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ABSTRACT

Background: Recent research suggests that the Mindful-
ness-Based Stress Reduction program has positive effects on
health, but little is known about the immediate physiological ef-
fects of different components of the program. Purpose: To exam-
ine the short-term autonomic and cardiovascular effects of one
of the techniques employed in mindfulness meditation training,
a basic body scan meditation. Methods: In Study 1, 32 healthy
young adults (23 women, 9 men) were assigned randomly to ei-
ther a meditation, progressive muscular relaxation or wait-list
control group. Each participated in two laboratory sessions 4
weeks apart in which they practiced their assigned technique. In
Study 2, using a within-subjects design, 30 healthy young adults
(15 women, 15 men) participated in two laboratory sessions in
which they practiced meditation or listened to an audiotape of a
popular novel in counterbalanced order. Heart rate, cardiac re-
spiratory sinus arrhythmia (RSA), and blood pressure were
measured in both studies. Additional measures derived from im-
pedance cardiography were obtained in Study 2. Results: In
both studies, participants displayed significantly greater in-
creases in RSA while meditating than while engaging in other
relaxing activities. A significant decrease in cardiac pre-ejec-
tion period was observed while participants meditated in Study
2. This suggests that simultaneous increases in cardiac para-
sympathetic and sympathetic activity may explain the lack of an
effect on heart rate. Female participants in Study 2 exhibited a
significantly larger decrease in diastolic blood pressure during
meditation than the novel, whereas men had greater increases in
cardiac output during meditation compared to the novel. Con-
clusions: The results indicate both similarities and differences
in the physiological responses to body scan meditation and
other relaxing activities.

(Ann Behav Med 2006, 32(3):227–234)

INTRODUCTION

In recent years, the Mindfulness-Based Stress Reduction
(MBSR) program has become a popular clinical stress reduc-
tion technique (1). It has been used widely in the treatment of
medical problems such as chronic pain and cancer as well as
psychiatric problems such as anxiety, depression, and panic

(2,3) and is finding increasing use in other areas such as
cardiovascular disease. That said, the research to date has em-
phasized clinical trials of the effectiveness of MBSR with di-
verse medical conditions, as opposed to research on its physio-
logical effects. One important question that has not been studied
in detail is whether the physiological effects of this program are
any larger or different compared to those of other popular re-
laxation and stress reduction techniques (4–6). Although the
clinical value of MBSR does not hinge on this issue—the
specific practices and underlying emphasis on patience, being
nonjudgmental, and accepting (1) appeal to many people and
may encourage continuation of the program—it is interesting
and potentially important to examine the physiological effects
of different aspects of MBSR. For example, although there are
many similarities in the physiological effects of various forms of
meditation, differences have also been observed (e.g., 7). These
differences may suggest that some techniques are better suited
to certain clinical populations than others. Studies of the physio-
logical effects of different aspects of the MBSR program may
also indicate beneficial or less useful components. The study
presented here focuses on the short-term effects of an MBSR
body scan meditation.

Overall, there is an extensive literature examining the phys-
iological effects of different forms of meditation. The effects of
Transcendental Meditation (TM) have been most heavily stud-
ied (8–17), but other meditative techniques derived from various
Asian traditions have been investigated, as well as the physio-
logical correlates of prayer (7,18–25). Lehrer, Sasaki, and Saito
(19) observed a significant decrease in respiration rate and a sig-
nificant increase in heart rate variability associated with respira-
tion (respiratory sinus arrhythmia, or RSA), as well as a general
increase in heart rate variability, among Rinzai and Soto Zen
practitioners while they were meditating. Rinzai practitioners
breathed more slowly before and during meditation. Bernardi et
al. (18) observed similar changes in mantra-based yoga and ro-
sary prayer and an increase in baroreflex sensitivity during these
activities. Given the importance of parasympathetic activity (in-
dexed by RSA) an increase in blood-pressure-buffering baro-
reflex activity might be expected. Peng et al. (7) observed both
similarities and differences in the physiological effects of three
forms of meditation, two of which involved specific manipula-
tions of breathing patterns. The one that did not specifically at-
tempt to alter respiration still produced a significant decrease in
respiration rate, an increase in RSA, and a decrease in the fre-
quency within the heart rate variability spectrum where RSA
was observed. Perhaps most interesting, the authors argue that
the pattern of heart rate variability results support the idea medi-
tation involves active, arousal-promoting processes as well as
relaxing processes (23,26).
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In this article we describe two studies that examined the
short-term autonomic and cardiovascular effects of one tech-
nique commonly used in Mindfulness Meditation training, body
scan meditation. The focus was on (a) whether body scan medi-
tation produces any reliable physiological changes, (b) whether
these changes are any different from those produced by a com-
parable period of just sitting quietly, and (c) whether these
changes are any different from those produced by other relaxing
activities such as progressive muscular relaxation or listening to
a story. Although Study 1 examined the effects of body scan
meditation over 1 month, the possible impact of meditation on
physiological activity when one is not meditating was not stud-
ied in depth. That is, this research should not be viewed as a ran-
domized controlled trial. Further, it is important to emphasize
that only one small part of the MBSR program that was easy to
operationalize was studied in our research. On the other hand, a
number of results concerning the physiological correlates of
body scan meditation are presented.

