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he mathematic transfonnation of heart rare variabil
ity (HRV) into power spectral density (PSD) is often
used as a noninvasive test of integrated neurocan:liac
function. because it can help distinguish sympathetic
'from parasympathetic regulation of the sinoattial node.!
HRV and PSD analyses have been used to monitor a
variety of pathologic states,/ and to predict mortality
after myocardial infarction2 and congestive bean fail
ure,3 and during coronary angiography4; they have also
been used to determine risk of rejection after cardiac
transplantation. S Recent work has suggested that HRV
and PSD analyses also can be used to characterize a num
ber of psychological illnesses, including major depres
sion and panic disorders,6.7 providing a potential link be
tween emotional states and HRV. In addition, a number
of studies assessing HRV after mental stress and a recent
study looking at hostility have all reported increased
sympathetic and decreased parasympathetic activity. 8
Decreased parasympathetic tone has been re~rted after
acute myocardial infarction,' hypertension,1 and heart
failure. 3 These findings may explain why mental and
emotional stress has been identified as an independent
risk factor in cardiac death after acute myocardial infarc
tion II and may predict the risk of developing hyperten
sion./ 2 This study assesses sympathovagal balance using
PSD analysis of HRV during the emotional states of
appreciation and anger. We have developed a simple
method tenned the "freeze-frame" method13 for consis
tently producing desired shifts in parasympathetic tone
and sympathovagal balance. and have tested it in both
normal persons 14 and subjects with a number of patho
logic states. The technique has been successfully used
in a number of applications to reduce sttess and emo
tional reactivity.

•••
We compared the difference in sympathovagal bal
ance and degree of autonomic activation between a 5
minute baseline period and a 5-minute emotional expres
sion period. Twenty-four healthy men and women (15
women and 9 men, aged 24 to 47 years [mean 39]) volun
teered to participate in this study. All subjects signed in
formed consent forms. Subjects were randomly assigned
into 2 age- and gender-matched groups. Twelve subjects
in 1 group were asked to experience appreciation, and
the other 12, anger. All subjects were previously trained
from 3 to 24 months before this study in the freeze-frame
technique. All subjects were in good general health with
no history of cardiovascular disease and were not cur
rently taking prescription drugs known to affect cardio
vascular function. Subjects were instructed to abstain
From the Institute of HeortMoth, Boulder Creek. California. Mr.
Mc.Craty's address is: Research Division, Instilute of HeartMJth,
14700 West Park. Avenue. Boulder Creek, Califomia 95006. tV'emU"
script received February 16. 1995; revised manuscript received and
accepted August 8, 1995.
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from alcohol. caffeine. and nicotine for 4 hours before
testing. They had no knowledge of the parameters being
measured.. and had received training in the freeze-frame
teChnique to help manage their mental and emotional
responses.
Facilitation of positive emotional stares was accom
plished utilizing the freeze-frame method. Briefty stat
ed, this technique instructs subjects to consciously dis
engage from unpleasant mental and emotional reactions
by shifting attention to the heart.. which most people
associate with positive emotions. and focus on sincerely
feeling appreciation or a similar positive emotion toward
someone in contrast to mentally recalling or visualizing
a past positive experience. Previous experience with this
technique has shown that it is an effective method of
shifting focus of attention away from current stressors.
The conscious shifting of awareness to a positive emo
tional feeling state appears to be a key to the successful
application of this maneuver.
The emotion of anger was self-induced by asking
subjects to recall situations in their lives that still arouse
feelings of anger and/or frustration. This self-recall
method has been shown to effectively induce the em0
tional states of anger and frustration. /4 Subjects were
asked to maintain the desired feelings throughout the 5
minute test period. Five-minute recording periods were
selected because this was the minimal time required to
resolve frequencies down to 0.01 Hz in the HRV power
spectrum and the maximal time that most subjects could
sustain the emotional focus.
Subjects were seated in straight. high-back chairs to
minimize postural cbanges, and fitted with silver/silver
chloride disposable electrocardiographic electrodes. The
positive electrode was located on the left side of the chest
over the sixth rib and the reference was placed in the
right supraclavicular fossa. Electrocardiographic mea
surements were recorded throughout the entire 15
minute rest period, of which the last 5 minutes were used
as the. baseline. Following this, the subjects were asked
to consciously experience appreciation or anger for the
next 5 minutes. Heart rare, short-term HRV, and PSD
measures were calculated from these two 5-minute peri
ods. Four subjects were studied per session. A total of
6 sessions were conducted over a 2-week period, all at
the same time ofday (11 A.M.). Before each session, sub
jects were asked to refrain from talking. falling asleep,
exaggerated body movements, and intentionally altering
their respiration. Subjects were carefully monitored to
ensure there were no significant respiratory or postural
changes during the session.
The short-term HRV signal was in the form of an RR
interval tachogram. PSD was obtained from the analy
sis of successive discrete RR interval series taken from
the electrocardiographic signal, sampled at 256 Hz.
Analyses of HRV, fast-Fourier transforms, PSD (calcuBRIEF REPORTS
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TABlE I Effects of Anger on CartiiOYOSCUIor Variables
Vorioble
IF
MF
HF
LF+MF+HF
LF/HF
MF/(LF + HFI
HR
HR SO

