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Effects of Stress Reduction on Carotid Atherosclerosis in
Hypertensive African Americans

Amparo Castillo-Richmond, MD; Robert H. Schneider, MD; Charles N. Alexander, PhD†;
Robert Cook, MD; Hector Myers, PhD; Sanford Nidich, PhD; Chinelo Haney, MBA;

Maxwell Rainforth, PhD; John Salerno, PhD

Background and Purpose—African Americans suffer disproportionately higher cardiovascular disease mortality rates than
do whites. Psychosocial stress influences the development and progression of atherosclerosis. Carotid intima-media
thickness (IMT) is a valid surrogate measure for coronary atherosclerosis, is a predictor of coronary outcomes and
stroke, and is associated with psychosocial stress factors. Stress reduction with the Transcendental Meditation (TM)
program decreases coronary heart disease risk factors and cardiovascular mortality in African Americans. B-mode
ultrasound is useful for the noninvasive evaluation of carotid atherosclerosis.

Methods—This randomized controlled clinical trial evaluated the effects of the TM program on carotid IMT in
hypertensive African American men and women, aged.20 years, over a 6- to 9-month period. From the initially
enrolled 138 volunteers, 60 subjects completed pretest and posttest carotid IMT data. The assigned interventions were
either the TM program or a health education group. By use of B-mode ultrasound, mean maximum IMT from 6 carotid
segments was used to determine pretest and posttest IMT values. Regression analysis and ANCOVA were performed.

Results—Age and pretest IMT were found to be predictors of posttest IMT values and were used as covariates. The TM
group showed a significant decrease of20.098 mm (95% CI20.198 to 0.003 mm) compared with an increase of
0.054 mm (95% CI20.05 to 0.158 mm) in the control group (P50.038, 2-tailed).

Conclusions—Stress reduction with the TM program is associated with reduced carotid atherosclerosis compared with
health education in hypertensive African Americans. Further research with this stress-reduction technique is warranted
to confirm these preliminary findings.(Stroke. 2000;31:568-573.)
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A frican Americans suffer disproportionately higher total
mortality rates than do whites.1,2 Cardiovascular dis-

eases (CVDs), in particular, coronary heart disease (CHD)
and stroke, are the major contributors to this differential.
Prevalence of CHD is'50% higher3–5 and mortality rates for
stroke6,7 are 4 to 5 times higher in African Americans than in
whites. Hypertension is also disproportionately high in Afri-
can Americans and is a major contributor to their risk for
atherosclerotic CVD mortality.8,9 Psychosocial stress has
been reported to influence the development and progression
of atherosclerosis in the general population,10–13as well as in
African Americans,14 and may explain part of the differential
cardiovascular and cerebrovascular mortality rates.15 In gen-
eral, studies on a range of stress-reduction techniques in
whites have demonstrated significant decrease in cardiac
events in patients with myocardial ischemia,16 but they do not

report effects on prevalent or incident stroke nor do they
evaluate the high-risk African American population. How-
ever, the Transcendental Meditation (TM) program has been
found to decrease CHD risk factors, including hypertension,
and associated cardiovascular morbidity and mortality in
African Americans17,18 and in the general population.19,20

Population-based21–23 and intervention studies24–26 have
shown that carotid intima-media thickness (IMT) measured
by B-mode ultrasound is a valid and reliable surrogate
measure of coronary atherosclerosis.27 Carotid IMT is a
significant predictor of coronary outcome28–30 and of preva-
lent31 and incident stroke29 and correlates with traditional32–34

and psychosocial cardiovascular risk factors in the general
population.13,35–37Carotid IMT is higher in African Ameri-
cans than in whites38–40; this finding represents an increased
risk for clinical CHD, stroke,29 and death.29,32 There are
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several demonstrated advantages of B-mode ultrasound over
angiography: (1) being noninvasive, B-mode ultrasound is
especially suitable for stress-reduction studies; (2) it provides
information in asymptomatic individuals; (3) it allows eval-
uation of early stages of the arterial disease process; (4) it
provides a continuous measure for statistical analysis; and
(5) compared with angiography, B-mode ultrasound requires
a smaller sample size.27,41

The present study hypothesizes that stress reduction
through use of the TM program compared with a health
education comparison group will regress or slow progression
of carotid atherosclerosis as measured by B-mode ultrasound
in a population of high-risk hypertensive urban African
Americans.