STUDY 1

Method

Participants. Thirty-two healthy young adults who were
interested in learning stress reduction techniques were ran-
domly assigned to either a body scan meditation group (BSM; n
= 10; 7 women, 3 men), a progressive muscular relaxation group
(PMR; n = 10; 7 women, 3 men), or a wait-list control group
that just sat quietly during the sessions (SIT; n = 12; 9 women, 3
men). There were no significant differences between groups in
age (M = 21.6 ± 2.2 years). None of the participants had previ-
ously tried or practiced meditation. In addition to receiving
training in stress reduction techniques (those assigned the PMR
and SIT groups were offered training in meditation after the
study), participants were reimbursed $10 for each laboratory
session. They were asked to refrain from exercising and caffeine
for 2 hr before the session.

Apparatus. Repeated measurements of blood pressure (in
mmHg) were obtained using a Critikon 845XT Dinamap moni-
tor (GE Healthcare, Tampa, FL). The blood pressure cuff was
placed on the participant’s nondominant arm. Heart rate (in
beats per minute [bpm]) and heart rate variability (in log units)
were assessed using electrodes attached to opposite sides of the
chest, a Grass polygraph, and a Delta-Biometrics Vagal Tone
Monitor-II (VTM-II; Delta Biometrics, Bethesda, MD). The
vagal tone monitor quantifies RSA using a moving polynomial
filter to assess beat-to-beat heart rate variability in the adult re-
spiratory frequency band of .12 to .40 Hz. The moving polyno-
mial reduces the impact of nonstationarity on the signal by act-
ing as a high-pass filter before quantifying RSA. Details of the
procedure can be found in Porges and Bohrer (27). Respiratory
sinus arrhythmia is a widely used indicator of parasympathetic
nervous system activity directed at the heart, that is, vagal tone.
Respiration-related variation in heart rate is largely attributable
to respiratory modulation of outflow of the vagus nerve (28).

Participants who practiced mindfulness meditation listened
to the first portion of the first audiotape in the series used by pa-

tients in the Mindfulness-Based Stress Reduction Clinic at the
Center for Mindfulness, University of Massachusetts (www.
mindfulnesstapes.com). The tape is a guided body scan. Lis-
teners are asked to attend to various parts of their body and their
breathing, gently observing these areas and allowing other
thoughts to recede. In contrast, participants who practiced pro-
gressive muscular relaxation listened to instructions included
with Bernstein and Borkovec’s manual (29). This classic relax-
ation technique involves tensing and relaxing of different mus-
cle groups.

Procedure. Individuals participated in two identical labo-
ratory sessions scheduled at the same time of day 4 weeks apart.
After attachment of the physiological recording apparatus, they
were asked to sit quietly in a comfortable chair for 15 min The
experimenter was in a separate room, and the lights were
dimmed. Afterward, the BSM group listened to the meditation
tape, and the PMR group listened to the PMR tape for 20 min
and practiced the techniques. The SIT group was asked to sit
quietly for an equal period of time. After 20 min, members of all
groups were asked to stop what they were doing, stand up, and
stand quietly for 5 min Afterward, they were asked to bend their
knees and squat for 3 min These postural changes influence ve-
nous return to the heart and baroreflex stimulation and, as a re-
sult, can provide a rough estimate of baroreflex sensitivity
(30,31).