Boseline

0.025
0.01
0.023
0.058
1.312
0.214
68.51
3.37

~
~

~
~
~
~
~
~

0.008
0.004
0.011
0.018
0.573
0.064
9.67
0.63

During
Anger

0.072
0.019
0.025
0.116
3.277
0.212
72.42
5.08

~

~
~
~
~
~
~
~

0.029
0.006
0.012
0.04
1.721
0.09
8.68
1.12

WtIc:o.xon
W

Wilcoxon
T

p Volue

78
76
28
78
78

0
1
25
0
0
35
0
0

<0.01
<0.01
NS
<0.01
<0.01
NS
<0.01
<0.01

-8

78
7&

Change
Scores

I

p Volue

~
~
~
~
~
~
~
~

5.651
4.643
0.625
5.593
4.537
-0.054
1.38
4.992

0.0001
0.0007
0.5446
0.0002
0.0008
0.9582
0.1949
0.0004

0.047
0.009
0.002
0.058
1.956
-0.002
3.917
1.71 0

0.029
0.007
0.013
0.036
1.5
0.11
9.829
I. 187

Valuea me _xpr_sled as mean '" SO unless OIhetwiM noted.
Hf .. higlHrequency power; HR .. bean tallt; If .. I~uency power; Mf .. medium-frequency power.

TABlE U Effects of Appreciation on Cardiovascular Variables
During
Vorioble
LF
MF
HF
LF+MF+HF
IF/HF
MF/(LF + HF)
HR
HR SO

Baseline

0.025
0.023
0.019
0.067
1.588
0.538
73.599
3.391

~
~
~
~
~
~
~
~

0.014
0.016
0.013
0.037
0.633
0.251
9.675
0.836

Values ate expressed as mean '" SO
Abbreviations o. in Table I.

AppredaIlon

0.052
0.173
0.031
0.256
2.024
2.636
73.867
5.968

~
~
~
~
~
~
~
~

0.044
0.169
0.025
0.203
1.075
3.244
9.283
2.189

Wilcoxon
W

Wilcoxon
T

P Volue

66
78
56
78
26
78
0
78

6
0

<0.01
<0.01
<0.05
<0.01

11

0
26
0
39
0

NS
<0.01

NS
<0.01

Change
Scores

0.027
0.150
0.012
0.189
0.436
2.097
0.268
2.577

~
~
~
~
%
%
%

~

0.03
0.166
0.02
0.19
1.24
3.179
10.414
2.18

I

p Volue

3.098
3.141
2.011
3.434
1.219
2.285
0.089
4.095

0.0101
0.0094
0.0695
0.0056
0.2482
0.0431
0.9305
0.0018

uN. . OiherwiM noted.

lated as [beatslmin]2IHz), and time-domain measure
ments were perfonned using OADiSP/32 digital signal
processing software (DSP Development Corporation,
Cambridge, Massachusetts). As described by other in
vestigators. IS we divided the power spectrum into 3 ma
jor frequency ranges (low frequency [LF], medium fre
quency [MF]. and high frequency [HF]). The integral of
the power spectrum within each region was calculated.
The LF region (0.01 to 0.08 Hz) is ~ly considered
a measure of sympathetic activityl with a minor para
sympathetic component IS In contrast, the HF region (0.15
to 0.5 Hz) is associated with respiratory sinus anhyth
mia and is almost exclusively due to parasympathetic
activity. IS The LFIHF ratio has been used as a measure
of sympathovagal balance. J The MF region (0.08 to 0.15
Hz) has been used as an indirect indicator of activity in
the baroreceptor feedback loop controUing blood pres
sure.16 Power in the MF region is thought to be mixed
sympathetic and parasympathetic activity, but predomi
nandy the latter. IS In addition, total (sympathetic and para
sympathetic) power (LF + MF + HF) and the MF/(LF
+ HF) ratio were cSlculated. The latter ratio was calcu
lated to provide a measure of the MF power relative to
the LF and HF regions because our experience has
shown this area to be highly responsive to changing emo
tional states.
The Mann-Whitney rank-sum test was used to com
pare baseline values between the 2 groups for all vari
ables and for comparison between anger and apprecia
tion. Comparison of unadjusted baseline data with those
during emotional expression within the 2 groups was also
performed using the Wilcoxon signed rank-sum test uti
lizing the sum of the ranks for positive and negative dif
1090 THE Alv\ERICAN JOURNAL Of CARDIOLOGY-
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ferences for each group. Wilcoxon p values were taken
from the table of critical values for the Wilcoxon signed
rank test. Because there was a significant intergroup dif
ference in baseline variables (MF and MFI[LF + HF]
ratio). data were also analyzed after adjustment for base
line differences. Regressed change scores were calculat
ed and analyzed for significance using 2-tailed t tests for
unequal variance against a value of zero.

