standard deviation around that mean. FFTs of the time 
domain data were analyzed by dividing the power spectra into 
three frequency regions: LF (0.01-0.05 Hz). MF (0.05-0.15 Hz) 
and HF (0.15-0.5 Hz). The integral of the total power in each of 
these regions. the total power over all regions (LF+MF+HF). the 
LF/HF ratio. and the MF/(LF+HF) ratio were calculated for each 
sub,iect in the baseline and Freeze-Frame periods. The following 
criteria were used to classity the subjects into two subgroups. 
(Subgroup classification was done onlr for the laboratory 
studies.) 

Entrainment Mode 
A very narrow-band. high-amplitude signal in the MF 

region of the HRV power spectrum. with no other peaks in the 
LF or HF region. and a relatively hannonic signal (sine wavelike). 
in the time domain trace of the HRV data. were used to identity 
the entrainment mode as illustrated in Fi~res 2A and 2B. These 
parameters were used as the criteria to assign sub,iects to the 
entrainment group in this stud~'. We pre\'iously confinned that 
the above criteria used to define the entrainment mode are ade­
quate by also examining the frequency locking between HRV res­
piration and pulse transit time." Figure 3 is a typical example of 
such frequency-locking in the entrainment mode. 

Internal Coherence Mode 
The internal coherence mode is identified by an intentional­

ly produced very low amplitude signal across the entire HRV 
power spectrum compared with the baseline. The final discrimi­
nator of this mode is the ECG amplitude spectrum as shown in 
the bottom panel of Figure 4B. Here. one sees the first seven or 
so harmonics of the fundamental frequency clearly displayed 
with very few intermediate frequencies having a significant ' 
amplitude. Figure 5 illustrates the conscious transition of a sub­
ject from the entrainment to the internal coherence mode. 

Statistical Analysis 
The raw data baseline values to emotional expression values 

were analyzed for Significance by using the Wilcoxon Signed 
Rank Test (T) using the sum of the ranks for positive and nega­
tive differences for each group. Wilcoxon P \'alues were taken 
from the table of critical values for the Wilcoxon Signed Rank 
Test (T). The Wilcoxon T and W values are reported in the 
appropriate tables. 

RESULTS 
Table 1 provides time domain and spectral analysis data for 

the 20 subjects. When the group was analyzed as a whole, there 
was no change in heart rate or heart rate standard deviation dur­
ing the Freeze-Frame period. The power spectral analysis showed 
a significant decrease in the LF/HF ratio and Significant increas­
es in MF power (P<.01). HF power (P<.01) and in the 
MF/(LF+HF) ratio (P<.01). 

Figure 6A shows representative heart rate tachograms of 
the baseline and Freeze-Frame periods for five subjects from the 
laboratory study; Figure 6B shows the corresponding power 
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TABLE 1 Cardiovasrular characteristics for the laboratory study group 

Variable Baseline Baseline DuriDg SDdurlng (W) (1') p 
SD FF FF 

LF 0.057 0.036 0.034 0.022 ·92 59 NS 
MF 0.070 0.033 0.218 0.228 156 27 .01 
HF 0.025 0.014 0.039 0.023 158 26 .01 
Total power 0.152 0.067 0.290 0.254 126 42 .02 
LFIHF 2.905 2.232 1.669 3.404 ·146 32 .01 
MF/(LF+HF) 0.980 0.477 2.818 2.295 174 18 .01 
Heart rate 81.495 1l.278 80.313 10.85 ·84 63 NS 
Heart rate SO 5.213 1.13 6.267 2.56 98 56 NS 

NS. not significant: T, th~ smalltr number obtainl!d from either th~ positive or neglnv~ sum oisignl!d ranks: W, sum ofsignl!d ranks. 

spectrum data. Note the large difference in the ordinate scale for 
subjects 5 and 9 in Figure 6B. Unlike the other three individuals, 
subjects 6 and 8 do not show a clearly defined peak in the MF 
region. These results show the development of two patterns of 
autonomic nervous system activity after the use of the Freeze· 
Frame technique. Based on the criteria described in the back­
ground section, sixteen of the subjects were assigned to an 
entrainment mode subgroup and four to the internal coherence 
mode subgroup for further analysis. The mean heart rate and 
heart rate standard deviation (SD) values for the subgroups are 
presented in Tables 2 and 3 for the baseline and Freeze-Frame 
periods. When analyzed separately, heart rate following the 
Freeze-Frame period did not reach significance in either sub­
group. However, the two subgroups could be distinguished by . 
heart rate SD values. The heart rate SD ofthe entrainment group 
increased significantly (P<.Ol). but in the internal coherence 
group it decreased. Because of the small number of subjects in 
this group. however, meaningful statistics could not be derived. 