In the 1-month interval between sessions, participants in
the meditation group were given some readings (e.g., sections
from Full Catastrophe Living [1]), asked to practice the tech-
niques daily, and asked to attend two group practice/discussion
sessions. They were also asked to record their home practice in a
daily log. Participants in the PMR group were asked to practice
muscle relaxation daily, attend two group practice/discussion
sections, and record their practice.

Data analysis. For each session, four means were calcu-
lated for each individual’s systolic and diastolic blood pressure,
heart rate, and RSA measures: baseline (mean for the first 15
min of sitting quietly), treatment (mean for the 20 min they were
practicing BSM, PMR, or just sitting), standing, and squatting.
To examine the short- and long-term effects of meditation and
progressive muscular relaxation, 3 Group (BSM, PMR, SIT) × 2
Time (baseline vs. treatment) × 2 Session (Session 1 vs. Session
2) analyses of variance (ANOVAs) were conducted. The effects
of the treatment conditions on response to the postural changes
were examined using change scores calculated by subtracting the
treatment value from the standing and squatting values. These
change scores were then analyzed using 3 Group (BSM, PMR,
SIT) × 2 Posture (standing vs. squatting) × 2 Session ANOVAs.

Results

Responses to relaxation. The 3 Group × 2 Time × 2 Ses-
sion ANOVAs of systolic and diastolic blood pressure values
produced no significant effects. There were no group differ-
ences in baseline blood pressure. None of the interventions—
meditation, progressive muscular relaxation, or just sitting—re-
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duced blood pressure either immediately or over the 1-month
period. The only significant effect in the ANOVA of heart rate
values was a significant effect of Time, F(1, 29) = 14.28, p <
.001. Heart rate decreased significantly during the 20-min treat-
ment/sitting periods in Session 1 (M = –1.8 bpm) and Session 2
(M = –2.2 bpm), but the magnitude of change did not vary by
group or session.

In contrast, the ANOVA of RSA values produced signifi-
cant Group × Time, F(2, 29) = 4.77, p = .016, and Session ×
Time, F(1, 29) = 10.05, p = .004, interactions. Although there
were no group differences in baseline RSA, planned compari-
sons revealed that individuals who practiced mindfulness medi-
tation displayed significantly larger baseline to treatment in-
creases in RSA than participants in both the sitting quietly and
progressive muscular relaxation conditions in both sessions
(Figure 1). The effect did not require extensive practice, that is,
it appeared in Session 1 although the results also indicate that
BSM produced larger increases in RSA during Session 2, t(9) =
2.53, p = .032. Similarly, people who practiced PMR, who did
not increase RSA during Session 1, exhibited a significant in-
crease in RSA during Session 2, a significantly greater increase
than in Session 1, t(9) = 4.48, p = .002.

Responses to postural change. Although the ANOVAs re-
vealed expected effects of the postural changes on physiologi-
cal change scores (e.g., increased heart rate and decreased RSA
upon standing and decreased heart rate and increased RSA upon
squatting), none produced any significant effects involving
treatment group. The heart rate ANOVA produced an interesting
Session × Posture interaction effect, F(1, 27) = 8.06, p = .009.
This was due to generally greater heart rate responses to the pos-
tural changes during the apparently more relaxing Session 2.
That is, heart rate increased more upon standing (M = 16.3 vs.
13.6 bpm) and decreased more upon squatting (M = –12.2 vs.
–5.2 bpm) during Session 2.

STUDY 2

In Study 1, respiratory sinus arrhythmia increased signifi-
cantly during the practice of a mindfulness meditation exercise,

more than during comparable periods of sitting quietly and
progressive muscular relaxation. Thus, body scan meditation
appears to have enhanced an important aspect of parasympa-
thetic nervous system activity more than just sitting quietly and
even another popular relaxation procedure. On the other hand,
the differences between groups in this study were not wide-
spread. This may have been related to the between-subjects de-
sign as well as the modest sample size. As a result, a second
study was conducted in which participants served as their own
controls. A wider array of autonomic and cardiovascular vari-
ables were also assessed via impedance cardiography, and a
more balanced group of men and women was recruited.