•••
Comparison of the time-domain traces revealed that
most subjects developed a rhythmic sine wave-like pat
tern during appreciation compared with anger or base
line. Raw data values for change in heart rate and heart
rate SO for each 5-minute period are presented in Table
I (n :: 12). The results from both t tests and the Wilcox
on tests were the same except where noted. Heart rate
SO significandy increased during both anger (p <0.01)
and appreciation (p <0.01). Heart rate. on the other hand.
was unchanged during appreciation and increased dur
ing anger (p <0.01). However, the increase in heart rate
in the anger group was not significant using baseline
adjusted scores. Means and SOs of baseline-adjusted
scores for each variable are presented in Tables I and n.
Figures I and 2 show the graphic representations. Re
sults show that both emotions caused an overall auto
nomic activation as demonstrated by an increase in total
autonomic activity (LF + MF + HF) and in mean heart
rate SO. Thus, total autonomic activity increased signif
icantly during anger (p <0.01) and during appreciation
(p <0.01). However, the 2 emotional states produced dif
ferent effects on sympathovagal balance. Anger result
ed in a significant increase in LF power (p <0.01) with
no change in HF power. In contrast. appreciation proNOVEMBER 15. 1995
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during anger. When comparing anger with appreciation,
the LF power was significantly greater during anger (p
0.032), whereas the MF power was greater during
appreciation (p «)'oOOI). The LFIHF ratio was signifi
cantly greater during anger (p = 0.037), whereas the
MF/(LF + HF) ratio was significantly greater during
appreciation (p <0.0001).