Spectral analysis ofthe HRV data for the laboratory subjects 
is also presented in Table 2. The group mean spectral data are 
presented graphically in Figure 7 for both subgroups. The results 
for the entrainment subgroup indicate that during the Freeze­
Frame period HF power increased Significantly (P<.Ol) and total 
power (P<.Ol) more than doubled. In addition. activity in the 
MF region increased significantly during the Freeze-Frame peri­
od. whether expressed as the total power in this region (P<.Ol) 
or as the MF/(LF+HF) ratio (P<.Ol) (Figure 8A). This increase in 
MF activity observed in the entrainment subgroup is clearly 
shown in the average power spectra in Figure 7. The results in 
Table 3 and Figure 8B for the internal coherence subgroup indi­
cate a decrease in the MF frequency band. whether expressed as 
the total power in this region or as the MF/(LF+HF) ratio. A 
clear decrease in LF and total power can be seen in the average 
power spectra shown in Figure 7. 

Through qualitative analysis of the ECG amplitude spectra 
for these four subjects it could be seen that they had only partial­
ly developed the internal coherence mode of heart function. 

Recalling the internal coherence mode on Figure 4B. the first 
seven or so harmonics of the fundamental frequency are clearly 
displayed, with few intermediate frequencies having a significant 
amplitude. If we define this as approximately 100% internal 
coherence mode, then the four subgroup members had only par­
tially expressed this mode because a variety of intermediate fre­
quenCies of significant amplitude appeared in their ECG 
amplitude spectra after the third to fourth harmonic of the fun­
damental frequency (data not shown). 

Figure 9A shows representative heart rate tachogram wave­
forms for the baseline and Freeze-Frame periods from five sub­
jects at the workplace; Figure 9B shows the corresponding power 
spectrum data. In this section of the study, we chose not to sepa­
rate the subjects into subgroups. Mean data of the group is pre­
sented in Figures 10 and II and Table 4. The results from this 
study were similar to those obtained in the laboratory study. 
There was a significant reduction in LF power (P<.Ol) and a sig­
nificant increase in both MF (P<.05) and HF power (P<.Ol). The 
LF/HF ratio was also significantly reduced (P<.Ol) and the 
MFI(LF+HF) ratio was significantly increased (P<.Ol). 

DISCUSSION 
In the last 25 years a variety of techniques have. been intro­

duced as alternatives to traditional psychotherapeutic or phar­
maceutical interventions for mental or emotional imbalances. In 
addition to psychological approaches such as cognitive restruc­
turing and neurolinguistic.programming. psychologists have 
employed several techniques from Eastern cultures to ~still the 
mind" during focused meditation. In yoga. for example. one gen­
erally focuses on the breath or parts of the brain. whereas in 
qigong one focuses on the dan lien point (below the navel). In the 
Freeze-Frame technique used in this study, on the other hand, 
one focuses on the area around the heart. The above techniques 
focus attention on areas of the body that are known to contain 
biological oscillators. The heart. brain. and intestines'l contain 
biological oscillators known as pacemaker cells. By intentionally 
focusing attention on one of these oscillator systems. the subject 
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can alter its rhythms. This is truE' at least for the brain (medita­
tion). yogic breathing (respiration), and the heart (Freeze-

Frame). and is most likely true in the case of the gut (qigong), 
which is also regulated by the autonomic nervous system. The 
body also contains other oscillating systems such as the smooth 
muscles of the vascular system.)l We have previously shown that 
this system. measured by recording pulse transit time. as well as 
the brain (EEG), the heart (HRV), and respiration rate can all 
entrain.); Furthermore. they all synchronize to a frequency vary­
ing around 0.1 Hz (Figure 3). Thus. we can intentionally bring 
these systems. acting as coupled electrical oscillators. in syn­
chrony with each other. 

The Freeze-Frame technique, used in this study, is a self­
management technique by which one focuses on the heart to dis­
engage from moment-to-moment mental and emotional 
reactions. In a previous study of 24 HIV-positive subjects" 
trained to use the Freeze-Frame tE'chnique in a psychological 
intervention program. significant reductions were found in life 
stress. state and trait anxiety levels. and self·assessed physical 
symptoms. In two other studie~ with healthy subjects using the 
Freeze·Frame technique to enhance positive emotional states, 
salivary IgN2 and sympathovagal balance increased.'" Increased 
sympathovagal balance is known to protect against detrimental 
physiological effects associated with overactive sympathetic out­
flow from the brain." 