Method

Participants. Thirty healthy young adults participated in
two laboratory sessions at the same time of day. Fifteen (8
women, 7 men) practiced mindfulness meditation during the
first session and listened to a control audiotape during the sec-
ond session, whereas 15 (7 women, 8 men) sat and listened qui-
etly to the control audiotape during the first session and prac-
ticed meditation during the second. The two groups were
comparable in age (M = 19.2 ± 2.1 years). None of the partici-
pants had previously tried or practiced meditation. In addition to
receiving training in mindfulness meditation, participants were
reimbursed $10 for each laboratory session. They were asked to
refrain from exercising and caffeine for 2 hr before the session.

Apparatus. Repeated measurements of blood pressure
were obtained using a Critikon 845XT Dinamap monitor. The
blood pressure cuff was placed on the participant’s nondominant
arm. Additional autonomic and cardiovascular measures were
obtained using an Ambulatory Impedance Monitor (AIM-8F;
Bio-Impedance Technology, Chapel Hill, NC). To assess
changes in cardiac stroke volume, the AIM uses a tetrapolar
combination of spot and band electrodes. One spot current elec-
trode is placed behind the right ear over the base of the mastoid
process. The other spot current electrode is placed over the
lower right rib cage below the lower recording band electrode,
which encircles the thorax over the tip of the xiphoid process.
The other recording band electrode encircles the base of the
neck. A third spot electrode is placed over the lower left rib
cage. This electrode, along with the two other spot electrodes is
used to obtain the ECG signal for the AIM. Cardiac output (CO,
in l/min) was calculated as stroke volume × heart rate and total
peripheral resistance (TPR, in dyne-sec/cm5) was calculated as
(mean arterial blood pressure / CO) × 80. Impedance-based
measures were based on values that were ensemble averaged
over 55-sec intervals. Post hoc editing was done using the
COPWORKS program.

The AIM also measures cardiac pre-ejection period (PEP).
PEP is the cardiac time interval during which the left ventricle
contracts while the aortic and mitral valves are closed, measured
by the time between ventricular depolarization in the ECG and
the upswing in the impedance signal, indicating release of blood
into the aorta. PEP is a particularly informative measure as it re-
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FIGURE 1 Respiratory sinus arrhythmia changes during Study 1
sessions.



flects cardiac contractility and is perhaps the best noninvasive
measure of cardiac sympathetic activity (32–35).

During the meditation sessions, virtually identical to those
of Study 1, participants listened to the same 20-min segment of
meditation instructions. On the other hand, in contrast to the
PMR tape used in Study 1, the control audiotape used in Study 2
did not ask participants to practice any form of relaxation.
Rather, we were interested in comparing the effects of medita-
tion to those of an activity that was similar in many respects but
did not require any form of active participation. Because medi-
tation involved listening to an audiotape of a person speaking in
a pleasant, friendly voice, it was decided to have participants lis-
ten to a segment of a pleasant audio novel during the control ses-
sion. As a result, participants listened to the first 20 min of a
commercially available tape of J.K. Rowling’s Harry Potter and
the Sorcerer’s Stone (36). This section sets the stage for the story
and holds the listener’s attention but is not one of the more excit-
ing portions.

Procedure. Each individual participated in two laboratory
sessions scheduled at the same time of day within 1 week. After
attachment of the physiological recording apparatus, they were
asked to sit quietly in a comfortable chair for 10 min. The exper-
imenter was in a separate room, and the lights were dimmed. Af-
terward, people listened to either the Harry Potter (HP) tape or
the meditation tape, following instructions. After 20 min of pas-
sive listening or practicing meditation, the participants were
asked to stop what they were doing and to stand quietly for 3
min. (The standing data in Study 2 were generally uninforma-
tive and are not presented.)

Data analysis. For each session, a baseline value was cal-
culated for each dependent measure by averaging values ob-
tained during the second 5 min of the initial 10-min rest period.
To examine possible changes in the dependent measures across
time somewhat more carefully than in Study 1, four additional
values for each measure were calculated reflecting the average
values for each 5-min interval during the meditation/listening
period.

Several dependent measures were calculated off-line using
sequential interbeat intervals measured by the AIM. For consis-
tency with the results from Study 1, estimates of RSA were cal-
culated in the same manner using the VTM-II and averaged as
noted earlier. In addition to these values of high-frequency (.12
to .40 Hz) heart rate variability, estimates of low-frequency (.06
to .10 Hz) heart rate variability were also obtained using the
VTM-II. Low-frequency heart rate variability is often used as an
index of cardiac sympathetic activity. That said, the autonomic
origins of low-frequency heart rate variability are more ambigu-
ous, including both sympathetic and parasympathetic activity
(37,38), than high-frequency heart rate variability, which is a
relatively pure index of cardiac parasympathetic activity.