=

•••
There is now a substantial body of evidence indicat
ing the impact of sympathovagal balance on morbidityl
mortality for cardi,?vascular disease.2.3 The detrimental ef
fects of mental and emotional stress on cardiovascular
function in humans have also been well documented. U.12.17
However. with the exception of 2 studies investigating
the effects of joy and happiness. we are unaware of any
studies examining the effects of positive emotions on car
diovascular function. Similarly, there is a paucity of data
on the effects of positive and negative emotions on time
domain HRV or PSD analysis.
In this study. both anger and appreciation caused an
overall increase in autonomic activation measured as the
power in all frequencies of the HRV power spectrum and
shott-term HRV measured by bean rate SD. The 2 emo
tional states. however. could be distinguished by power
spectral analysis. Although both emotional states pr0
duced an increase in sympathetic activity, in the case of
anger, sympathetic activation was responsible for the sig
nificant increase in the LFIHF ratio. These results extend
previous studies by demonstrating that, similar to men
tal stress, feelings of anger produce a sympathetically
dominated power spectrum. The use of the freeze-frame
technique to enhance feelings of appreciation. on the oth
er hand. enabled subjects to shift their sympathovagal
balance in the opposite direction toward increased MF
and HF predominance. Previous experience with sub
jects untrained in the freeze-frame technique has shown
that simply experiencing feelings of anger produces
increased sympathetic activity. whereas experiencing
appreciation normally only increases total autonomic
power. 14.18 The freeze-frame technique is required to pro
duce the changes in HRV and PSD analysis seen in this
study.
A recent study by Sloan et al 19 suggests that mental
stress increases LF activity and decreases MF and HF
activity. Similarly, anger expressed by type A personal
ities produces an increase in sympathetic activity and
elevated neuroendocrine responses.20 In keeping with
these data. we also found that self-recalled anger caused
sympathetic activation, as indicated by increased LF
power and an increased LFIHF ratio. In this study, we
observed an increase in MF power during emotional
states. In contrast to anger, this increase was seen dur
ing appreciation whether expressed as a percentage of
total power or as the MF/(LF + HF) ratio. Although our
data do not examine mechanisms, there is evidence that
this increase in MF power during appreciation reflects
increased baroreceptor-afferent activity.21 Baroreceptor
activity is known to inhibit sympathetic efferent outfiow
to peripheral vascular beds, whereas stress increases
sympathetic outfiow, inhibiting baroretlex activity. All 12
subjects in the appreciation group had an increase in the
MF region of their power spectra. which is clearly dis
1092
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played in the average power spectra illustrated in Figure
2. It is possible that this increase in MF power may have
imponant implications in the control of hypertension.
since baroreflex sensitivity is reduced in many hyper
tensive persons. 22 This view is supponed by anecdotal
evidence from our laboratory, where we have observed
dramatic reductions in blood pressure in hypertensive
patients after they have learned to shift their attention to
the hean and engage positive emotional states. The
reduction in blood pressure observed is usually accom
panied by an increase in MF power. A large scale clin
ical study is now being designed to test this hypothesis.
Various psychological interventions have been shown
to reduce sympathetic drive and/or increase vagal activ
ity. For example, subjects can be trained to consciously
control their hean rate using biofeedback techniques.
However, this is probably mediated by controlling res
piratory rate, thereby increasing vagal activity. More
recently, it was demonstrated that neutral hypnosis23 or
operant conditioning of the hean rate24 can produce a
decrease in the LFIHF ratio that is independent of con
trolled breathing techniques.
Our results suggest that emotional experiences play
a role in determining sympathovagal balance indepen
dent of heart rate and respiration. The shifts in sympa
thovagal balance toward increased MF and HF power
were physiologic manifestations of experiencing the
emotional state of appreciation. This study, we believe,
is the first to demonstrate that positive emotions can sig
nificantly intluence HRV and PSD. Although we only
examined a few patients over a shott period of time,
results suppott previous work and suggest that psycho
logical interventions that minimize negative reactions,
such as anger, hostility. and anxiety, and enhance posi
tive emotional states, such as appreciation, could signif
icantly impact cardiovascular function. Larger studies
assessing the effects of this type of behavioral interven
tion and examining serial assessments of HRV and out
comes are necessary to determine the clinical utility of
this type of intervention.
In summary, this work extends previous tind.iDgs
by demoostratiog that anger produces a sympathet
ically dominated power spedrum, whereas appreci
ation produces a power spectral shift toward MF and
HF activity. Results suggest that positive emotions
lead to alterations in HRV, which may be benelcial
in the· treatment of hypertension and in reducing the
likelihood of sudden death in patients with conges
tive heart failure and coronary artery dRase.
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Althc ugh power spectral density (PS») il'laJrsis ·)f heart rate variability has been
used to study cardiac sympathovagal wg :llation during stress, little is known
abou' its regulation during emotional states. \Ve studied the effects of self
induced anger and appreciati0l1 in 24 normotensive individuals using PSD
analysis of heart rate variability (HRV) ..KR intervals obtained from
electrocardiogram (EeG) recordings were analyzed and divided into three
regio:ls: low frequency, LF CO.01-0.08Hz, predo111inantly sympathetic activity),
mid-jrequency, MF CO.08-0.1SH;;) and high fi'equency, HF CO.1S-05Hz,
paraEympathetic activity). Mea5urement~'N(:re taken for a five minute baseline
perio.:i followed by a five minut? periud . ,j Emotional expression. Appreciation
causEd a similar magnitude of autonunti, .1,::thattC'll 1:; anger, however, the
distri :mtion of power was signiJicanth d ff.3~('nt. Anger produced an increase in
symr athetic activity and in the ~F /HF r.: !jD ]11 (,)nt1'ast, appreciation increased
para~ ympathetic activity along vith d l11.,;t ,nlrea:>., ill MF power. The results
exter j the findings of previow. ;ttldi. ~ h d :'ll1pll~traling that, like mental stress,
ange produces a sympathetkaly dOllll11 ~.i 1'(' \ ... , spectrum, while
appr( dation produces a po",..e] ;plc'd:,1 . 'Iif t,·\\ a: d rarasvmpathetic activity.
The r:3sults suggest that POSitiVf emOII"]1 I':;I.! tlllJlerations in HRV \"'hich may
redw e the likelihood of sudden dpath III : ,1 if 'nl" '\'itll congestive heart failure
and ( Jronary artery disease.
I.

KEY NORDS: Electrocardiogram, Herllt
Emotonal States.
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The Effects of Emotions on Short-Term Power
Spectrum Analysis of Heart Rate Variability
Rollin McCraty, Mike Atkinson, William Tiller, Glen
Rein, and Alan D. Watkins

This study utilizes heart rate variability analysis to

examine a new method of intentionally shifting emo
tional states, and demonstrates that positive emotions
lead to alterations in sympathovagal balance that may
be beneficial in the treatment of hypertension. Anger,
on the other hand, was shown to significantly increase
sympathetic activation.