Sympathovagal balance has also been measured using other 
techniques. For example. individuals can be trained to control 
their heart rate using biofeedback techniques.'" However. the 
enhanced parasympathetiC activity is probably mediated 
through control of respiration. J.II Neutral hypnosis" and operant 
conditioning of heart rate': have been demonstrated to decrease 
the sympathetic/parasympathetic ratio by increasing parasym- , 
pathetic activity independent of controlled breathing tech­
niques. The Freeze-Frame technique does not require ~ 

biofeedback equipment nor conscious control of respiration. 
Our results suggest that emotional experiences playa role in 
determining sympathovagal balance independent of heart rate 
and respiration. The shifts in sympathovagal balance toward 
incrE'ased MF and HF power were physiological manifestations 
of the subject's emotional state of appreciation. The FreE'ze­
Frame technique focuses on experiencing the sincere feeling of 
appreciation or love, in contrast to visualizing or recalling a posi­
tive emotional expE'rience. 

The results of the present study indicate that relatively 
short periods of practice of the Freeze-Frame technique lead to 
either the entrainment or internal coherence mode of heart func­
tion. Most subjects who are able to maintain these states report 
that the intrusion of random thoughts is greatly reduced and 
that the state is accompanied by feelings of deep inner peace and 
heightened intuitive awareness. 

We also observed that positive emotional states. which lead 
to the entrainment mode. generated a marked increase in MF 
power. The choice of the cutoff point between the LF and MF 
regions is not standardized but is set at varying points by different 
investigators. often around 0.08 Hz. We chose aO.OS·Hz cutoff, 
because the parasympathetic system can operate down to. and in 
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TABLE 2 Cardiovascular characteristics for the entrainment subgroup from the laboratory study I 
I 

Variable Baseline BaseliDe During SDduring (W) (T) p I 
I, 

SD FF FF 

LF 0.053 0.032 0.039 0.021 -40 48 NS 
MF 0.071 0.035 0.269 0.228 136 0 <.01 
HF 0.026 0.014 0.039 0.024 100 18 <.01 
Total power 0.149 0.066 0.347 0.253 128 4 <.01 
LF/HF 2.748 2.261 1.937 3.773 86 25 <.05 
MF/(LF+HF) 1.036 0.511 3.456 2.121 136 0 <.01 
Heart rate 80.812 7.935 80.Q38 7.901 ·38 49 NS 
Heart rate SD 5.183 1.050 7.001 2.294 110 13 <.01 
NS. not si8l'ificant: T. the sma1ler nwnbu obtained from either the positiw! or neganW! sum ofsigned ranks; W. sum ofsi~~ 

TABLE 3 Cardiovascular characteristics of the internal coherence 
subgroup from the laboratory study 

Variable BaseliDe Baseline During SDduring 
SD FF FF 

LF 0.077 0.051 0.016 0.012 
MF 0.066 0.025 0.011 0.002 
HF 0.022 0.011 0.035 0.026 
Total power 0.166 0.081 0.062 0.031 
LF/HF 3.532 2.307 0.596 0.558 
MF/(LF+HF} 0.754 0.225 0.265 0.145 
Heart rate 84.227 21.860 81.412 20.779 
Heart rate SD 5.330 1.602 3.333 0.834 

some cases below, this point." If we had chosen a higher fre­
quency. the data could. have been misinterpreted as only ! 

sympathetic activity. Therefore. in order to determine which of 
the autonomic nervous system branches is pumping power into 
the MF region. both respiration and pulse transit time must be 
recorded simultaneously. 

Although mechanisms were not examined. we believe that 
this increase in MF power in the entrainment mode represents 
increased afferent activity ofbaroreceptors. This idea is support­
ed by the work of Robbe et al," who have shown that the MF 
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band reflects baroreceptor reflex sensitivity and is affected by 
physiological states. Baroreceptor activity is known to inhibit 
sympathetic outflow from the brain to peripheral vascular 
beds. ;0-" whereas stress increases sympathetic outflow and 
inhibits baroreflex activity.... The increase in MF power during 
appreciation may have important implications for the control of 
hypertension. because baroreflex sensitivity is reduced in these 
subjects.sw; 

In Figure 9 (from the workplace study) the transition is 
obvious after the Freeze-Frame intervention to either the entrain­
ment mode or near internal coherence mode by means of the 
HRV waveforms and power spectral density data. In addition, 
some of the subjects reported that they were able to use the 
Freeze-Frame technique while they were in a tense conversation 
and starting to react. Even during these conditions. subjects' 
HRV waveforms indicate that they were able to shift to and 

maintain the entrainment state. This conclusion is clearly sup­
ported by the data in Figures 10 and 11. 