The heart rate variability data were also used to assess res-
piration rate. Although direct measures of respiration were not
obtained, respiration rate can be assessed using the heart rate
variability spectrum (39). Because, by definition, breathing in

and out produces variations in heart rate (RSA), the central fre-
quency associated with heart rate variability in the respiratory
range reflects the frequency of the phenomenon—respiration—
which creates this variability. To identify these frequencies, sep-
arate spectral analyses of heart rate variability data within each
of the ten 5-min blocks in the study (the 5-min baseline and four
5-min meditation/listening blocks on each day) were conducted
with the widely used algorithms recommended by the Task
Force of the European Society of Cardiology and the North
American Society of Pacing Electrophysiology (40).

Finally, respiration rates obtained during these periods
were used for additional analyses of RSA data. A number of re-
searchers have noted that the magnitude of RSA is influenced by
not only outgoing vagal activity but variables such as respiratory
frequency, depth, and stimulation of oxygen- and carbon-diox-
ide-sensitive chemoreceptors (28,41,42). In fact, under some
conditions the association between RSA and vagal activity can
be significantly reduced or entirely obscured (42). Although this
occurs to a greater degree under experimental (e.g., exercise) or
participant (e.g., hyperventilation) conditions that accentuate
changes in these other variables and some investigators have
argued that RSA is a good index of vagal activity under most
non-stressful conditions (28), the possibility of respiratory
changes during meditation suggested an additional analysis of
RSA controlling for respiration rate. Following Grossman and
Taylor’s (41) recommendation that RSA should be corrected for
respiration on an idiographic basis, a regression equation for
each participant was calculated predicting their RSA values in
the ten 5-min blocks from their respiration rates. Respira-
tion-corrected residual RSA scores were then analyzed similar
to the other variables.

The effects of meditation and listening were assessed using
a series of 2 Session (BSM vs. HP) × 4 Time (5-min block) × 2
Gender ANOVAs of change scores calculated by subtracting the
baseline value from the meditation/listening values. The crite-
rion for statistical significance was p < .05. Greenhouse-Geisser
corrected degrees of freedom were used in repeated measures
ANOVAs.

Results

There were no significant effects in the ANOVAs of systolic
blood pressure and total peripheral resistance, although systolic
blood pressure decreased significantly in the 20-min test periods
relative to baseline (M = 2.2 mmHg), t(29) = 3.31, p = .002. The
only significant effect in the heart rate ANOVA was a main ef-
fect of Time, F(3, 84) = 41.15, p < .001, indicating continuing
heart rate deceleration while people continued to sit quietly
meditating or listening to HP. In contrast, as in Study 1, the
high-frequency heart rate variability (RSA) ANOVA produced a
significant main effect of Session, F(1, 26) = 11.42, p = .002.
Participants displayed greater increases in RSA while they were
meditating than listening to HP (Figure 2).

Similarly, the ANOVA of respiration rate produced a signif-
icant main effect of Session, F(1, 27) = 9.92, p = .004, although
in the opposite direction. There was no change in respiration
rate as participants sat quietly and listened to HP. However, the
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rate decreased significantly during meditation, from a mean of
.283 Hz (17.0 breaths/min) during the baseline period to .258 Hz
(15.5 breaths/min) during meditation. On the other hand, the
ANOVA of the respiration-corrected RSA values indicates that
the increases in RSA during meditation cannot be explained en-
tirely by slowed respiration. The ANOVA of respiration-cor-
rected RSA values also produced a significant main effect of
Session, F(1, 24) = 4.38, p = .047, suggesting more vagal activ-
ity (higher respiration-corrected RSA) during meditation.

In addition to more high-frequency heart rate variability
during meditation, the ANOVA of low-frequency heart rate vari-
ability produced a significant main effect of Session, F(1, 26) =
8.28, p = .008. Participants had greater increases in low-fre-
quency heart rate variability while they were meditating. Inter-
estingly, the PEP also produced a significant main effect of Ses-
sion, F(1, 28) = 6.66, p = .015, but in the opposite direction
(Figure 2). That is, participants displayed greater decreases in
PEP while they were meditating than listening to HP.

