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sychosocial stress contributes to high blood pressure and
ubsequent cardiovascular morbidity and mortality. Previ-
us controlled studies have associated decreasing stress
ith the Transcendental Meditation (TM) program with

ower blood pressure. The objective of the present study
as to evaluate, over the long term, all-cause and cause-

pecific mortality in older subjects who had high blood
ressure and who participated in randomized controlled

rials that included the TM program and other behavioral
tress-decreasing interventions. Patient data were pooled
rom 2 published randomized controlled trials that com-
ared TM, other behavioral interventions, and usual ther-
py for high blood pressure. There were 202 subjects,

ncluding 77 whites (mean age 81 years) and 125 African-
merican (mean age 66 years) men and women. In these
tudies, average baseline blood pressure was in the pre-
ypertensive or stage I hypertension range. Follow-up of

ital status and cause of death over a maximum of 18.8
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ears was determined from the National Death Index.
urvival analysis was used to compare intervention groups
n mortality rates after adjusting for study location. Mean
ollow-up was 7.6 � 3.5 years. Compared with combined
ontrols, the TM group showed a 23% decrease in the
rimary outcome of all-cause mortality after maximum
ollow-up (relative risk 0.77, p � 0.039). Secondary anal-
ses showed a 30% decrease in the rate of cardiovascular
ortality (relative risk 0.70, p � 0.045) and a 49% de-

rease in the rate of mortality due to cancer (relative risk
.49, p � 0.16) in the TM group compared with combined
ontrols. These results suggest that a specific stress-de-
reasing approach used in the prevention and control of
igh blood pressure, such as the TM program, may con-
ribute to decreased mortality from all causes and cardio-
ascular disease in older subjects who have systemic
ypertension. �2005 by Excerpta Medica Inc.
(Am J Cardiol 2005;95:1060–1064)
uantitative reviews of previous studies of reduc-
tion approaches to stress have either shown neg-

tive results or heterogeneity of effects on decreasing
lood pressure depending on the experimental design
nd selection of specific technique.1,2 However, recent
eta-analytic reviews have indicated that decreasing

tress with the Transcendental Meditation (TM) pro-
ram may be particularly effective in decreasing high
lood pressure, psychosocial stress, morbidity, and
ortality.3–5 Two previous randomized controlled tri-

ls of behavioral interventions associated the TM pro-
ram with significantly decreased blood pressure after 3
onths in independent samples of older white and Af-

ican-American subjects.6–8 In addition, preliminary
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ata suggested trends toward decreases in mortality in
he TM group compared with active and usual-care
ontrols in these trials.8–10 Therefore, the objective of
he present study was to evaluate long-term all-cause
nd cause-specific mortality in older subjects who had
igh blood pressure and who participated in random-
zed controlled trials that included the TM program
nd other behavioral stress-reducing interventions.

ETHODS
Clinical trials: Computerized and manual searches

f the literature were used to locate published reports
hat met the following criteria: (1) randomized con-
rolled trial design, (2) blood pressure as a primary
utcome, and (3) studies that compared the effects of
he TM program with those of other behavioral control
nterventions. Two trials met the search criteria and
rovided data for the present pooled analysis.6–8

The methods of the trial by Alexander et al8 have
een described in detail. In brief, the 77 white partic-
pants (18% men and 82% women; mean age 81 � 9.3
ears) were residents of homes for the elderly in the
oston area. Baseline systolic blood pressure aver-
ged 138 � 15.9 mm Hg. Outcome measurements in
he original study were cognitive functioning, mental
ealth, and systolic blood pressure after 3 months and
ortality rate after 3 years. Subjects were randomized

o 4 treatment groups: a TM group (n � 21), a mind-

ulness training group (n � 23), a mental relaxation
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roup (n � 22), and a usual-care control group (n � 11).
n this study, the 3 active interventions (TM, mindful-
ess training, and mental relaxation) were matched to
ach other for teaching format, instructional time,
ome practice requirements (20 minutes 2 times a
ay), and expectancy of beneficial health outcomes.
one of the interventions required other changes in

ifestyle or personal beliefs.
The distinctive features of the 3 active treatments

ere as follows, The TM program was described as
he principal mind-body technique of Maharishi Con-
ciousness-Based Health Care, a comprehensive tra-
itional system of natural medicine derived from the
ncient Vedic tradition.11,12 The TM program was
eported to include a simple, yet precise technique
hereby the ordinary thinking process becomes qui-