Subjects and Methods
The present study was an ancillary study to a larger randomized
clinical trial comparing a stress-reduction intervention, the TM
technique, with a heart disease education comparison group for the
treatment of hypertensive heart disease in African Americans.
Subjects were tested for primary and secondary outcomes at baseline
and had an intervention period after randomization of 6 to 9 months.
One hundred thirty-eight men and women aged.20 years, self-
identified as African American and residing in Los Angeles, with
high normal blood pressure (130 to 139 mm Hg systolic blood
pressure [SBP] and 80 to 85 mm Hg diastolic blood pressure [DBP]),
stage 1 hypertension (140 to 159 mm Hg SBP and 90 to 99 mm Hg
DBP), or stage II hypertension (160 to 179 mm Hg SBP and 100 to
109 mm Hg DBP) were recruited through local radio and press
advertising and from community organizations. They were eligible
whether or not they were taking antihypertensive medication and
independent of the duration of hypertension. Candidates were ex-
cluded if they had evidence of complications due to CVD (eg,
personal history of myocardial infarction, stroke, coronary artery
bypass graft, or percutaneous transluminal coronary angiography) or
other life-threatening or disabling illnesses. All subjects gave in-
formed consent and had the approval of their primary care physi-
cians. The study was approved by institutional review boards at
King/Drew Medical Center and Maharishi University of
Management.

B-mode carotid ultrasound scanning for all subjects was per-
formed with a Toshiba 140 transducer by one of the coauthors (R.C.)
after a modification of the Asymptomatic Carotid Artery Progression
Study (ACAPS) protocol for carotid evaluation.41,42 Measurements
of IMT were taken from the far wall at the level of the distal 2 cm
of the common carotid, the bulb, and the proximal 1 cm of the
internal carotid arteries on both sides. Far wall measurements were
chosen in accordance with methodological recommendations and
their reported use in clinical trials because the far wall is more easily
and consistently visualized than the near wall.28,43 The primary
outcome was IMT, defined as the distance between the intima-lumen
and media-adventitia interfaces at end diastole. IMT was observed
and manually marked for 5 to 8 cycles, controlled by ECG. Three
measurements were taken from each segment, and the average value
was included as the maximum IMT score for that carotid segment.
Whenever plaque was identified, 3 measurements were taken, and
the mean value was included as the maximum IMT score for that
particular carotid segment. Reading of these data was done on-line
by the radiologist performing the scanning, and images were stored
on S-VHS tape. The mean maximum IMT of the 6 segments was
used for data analysis, which has been found to give less variability
than single maximum measures.44 These combined measures of
common and internal carotid IMT are also as strong predictors of
cardiovascular events as traditional risk factors.29

Secondary outcomes included blood pressure, weight, and lipids.
Clinic blood pressure taken with a random-zero sphygmomanometer
was measured 3 times per visit during 3 consecutive baseline visits,
and the average of the last 2 visits was recorded. Blood pressure

evaluations were performed at approximately the same time of day
whenever possible. Weight was taken during 2 different baseline
visits, and the average of the 2 measurements was recorded. After
12-hour overnight fasting blood samples were drawn, they were
stored under freezing conditions for lipid analysis. No evaluation of
blood glucose was performed. Other behavioral factors, such as
exercise (hours per week) and the number of cigarettes smoked per
day, were evaluated at pretest and posttest as part of the major
ongoing trial.