Finally, results from the ANOVAs of diastolic blood pres-
sure and cardiac output change scores suggest that some of the
effects of meditation may be gender specific. The diastolic
blood pressure ANOVA produced a significant Gender × Ses-
sion interaction, F(1, 28) = 6.87, p = .014. This was due to sig-
nificantly greater decreases in diastolic blood pressure among
women when they practiced meditation as compared to listening
to HP (Figure 3). The ANOVA of cardiac output change scores
also produced a significant Gender × Session × Time interac-
tion, F(3, 78) = 4.37, p = .015. Separate analyses of data from men
and women revealed no significant effects among women. How-
ever, men displayed a significant increase in CO during the last 5
min of meditation compared to decreased values while listening
to HP. An identical pattern of results was obtained in analyses of
cardiac output change scores expressed as a percentage premedi-
tation/listening baseline values, which are displayed in Figure 4
for easier comparison with previous results (13,17).

DISCUSSION

These results indicate that a number of physiological
changes occur during the practice of body scan meditation. In
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FIGURE 2 Study 2: Respiratory sinus arrhythmia and pre-ejection period changes during Harry Potter (HP) and meditation (MED).

FIGURE 3 Study 2: Diastolic blood pressure changes during Harry
Potter (HP) and meditation (MED).

FIGURE 4 Study 2: Cardiac output changes in men during Harry
Potter (HP) and meditation (MED).



some cases (e.g., heart rate), the changes were no larger than
those produced by other relaxing activities, although significant
decreases in these measures were observed. However, the over-
all pattern of physiological activity produced by this form of
meditation is consistent with other forms of meditation, and at
least somewhat distinct from the patterns produced by other
forms of relaxation.

Consistent with the results of several studies examining
changes in heart rate variability associated with meditation
(7,18,19,24,25), large (at least in relation to the other interven-
tions) and reliable increases in cardiac respiratory sinus arrhyth-
mia were observed. Participants who practiced meditation in
Study 1 displayed significantly greater increases in RSA in Ses-
sion 1 compared to those who sat quietly and those who prac-
ticed the classic relaxation technique of progressive muscular
relaxation. The effect was replicated in Study 2. Although addi-
tional training and practice in meditation between the first and
second sessions of Study 1 were modest, participants displayed
significantly greater increases in RSA after 1 month. This ap-
pears to have been related to practicing meditation or relaxation.
Participants in the PMR group also showed greater increases in
RSA in Session 2 than Session 1, although not as large as those
in the BSM group. These differences cannot be attributed to par-
ticipants feeling more at ease during Session 2 than Session 1
because the no-treatment control participants did not show
greater increases in RSA during Session 2. These results suggest
that meditation might be particularly beneficial vis-à-vis pro-
gressive muscle relaxation for hypertensives and cardiac pa-
tients, who often display reduced cardiac vagal activity (43–46).
In fact, although they used TM rather than the MBSR program,
Schneider and colleagues have observed significantly greater
decreases in blood pressure in hypertensives who were taught
TM versus progressive muscle relaxation in several studies
(11,47). Furthermore, in a recent follow-up study combining the
results from two randomized controlled trials, they observed a
significant reduction in cardiovascular mortality in those who
learned TM (48). The belief that meditation produced an impact
on vagal activity in our research is strengthened by the fact that a
significant effect of meditation on RSA was observed even after
correction for respiration rate. Using similar statistical proce-
dures, Grossman et al. (42) observed close correspondence
across a number of experimental conditions between changes in
respiration-corrected RSA values and changes in heart rate fol-
lowing beta-adrenergic blockade.

Of all the results, the PEP findings are probably the most
distinctive. Although the reductions in PEP during meditation
might seem to suggest greater relaxation, increases in cardiac
sympathetic activity produce decreases in PEP (32–35). Several
previous studies have noted signs of increased arousal in some
peripheral measures during meditation, but this has usually been
linked to more “transcendent” periods of meditation or more
meditation experience. For example, Kubota et al. (25) observed
increases in both cardiac parasympathetic and sympathetic ac-
tivity in Zen meditation during periods of high frontal midline
theta EEG activity. Peng et al. (7) found a significant increase in
low-frequency heart rate variability in experienced practitioners