scent and a unique psychophysiologic state of “rest-
ul alertness” appears to be gained.13 Details of the
nstructional protocol have been published.14 Mindful-
ess training, developed by Alexander et al,8 involved
earning a guided attention technique to engage par-
icipants in novel and creative mental activities.8 The
ental relaxation technique was designed to simulate

eneric features of the TM program, hypothesized by
ome researchers to be responsible for its relaxation
ffects.15 The mental relaxation technique required
ubjects to repeat silently to themselves familiar and
rief mental stimuli (e.g., a phrase or verse) during the
elaxation period. Home practice compliance rates
fter 3 months for each of the 3 active treatment
roups were 80% for TM subjects who practiced
egularly compared with 48% for the mindfulness
raining group and 47% for the mental relaxation
roup. Systolic blood pressure was significantly lower
n the TM group than in the control group at 3 months.

Methods of the second trial have been published in
etail.6,7 Briefly, this was a randomized controlled
rial of community-dwelling older African-Americans
43% men and 57% women; mean age 67 � 7.6 years)
ho had stage I and II hypertension (stages I and II;
aseline blood pressure averaged 147/92 � 13.2/8.7
m Hg) and lived in Oakland, California. The 125

ubjects were randomized to a TM group (n � 40), a
rogressive muscle relaxation group (PMR; n � 42),
r a health education control group (n � 43). The 2
ctive interventions (TM and PMR) were matched for
xpectancy of benefits, teaching format, instructional
ime, and home practice (20 minutes 2 times a day).
he TM program was taught according to the same
tandardized procedures as in the Alexander et al8
rial. The PMR technique followed previously stan-
ardized and validated procedures of Bernstein and
orkovic,16 based on a classic muscle relaxation pro-
ram by Jacobson.17 This technique involved system-
tically relaxing the major muscle groups of the body
ith the goal of physical and mental relaxation. The
ealth education control group received lifestyle mod-
fication information consistent with national guide-
ines.18 The education control intervention was designed
o reflect usual-care community practice. Original out-
omes in this study included systolic and diastolic

lood pressures and other cardiovascular risk factors c

SY
or cardiovascular disease (diet, exercise, weight, and
ubstance use). The duration of the intervention was 3
onths. Home practice regularity rates for TM and
MR after 3 months were 97% and 81%, respectively.
here were no significant changes in diet, exercise, or
lood pressure medications. Systolic and diastolic
lood pressures were significantly lower in the TM
roup than in the PMR and education control
roups.6,7

Determination of mortality: Data from 202 subjects
rom the 2 clinical trials were pooled.19 Vital status
as obtained from the National Death Index (National
enter for Health Statistics, Research Triangle Park,
orth Carolina), which provided an estimated accu-

acy of 93% to 98% in identifying vital status of
atients.20 The database of subjects’ records was
earched against the National Death Index database
hrough December 31, 1998, the most recent year
vailable as of autumn 2000. There were 101 mortal-
ties. Causes of deaths were obtained by using the
ational Death Index Plus service, which provided

oded causes of death according to the International
lassification of Diseases, Ninth Revision. Cause-

pecific mortality was based on the underlying cause
f death. Codes 401 to 438 were defined as cardio-
ascular diseases, and codes 140 to 239.9 were de-
ned as cancer.

Statistical analysis: Survival analyses were per-
ormed on the pooled individual patient data from the
trials. This approach used meta-analysis of individ-

al patient data.19 Survival time was measured starting
rom the date of randomization in the original studies.
he primary outcome was all-cause mortality after
ompletion of maximum follow-up. Secondary out-
omes were mortality due to cardiovascular disease
nd cancer. Maximum follow-up periods were 18.8
ears in trial 1 and 9.0 years in trial 2. In addition,
econdary analyses were conducted of survival during
years (for comparison with the short-term published
ndings from trial 1) and during 10 years.

Statistical comparisons were made across the fol-
owing treatment categories: the TM program (used in
he 2 trials), “other active behavioral treatments”
mindfulness training and mental relaxation in trial 1
nd PMR in trial 2), and the “usual-care” conditions
usual care in trial 1 and education control in trial 2).
he usual-care groups constituted minimally con-

rolled conditions for comparison with the 2 active
reatment categories. Comparisons of the TM program
ith the other active behavioral therapies allowed

ontrol of nonspecific therapeutic effects, such as mo-
ivational factors and generalized effects of relaxation
herapies (e.g., effects of sitting with eyes closed and
ovel deployment of attention). This was feasible be-
ause all active therapies were taught and practiced in
tructurally similar formats.