From the tachogram data ofFigure 2A it can be seen that, as 
one moves from a state of frustration to one of sincere apprecia­
tion to amplified peace, a transition occurs in the waveforms 
from a noisy wave oflarge amplitude to a harmonic wave form of 
similar amplitude (entrainment) and then to a smaller ampli­
tude wave (internal coherence). In Figure 2B the transition in the 
frequency domain (power spectral density) is from a wide-band 
spectrum of moderate amplitude to a narrow-band spectrum. 
about 0.1 Hz of very large amplitude (entrainment) and then 
to a wide-band spectrum of very small amplitude (internal ! 

coherence). 
In untrained individuals small to near-zero HRV. as just 

described. is an indicator of a potentially pathological condi­
tionU or aging.S2 because it connotes loss offlexibility of the heart 
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Freeze-Frame intervention. B. corresponding HRV power spectra. 

Note the ordinate scale changes. 

to change in rate or decreased flow of information in the auto­
nomic nervous system. However. in trained subjects. it is an indi­
cation of exceptional self-management because their HRV is 
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and MF/(LF+HF) and total power across all frequency bands for the 

workplace study. * P< .05; ... P< .01. 

normally large and the shift into the internal coherence mode is 
a result of their entering the amplified peace state. This state is 
different from a pathological condition underlying lowered HRV 
(in such cases the HRV is always low). The connection between 
emotional states and HRV could account for the occasional 
observation of low HRV in otherwise healthy individuals! This 
observation has detracted from the clinical utility ofHRV analy­
sis for unequivocally predicting disease. 

During the condition ofintemal coherence. the electromag­
netic energy produced by the heart. as seen in the FFT analysis of 
the ReG signal. is a dear example of a coherent electromagnetic 
field. Recent advances in our understanding of the interaction 
between coherent signals and noise in nonlinear systems has 
resulted in the prediction that these nonthermal. coherent elec­
tromagnetic signals may be detected by cells.$1.$, Further evi­
dence suggests that coherent electromagnetic fields may have 
important implications for cellular function. For example. it has 
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FIGURE 11 Mean power spectra before (baseline) and during the FF intervention (ieft) for the workplace study. 

been demonstrated that nonthermal. extremely low frequency 
electromagnetic signals may affect intracellular calcium signal­
ing.60 In addition. coherent electromagnetic fields have been 

! shown to produce substantially greater cellular effects on enzy­
matic pathways. such as ornithine decarboxylase activity. than 
do incoherent signals.;\ This fact suggests that the state of inter­
nal coherence may also affect cellular function and provides a 
potential link between emotional states. autonomic function. 
HR\'. and cellular processes. 

This study demonstrates that conscious focus of attention 
or positive emotions can significantly influence HRV and power 
spectral density. Although we examined only a small number of 
subjects over a short period of time. the results support previous 
work and suggest that psychological interventions that minimize 
negative and enhance positive emotional states could significant­
ly influence cardiovascular function. Larger studies assessing the 
effects of this type of behavioral intervention and employing 
longer assessments ofHRV are now urgently required. 

CONCLUSIONS 
The results of this work demonstrate that sincere feelings of 

appreciation produce a power spectral shift toward MF and HF 
activity and support other studies indicating that: (1) the major 
centers of the body containing biological oscillators can act as 
coupled electrical oscillators. (2) these oscillators can be brought 
into synchronized modes ofoperation through mental and emo­
tional self-control. and (3) the effects on the body of such syn­
chronization are correlated with significant shifts in perception 
and cardiovascular function. It is suggested that positive emo­
tions lead to alterations in sympathovagal balance. which may 
be beneficial in the treatment of hypertension and reduce the 
likelihood ofsudden death in patients with congestive heart fail­
ure and coronary artery disease. 
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TABLE 4 Cardiovascular group characteristics for the workplace study 

Variable Baseline Baseline During SDduring (W) (T) p 

SD FF FF 

LF 0.288 0.296 0.107 0.094 -1004 161 <.01 

MF 0.201 0.162 0.356 0.397 492 417 .05 

HF 0.064 0.065 0.131 0.148 874 226 <.01 

Total power 0.553 0.456 0.594 0.543 116 605 :-;S 
LFIHF 6.895 6.331 1.304 1.038 ·1254 36 <.01 