of Kundalini yoga during meditation. The PEP data complement
and help clarify the meaning of the low-frequency heart rate
variability results. As noted before, low-frequency heart rate
variability reflects parasympathetic as well as sympathetic ac-
tivity in most nonmeditative states (36,37) and is probably even
more confounded during meditation due to a decrease in respira-
tion rate that shifts parasympathetically mediated RSA to a
lower frequency (7,19), although this issue may not have been as
severe in our research given the modest reduction in breathing
during meditation, which still left respiration rate (.258 Hz) well
within typical respiratory frequencies. Nevertheless, the PEP
findings provide additional evidence suggesting that meditation
may sometimes produce an increase in cardiac sympathetic ac-
tivity. This is further supported by the observation of increased
cardiac output among men during meditation in Study 2. Similar
effects on cardiac output have been observed during TM
(13,17). PEP is associated with cardiac contractility. Thus, in-
creased cardiac sympathetic activity might increase cardiac out-
put even in the absence of an effect of meditation on heart rate.
An increase in cardiac sympathetic activity may also explain the
absence of an effect of meditation on heart rate in our research,
consistent with the findings of a number of investigators
(7,13,17,19). That is, increased cardiac sympathetic activity
may buffer the impact of the effect of meditation on cardiac
parasympathetic activity, reducing the likelihood of heart rate
change. This would not negate potential therapeutic effects of
meditation, although it points to the complexity of the issue and
the importance of not viewing meditation as simply a state of
rest (49).

Clearly, one important limitation of this research was the
absence of direct measures of respiration. This was related in
part to our desire to employ an ambulatory impedance monitor
in Study 2. However, although not optimal, assessment of respi-
ration rate using heart rate variability is theoretically sound and
has some empirical justification. For example, Thayer and col-
leagues (38) recently observed high correlations between mea-
sures of respiration rate obtained via analyses of heart rate
variability and more conventional strain gauge measures. Nev-
ertheless, more direct and detailed assessment of respiration in
future research will help clarify the autonomic and other physio-
logical changes produced by meditation. The research was also
limited by modest samples in both Studies 1 and 2. The reduc-
tion in power probably limited the ability to detect treatment ef-
fects in both studies. For example, although Study 1 was not
conceptualized as a randomized controlled trial, it is possible
that larger groups might have revealed significant effects of the
practice of meditation over time. In a recent study using a simi-
lar beginning technique of the MBSR program, Barnes et al.
(50) observed relative reductions in resting and ambulatory
blood pressure among 34 middle-school students who practiced
meditation at school and at home for 3 months compared to 39
students in a control group. Although the within-subjects meth-
odology may have reduced the impact of the modest sample size
in Study 2, this was offset to some degree by the presentation of
the two conditions on different days. Within-subjects variability
in the physiological measures could have arisen from many
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sources, including variability inherent in the impedance meth-
odology due to electrode placement, skin characteristics, and so
forth (51).

Another limitation of the research is that the participants
did not include experienced meditators. It is likely that some of
the physiological effects of meditation are accentuated by prac-
tice and others that are not observed in beginners become mani-
fest. This belief is consistent with the results of Study 1, where
greater increases in RSA were observed in the BSM and PMR
groups after a month. On the other hand, most medical patients
who are enrolled in MBSR programs have no prior experience
with meditation. The results we present are encouraging in that
they suggest certain immediate physiological effects and hold
promise for further change (although the fact that the partici-
pants were young, healthy nonmeditators requires, in turn, fur-
ther qualification of the results—the question of whether these
results generalize to older, less healthy individuals awaits future
research). Finally, it is important to emphasize once again that
only one small part of the MBSR program that was easy to
operationalize was studied in our research. We cannot comment
on the short- or long-term physiological effects of other aspects
of the program. Indeed, there is some reason to suspect that our
results may not be entirely generalizable to the rest of the pro-
gram. The body scan technique requires focus on a specific ob-
ject, which differs from other MBSR techniques like insight
mindfulness meditation. This may have increased the likelihood
of observing a pattern of physiological activity that is generally
consistent with that observed during other forms of meditation
involving a relaxed focus such as TM. Regardless, our results
suggest that an interesting pattern of physiological activity is
produced by body scan meditation that is somewhat distinct
from changes produced by nonmeditation relaxation. Studies of
the short- and long-term physiological effects of different as-
pects of the MBSR program may inform and contribute to the
literature on its clinical effects.
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