Interventions
After baseline evaluations were performed, the participants were
randomly assigned to 1 of 2 treatment groups: (1) the TM program
and (2) a CVD risk factor prevention education program. The TM
technique is a simple, natural, and effortless mental technique
practiced 20 minutes twice a day with the participant sitting
comfortably with eyes closed. The TM technique is considered the
principal approach for stress reduction and self-development of
Maharishi Vedic Medicine,45 a comprehensive, prevention-oriented
system of natural health care traditionally derived from the ancient
Vedic approach to health. During the TM technique, the ordinary
thinking process becomes less active or quiescent, and a distinctive
psychophysiological state of “restful alertness” appears to be
gained.46–49 The prevention education program was modeled after
the Treatment of Mild Hypertension Study protocol.50 Both groups
were matched for teaching format, instructional time, home practice
(20 minutes twice a day), and expectancy of beneficial outcomes.
Neither group required change in personal beliefs. Number and
length of meetings were similar in both groups. Initial instruction
occurred over 1 week. Follow-up meetings after instruction were set
up 1 week later, then every 2 weeks for 2 months, and then once a
month for 3 months. Instruction in both programs was given by
certified instructors from the African American community. The TM
program involved an introductory lecture to discuss the benefits and
mechanics of the technique, a brief interview, and a session of
personal instruction, after which the participant joined small group
meetings. These meetings were not designed to generate social
support but to evaluate and clarify different aspects of the TM
practice. For the health education group, participants received
didactic instruction and group support for modifying major cardio-
vascular risk factors through nonpharmacological means. Their
20-minute home practice involved personal time dedicated to any
leisure activity (eg, reading and exercising). The format involved
materials and structured presentations specifically implemented for
African Americans.

Data Analysis
Baseline characteristics of the 2 groups were compared by ANOVA.
Baseline factors included age, sex, weight, blood pressure, pulse,
pulse pressure, medication status, total cholesterol, HDL, LDL,
smoking (cigarettes per day), exercise (hours per week), and carotid
IMT. The mean IMT of 6 carotid segments was used to determine
pretest and posttest IMT values. Change in IMT (posttest minus
pretest) was used for data analysis. Regression analysis was per-
formed for all variables. ANCOVA for change in IMT scores was
performed by using as covariates those variables found to be
predictors of IMT change—age and pretest IMT. A separate AN-
COVA was performed by using antihypertensive medication and
smoking status to account for possible effects of these variables on
IMT change. Intent-to-treat analysis was performed by using the
group mean change for all missing values. The significance level was
set atP,0.05 (2-tailed).

Randomization
Volunteer subjects from the parent trial were consecutively included
in the carotid atherosclerosis study until the end of the recruitment
phase. Subjects in the parent trial were randomly assigned to the 2
treatment groups with stratification by age, sex, mean arterial
pressure, left ventricular mass index, and use of antihypertensive
medication at baseline. Randomization was performed according to
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a computer-generated table, which randomly assigned consecutive
pairs of subjects in each stratum in order to place members of a pair
into different treatment groups. This ensured that the strata were
evenly distributed between the 2 groups. Blinding of the participants’
treatment assignments was maintained during scanning and reading
of the B-mode ultrasound. All data collection staff were blinded to
the treatment status of the participants. The project manager notified
the participants of their treatment assignment.

Results
Of the 170 subjects randomized into the parent trial, 138
volunteered to participate in the ancillary IMT study, and
after an average intervention period of 6.861.3 months, 62
subjects completed posttest B-mode ultrasound evaluations.
Two subjects were excluded because of unreadable scan-
nings. Results are described for 60 subjects with complete
pretest and posttest data on carotid IMT. There was no
significant difference in the intervention period between the 2
treatment groups. Fiscal restrictions precluded completion of
posttest evaluation for all subjects, with'56.5% of subjects
not completing posttest measures. The measurements of
carotid IMT, blood pressure, and other variables were ob-
tained simultaneously at baseline and the end of the treatment
phase. No differences were found between those not com-
pleting the study (attriters) and nonattriters in baseline char-
acteristics. No differences before the start of the treatment
regimen were found in demographics, blood pressure, pulse,
pulse pressure, and weight between treatment and health
education groups (see Table 1).