MF/(LF+HFl 0.721 0.434 1.694 1.956 782 272 <.01 

Heart rate 97.348 12.805 1ll.443 15.803 1174 i6 <.01 

Heart rate SO 7.972 3.485 7.099 3.536 ·462 432 <.05 

~S. nOl sl~nificam. 
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Glossary ofNew Tenninology 
Fast Fourier Transfonn-The specific mathematical transiormation of time domain data into irequent"y domain data, This results in a type 
of histogram that measures the relative amplitudes for the different frequency components (rhvthmic patterns) in the time domain waveform. 
Fast real-time rhythms map into peaks in the high·frequency portion (right side) of the spectrum. whereas slow rhythms appear on the left. or 
low-frequency side. Agiven peak may be caused by a single rhythmic process or a mixture of rh\·thms with similar frequencies, The latter con­
tribute to the height of a peak and increase its width. In the case of heart rate analYSIS, different frequencies (peaks) in the power spectrum are 
caused by cyclic fluctuations in autonomic (sympathetic and parasympathetic) activity. 
Power Spectral Density (PSD)-The power spectrum of a waveform is a plot of the wave amplitude for each component squared. as a func­
tion ofthe frequency of that component. This plot. expressed in units ofenergy per hertz. is the PSD. which is the wave power present in a 
small frequency range. M. as a function of frequency. f. 
Freeze-Fram~-A tool used in the HeartMath system ofself-management that consists of consciously disengaging the mental and emotion­
al reactions to either external or internal events and then shifting the center of attention from the mind and emotions to the physical area 
around the heart while focusing on a positive emotion such as love or appreciation. This tool thus allows the individual to shift from the mind 
to the heart. Such a shift results in a wider and more objective perception while stress is occurring. as opposed to after the event has taken 
place. 
Appreciation-The state in which the subject has clear perception or recognition of the feelings of sincere or active appreciation for someone 
or something. It is this heart-felt feeling that is associated with the HRV changes reported in this article. as contrasted with the mental concept 
of appreciation, which does not appear to produce such HRV changes. 
AmpUfied Peace--Used to distinguish an inner state in which a deeper than normal state of peace and centeredness is felt. One also has a 
sense of standing on the threshold of a new dimension of awareness in this state. with a sense ofinner equilibrium and an awareness that one 
has accessed a new domain ofintuition. As with any experiential state, words do not adequately describe it; also, one enters this state for rela­
tivity short periods. However. with practice at staving focused on the heart. time in this state can be increased. It may be similar to moments at 
the beach or in the forest when one feels an especially deep contact with nature or with oneself that is beyond one's normal experience. In such 
moments one may find answers to life's deeper issues or problems. 
Biological Osdllaton--Cells or groups of cells that produce rhythmic oscillation. When the instantaneous systemic arterial pressure is con· 
tinuously recorded. fluctuations with each heart beat and breath are seen. This rhythmic activity in the autonomic nervous system appears to 
be supported by at least three biological oscillator systems: (1) centrogenic rhythms in brainstem networks with facultative coupling (entrain­
ment) with the respiratory oscillator. (2) the baroreceptor feedback network, and (3) the autorhythmicity of the vascular smooth muscle." The 
fact that each of the oscillators can develop different frequencies and that phase lags between oscillations may vary easily explains the general 
experience that blood pressure waves are variable and unpredictable. The existence ofseveral oscillators with similar basic frequencies enables 
synchronization and entrainment between oscillators, Thus. we can assume that states of regular and steady blood pressure waves are the 
expression of the entrained action of the complex multioscillatory system.J~".'" 
Arterial Pulse Transit Tune-Measure of the speed oftravel ofthe arterial pulse wave from the heart to a peripheral recording site. It is 
used as a nonim'asive method to monitor the elasticity of artery walls and to indicate beat-ta-beat changes in blood pressure. The arterial pres­
sure pulse is a wave of pressure that passes rapidly along the arterial system. The pulse wave velocity (4-5 m/s) is much faster than the velocity 
of blood flow «0.5 m/s). The pulse wave velocity varies directly with pressure-related changes in the elasticity of the arterial .....all.'" The more 
rigid or contracted the arterial wall. the faster the wave velocity, Therefore. it follows that pulse transit time should vary inversely with blood 
pressure. Common estimates ofthe magnitude of this effect indicate that pulse transit time varies by about 1 ms/mm Hg change in pressure.".1 
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