Survival analyses were performed with the SAS sta-
istical package (SAS Institute, Cary, North Carolina).
ata were checked for validity of the proportional
azards assumption.21 This was done using a time-
ependent covariate, Z � ln(t), where Z is the indi-

ator variable for TM, and t is the time since random-
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zation, in Cox’s regression analysis of survival times.
he time-dependent covariate was highly statistically
ignificant in this analysis (p �0.0001), indicating that
here was a significant violation of the proportional
azards assumption. Therefore, survival times of treat-
ent groups were statistically compared using the

eneralized Wilcoxon’s test that has been recom-
ended for analysis of nonproportional hazards.21

tratification on study location was used to adjust for
emographic differences between studies. The effect
f treatment on survival was quantified as relative risk
hat was estimated from Cox’s regression analysis of
urvival times. Two-sided p values �0.05 were con-
idered statistically significant. Survival analyses were
onducted with “intention-to-treat” and “on-trial”
rinciples. Subjects who were randomly allocated and

TABLE 1 Numbers of Deaths by Treatment Group in Each Clinic

Clinical Trial Treatment Group No.

Boston (Alexander et al8) TM
Mindfulness
Mental relaxation
Usual care

Oakland (Schneider et al6) TM
PMR
Health education (control)

*For subjects included in on-trial analyses.

TABLE 2 Numbers of Deaths by Treatment Group in Each Clinic

Clinical Trial Treatment Group No.

Boston (Alexander et al8) TM
Mindfulness
Mental relaxation
Usual care

Oakland (Schneider et al6) TM
PMR
Health education (control)

*For subjects included in intention-to-treat analyses.

TABLE 3 Effects of Interventions on Mortality in the Pooled Clinic

Cause of Death Statistical Comparison

All cause TM vs usual care
TM vs other active therapy
Other active therapy vs usual care
TM vs combined controls

Cardiovascular disease TM vs usual care
TM vs other active therapy
Other active therapy vs usual care
TM vs combined controls

Cancer TM vs usual care
TM vs other active therapy
Other active therapy vs usual care
TM vs combined controls
ompleted post-testing at 3 months were included in c

062 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 95
he on-trial analyses. Missing data were handled in the
ntention-to-treat analysis by the method of multiple
mputation.22

ESULTS
For all subjects in the pooled study, mean age �

D was 72.0 � 10.6 years, 67% were women, and
ystolic blood pressure was 144 � 15.6 mm Hg. Mean
ollow-up times were 8.45 � 4.83 years in study 1,
.13 � 2.15 years in study 2, and 7.63 � 3.48 years
or studies 1 and 2. Table 1 presents the number of
ll-cause and disease-specific mortality events in each
tudy for the on-trial analysis. Table 2 presents the
umber of mortality events for the intention-to-treat
nalysis. Table 3 presents the relative risks and sig-
ificance levels for the primary and secondary out-

rial*

ubjects

No. of deaths

All Causes Cardiovascular Diseases Cancers

20 11 1
20 10 4
21 12 4
10 4 1
8 1 4

12 4 5
10 6 4

rial*

ubjects

No. of deaths

All Causes Cardiovascular Diseases Cancers

20 11 1
22 12 4
21 12 4
10 4 1
9 1 4

12 4 5
11 7 4

rials

Relative Risk

Significance (2 trials)Boston8 Oakland6 2 Trials

1.13 0.60 0.89 0.21
0.79 0.58 0.73 0.03
1.33 1.16 1.26 0.43
0.85 0.61 0.77 0.04
1.65 0.16 0.82 0.10
0.80 0.23 0.68 0.06
1.79 0.69 1.23 0.74
0.92 0.19 0.70 0.05
0.54 0.69 0.65 0.47
0.20 0.69 0.44 0.09
2.49 1.25 1.56 0.52
0.24 0.73 0.51 0.15
al T

of S

20
20
22
11
36
37
36
al T

of S

21
23
22
11
41
42
42
al T
omes of cardiovascular disease and cancer mortality
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or each study and for the 2 studies combined. As
resented in Table 3, the relative risk of all-cause
ortality for the TM group compared with combined

ontrol groups was 0.77 (p � 0.039; Figure 1). For
ortality due to cardiovascular disease, the relative

isk was 0.70 (p � 0.045); for mortality due to cancer,
he relative risk was 0.51 (p � 0.153). The intention-
o-treat results showed a similar pattern. That is, for
he 2 trials pooled, the relative risks were 0.75 (p �
.062) for the TM group compared with combined
ontrol groups for all-cause mortality, 0.62 (p �
.025) for cardiovascular mortality, and 0.53 (p �
.190) for cancer mortality.