ANCOVA for IMT-change scores, with pretest IMT and
age used as covariates, indicated that the TM group showed a
significant decrease in IMT compared with the health educa-
tion control group. The TM group showed an adjusted mean
change of20.098 mm (95% CI20.198 to 0.003 mm)
compared with 0.05 mm (95% CI20.05 to 0.158 mm)

(P50.038), giving a relative mean adjusted difference of
20.15 mm between groups (see Figure). Thirty-seven sub-
jects (61.7%) were receiving antihypertensive medication at
pretest, and 18 reported changes in their medication status.
Differences between the 2 groups were not significant.
Results remained significant when covarying for changes in
antihypertensive medication and smoking (P50.027). Only 2
subjects from the health education group reported use of
lipid-lowering medication at pretest and posttest. No differ-
ences between groups were found in other measures, includ-
ing blood pressure, pulse, pulse pressure, lipids, total choles-
terol/HDL ratio, weight, smoking (cigarettes per day), and
exercise (hours per week). Intent-to-treat analysis using the
mean change for the whole group (20.0260.3 mm) in place
of missing values confirmed differences in change in IMT
between the 2 groups (P50.049). The number of intervention
meetings attended was significantly higher in the TM group
(78.9%) than in the health education group (61.9%)
(P50.025). Correlation between attendance to meetings and
change in IMT scores was significant for the TM group
(r520.42,P50.018) but not for the health education group
(r520.11,P50.56).

As seen on Table 2, the TM group showed statistically
significant within-group changes in SBP, DBP, pulse, and
pulse pressure. The health education group showed signifi-
cant reduction in SBP and DBP.

Discussion
This preliminary randomized controlled trial suggests that
stress reduction with the TM program is associated with
reduced carotid atherosclerosis in African Americans with
hypertension compared with a health education comparison
group. Fiscal constraints on posttesting, high residential
mobility, and scheduling conflicts were the main reasons for
a high attrition rate. Although the generalizability of our
findings may appear to be compromised by the attrition rate,
attriters and completers were not found to be different in
baseline characteristics that would systematically bias treat-
ment outcomes. Moreover, both the TM group (56.3%) and
the health education group (56.7%) (P50.94 for difference
between groups) were equally affected by attrition, reducing
potential subject bias in the final sample. Given the change in
IMT, the number of subjects in our pilot study was sufficient
to indicate differences between the 2 groups.

The parent trial from which the present study drew its
subjects did not include evaluation of diabetes as a risk factor

Comparative effects of TM and health education (HE) on carotid
IMT in hypertensive African Americans. Graph shows mean
change in IMT scores and 95% CI.

TABLE 1. Baseline Characteristics

Variable
TM Group

(n531)

Health
Education Group

(n529) P *

Age, y 55.269.2 52.5610.9 0.30

Sex, % male 29.03 34.48 0.1†

SBP, mm Hg 145.5613.2 149.9613.7 0.20

DBP, mm Hg 83.469.9 87.6612.2 0.15

Pulse, bpm 76.98610.6 75.14610.7 0.51

Pulse pressure, mm Hg 62.13617.1 62.36617.2 0.96

Antihypertensive medication, % 67.7 72.4 0.1†

Weight, lb 196.6633.6 194.2640.4 0.8

Total cholesterol, mg/dL 216.6641.7 220.6647.82 0.76

HDL-C, mg/dL 55.24618.5 49.55611.4 0.23

LDL-C, mg/dL 136.76637.1 142.98638.2 0.58

Smoking, cigarettes/d 1.3764.6 0.7363.7 0.56

Exercise, h/wk 6.9764.5 8.064.5 0.38

Carotid IMT, mm 1.5760.35 1.5260.38 0.64

Values are mean6SD and percentage (as indicated). HDL-C indicates HDL
cholesterol; LDL-C, LDL cholesterol.

*Level of significance is P,0.05.
†Based on x2 analysis.
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or lipid peroxidation in the progression of carotid atheroscle-
rosis; therefore, these factors cannot be ruled out. Future
studies will address these issues.

The sex distribution in the present study sample reflects the
population of other clinical trials with African Americans.17,18

A low proportion of male participants may limit the gener-
alizability of our findings, but they were equally distributed in
the TM group (n59) and the health education group (n510)
without affecting the observed IMT difference between
groups. The analysis by sex strengthened the difference in
change in IMT scores between groups (P50.017). The effect
of hormonal replacement therapy in the women’s subgroup
was minimal because only 3 women in the TM group and 2
in the health education group were receiving estrogen.

Conceivably, observed differences in outcomes may have
been due to differing compliance rates rather than the effect
of the experimental treatment per se. Compliance is consid-
ered an outcome of treatment, because patients will naturally
tend to comply with a behavioral intervention if they perceive
that it is beneficial to them. With regard to the interventions
in this trial, the TM technique has been shown in previous
studies to reduce stress and to deliver perceivable improve-
ments in physical health.17,51–53On the other hand, the health
education comparison group did not practice any stress-
reduction technique and received only didactic instruction in
the benefits of lifestyle changes. Higher compliance rates in
the experimental group may therefore be due to the intrinsic
nature of the treatments rather than differences in motivation

of subjects in the groups. Moreover, examining correlations
between attendance at meetings and change in IMT scores
revealed that a significant dose-response relation existed
within the TM group but not within the health education
group. Therefore, it is unlikely that had compliance rates been
higher in the health education group, more favorable out-
comes would have been obtained in that group. More likely,
differences in treatment outcomes are not reflecting differ-
ences in compliance levels. The dose-response relation found
in the TM group is consistent with the hypothesis that
changes were due to TM practice rather than nonspecific
treatment effects, such as subjects’ expectations or experi-
menter influences.

The manual IMT measurements and readings used in the
present study have been replaced recently by more precise
computerized tracking.24,54We made all attempts to preserve
the consistency of our readings, but this difference may
explain relatively higher IMT values in the present study
compared with computerized measurements in clinical tri-
als.24,26,55B-mode ultrasound is a valuable tool for noninva-
sive assessment of carotid atherosclerosis even in its early
stages of development.24,55 Carotid IMT measured by
B-mode ultrasonography is widely used in clinical trials
because of its associations with prevalence and incidence of
CVD and stroke28–30 and with traditional cardiovascular risk
factors, including hypertension, hyperlipidemia, obesity, and
diabetes.32–34 In our protocol, we used a summary outcome
measure of 6 different segments of the carotid wall similar to
that used in ACAPS.42 To maintain reproducibility and
decrease variability throughout the study, we retained the
same sonographer, and we used mean maximum IMT as our
primary outcome measure. Using the same sonographer
minimizes interrater variability, which is considered to be the
main cause of measurement variation.56 Reported intraob-
server reproducibility is 0.97.57 Mean maximum IMT is
considered more reliable than single maximum measure
because it also reduces intrarater variability and increases
statistical power, whereas single maximum IMT differs
according to the various carotid locations, thus decreasing
reproducibility.44 Compared with individual measures, mean
maximum IMT is also a stronger predictor for CVD
outcome.29,58

Our mean IMT baseline value is in the same range as the
baseline IMT reported for the Northern Manhattan Stroke
Study (NOMASS) African American subgroup.59 The annual
progression rate found in our comparison group is similar to
that of the placebo group of the Pravastatin, Lipids, and
Atherosclerosis in the Carotid Arteries (PLAC-II) study
involving coronary artery disease patients.26 The reduction of
0.098 mm in our stress-reduction group, practicing the TM
technique, is within the range of reduction shown by lipid-
lowering medications27 and intensive lifestyle modification
programs.60 Based on the observation of Salonen and Sa-
lonen56 that a 0.1-mm increase in IMT would raise the risk of
acute myocardial infarction by 11%, the change in our
treatment group of20.098 mm would indicate a decrease in
the risk of myocardial infarction by approximately the same
percentage. Similarly, based on the observation of O’Leary et
al29 of the correlation between IMT and incidence of stroke,