To further evaluate the effects of stress-decreasing
ntervention on intermediate time points of survival,
nalyses were conducted for 3 and 10 years of follow-
p. The results of the TM versus combined controls
omparison for all-cause mortality showed relative
isks of 0.11 (p � 0.013) at 3 years and 0.60 (p �
.025) at 10 years of follow-up. Intention-to-treat
nalyses showed similar results, i.e., relative risks
ere 0.21 (p � 0.046) at 3 years and 0.62 (p � 0.044)

t 10 years.

ISCUSSION
The results of this retrospective long-term fol-

ow-up of 2 randomized controlled trials of decreasing
tress and high blood pressure in older subjects sug-
est that a selected behavioral approach, the TM pro-
ram, is associated with significantly lower mortality
ates compared with other behavioral interventions
nd usual care. The decreases in risk were 23% for
ll-cause mortality and 30% for cardiovascular mor-
ality, and there was a trend for cancer mortality over
he 7.6-year mean, 18.8-year maximum follow-up pe-
iod. The results of intention-to-treat analyses were
imilar to those of on-trial analyses. There were sim-
lar risk decreases for the 2 independent study sam-
les: elderly white subjects who had prehypertension
nd who resided in Boston, Massachusetts, and older
frican-Americans who had stage I and II hyperten-

ion and lived in Oakland, California.
This is the first pooled analysis of randomized

ontrolled trials on long-term effects of nonpharma-

IGURE 1. Kaplan-Meier survival curves for all-cause mortality
or subjects who completed post-testing in the original studies
relative risk 0.77, p � 0.04).
ologic interventions for hypertension on mortality.
3
o

SY
lthough the sample of 202 African-American and
hite men and women in the present study was rela-

ively modest, these preliminary results suggest that
n effective stress-reducing intervention may decrease
ortality rates for all causes and cardiovascular dis-

ase.
A meta-analysis of pooled clinical trials of phar-

acologic antihypertensive therapy indicated an av-
rage decrease of 12 to 13 mm Hg in systolic blood
ressure over 4 years.23 This was associated with a
3% decrease in all-cause mortality and a 25% de-
rease in cardiovascular mortality.24 The short-term
ollow-up of blood pressure changes in the 2 trials of
ecreasing stress included in the present analysis as-
ociated the practice of TM with a decrease of 10 to
1 mm Hg in systolic blood pressure. Diastolic blood
ressure was measured only in study 2, and there the
ecrease averaged 6 mm Hg. Whether these or other
ecreases in blood pressure were maintained during
he 7.6 years of average follow-up of survival is un-
nown, because in the present retrospective analysis
nly mortality data from national databases were col-
ected. However, the 23% decrease in the primary
utcome of all-cause mortality and 30% decrease in
ardiovascular mortality may be considered somewhat
imilar to decreased risks reported with antihyperten-
ive therapy in middle-aged and older adults who have
ypertension.23,24 Larger clinical trials that are pro-
pectively designed to assess blood pressure, treat-
ent compliance, mechanistic variables, and mortality

ver the long-term are required to more definitively
valuate these effects.

Another relevant consideration when comparing
he effectiveness and utility of interventions for hy-
ertension is the significant rate of adverse effects
ssociated with antihypertensive drugs.25,26 Previous
tudies on physiologic outcomes and quality-of-life
ffects of the TM program reported a range of im-
rovements in physical and psychological health in
dults generally and in older subjects specifical-
y.12,27,28 These and the present effects on mortality
re consistent with theoretical mechanisms of action
f the TM program, which suggest a diverse yet
ntegrated effect on mind–body health.11,29

In conclusion, the present findings suggest that
onpharmacologic decrease of stress with the TM
rogram, in addition to usual care, may be associated
ith long-term decreases in mortality in older popu-

ations that have high blood pressure.

Acknowledgment: The investigators are grateful to
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