TABLE 2. Changes in Intermediate Variables

Variable Groups
Within-Group–
Change Scores

P

Within
Group

Between
Group

SBP, mm Hg TM 27.77 610.34 0.0003* 0.25

HE 26.74 612.8 0.01*

DBP, mm Hg TM 23.5 67.6 0.02* 0.5

HE 25.9 68.6 0.001*

Pulse, bpm TM 23.88 610.97 0.01* 0.59

HE 23.0 611.24 0.16

Pulse pressure, mm Hg TM 24.26 69.02 0.02* 0.13

HE 20.84 69.5 0.63

Total cholesterol, mg/dL TM 2.8 625.16 0.58 0.69

HE 5.36 638.1 0.53

HDL-C, mg/dL TM 21.64 67.9 0.31 0.28

HE 2.74 612.0 0.31

LDL-C, mg/dL TM 2.14 620.3 0.6 0.86

HE 1.79 636.46 0.82

Weight, lb TM 21.02 67.98 0.48 0.48

HE 23.34 617.7 0.32

Smoking, cigarettes/d TM 20.5 62.74 0.33 0.35

HE 0.17 61.7 0.59

Exercise, h/wk TM 20.44 64.47 0.63 0.3

HE 22.39 66.38 0.05*

Values are mean6SD.
*All coefficients significant at P,0.05.
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a reduction of 0.1-mm IMT would represent a 7.7% to 15%
reduction in risk of stroke. With the use of different ap-
proaches, recent studies on stress-reduction programs with
behaviorally oriented interventions in white populations have
found a positive impact on cardiovascular morbidity and
mortality.16 These studies have focused on tertiary prevention
of atherosclerotic disease and have used cardiac events,
including CVD mortality, as end points. Studies on the effects
of stress reduction on stroke have not been reported.

Our results are consistent with other findings that describe
the effects of TM on the cardiovascular system. The changes
found in the present study may be related to several acceler-
ated homeostatic and self-repair processes acting in concert to
halt early atherosclerotic pathological mechanisms. A likely
mechanism explaining the reduction of IMT of the carotid
wall is the decrease in excessive sympathetic nervous system
activation. Evidence indicates that chronic psychosocial
stress induces excessive adrenergic activation and sympa-
thetic hyperresponsivity, leading to carotid atherosclero-
sis.61–63 In the present study, stress reduction with either TM
or changes in diet and exercise led to statistically significant
declines in blood pressure within each group. Decrease in
blood pressure in the control group, however, was not
associated with a corresponding decrease in IMT. In the TM
group, improved arterial compliance reflected in the reduc-
tion of pulse pressure together with changes in blood pressure
and heart rate may have had hemodynamic effects that
influenced the observed IMT reduction. These results support
previous findings that describe pulse pressure as a strong
predictor of carotid atherosclerosis23 and suggest a reduction
in sympathetic activation with the practice of the TM
program.64,65

From the perspective of Maharishi Vedic Medicine, stress
and disease arise from a lack of integration of the various
physiological systems with the holistic “inner intelligence” of
the body.45 This may result in loss of homeostasis in the
cardiovascular system that could be expressed as higher
blood pressure or increased atherosclerosis. The practice of
the TM technique may involve a set of adaptive responses at
the cortical, autonomic, neuroendocrine, and cardiovascular
levels that would restore homeostatic and self-repair mecha-
nisms.20,47,64 Further research on the effects of TM and the
regression of atherosclerosis may help verify the proposed
mechanistic hypotheses.

The present study evaluated the effects of a stress-
reduction technique on atherosclerosis in African Americans
at high risk of cardiovascular complications. The results have
potentially important implications for the prevention and
treatment of atherosclerosis and its clinical and epidemiolog-
ical consequences. These preliminary findings are followed
up by a larger National Institutes of Health–funded random-
ized controlled trial in African Americans currently in
progress that will further evaluate these results and address
questions concerning the long-term efficacy of stress-
reduction techniques.
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