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Abstract

Background: Transcendental Meditation (TM) as a stress management technique may offer an
adjunctive strategy to improve health and well-being in adults with cardiovascular disease (CVD).

Objectives: To examine the efficacy of TM to improve aspects of cardiovascular health and
psychological functioning in adults with CVD.

Method: Studies (a) evaluating TM in adults with hypertension or CVD and (b) assessing a
physiological or psychological outcome were retrieved and meta-analyzed. Weighted mean effect
sizes were computed to assess between- and within-group changes.

Results: Nine studies met inclusion criteria (V= 851; mean age = 60 * 8 years; 47% women).
Between-group analyses revealed no differences between TM and control groups. However,
within-group (i.e., pre- to post-intervention) analyses revealed reductions in systolic (¢+ = 0.31)
and diastolic (&* = 0.53) blood pressure (BP) for the TM group. There were no changes in
depressive symptoms for TM or control participants.
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164 Summit Avenue, Providence, RI, USA 02906; emily_gaithright@brown.edu.
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Conclusions: TM was associated with within-group (but not between-groups) improvements in
BP. Continued research using randomized controlled trials with larger samples, and measuring
psychophysiological outcomes at longer follow-up intervals is recommended.

1. INTRODUCTION

More than 28 million adults are diagnosed with cardiovascular disease (CVD) in the United
States.! High blood pressure (BP)23 and depression are associated with CVD onset and
complications.*-8 Medical and surgical interventions are the first line treatments for CVD
but non-pharmacological interventions can complement medical treatment(s) and assist in
managing the risk factors associated with CVD.

Mantra meditation seeks to promote inner awareness through repetition of a sound, word, or
phrase.” Transcendental meditation (TM), one form of silent mantra meditation, involves
repetition of a mantra to reach a state of effortless awareness®? — a state that is deeper than
experienced during eyes-closed rest.10 In addition to increasing awareness, TM has been
promoted for stress management.

Research suggests that TM can reduce BP among hypertensive patients'! with a meta-
analysis revealing small improvements in individuals assigned to TM compared to controls.”
A recent summary concluded that TM reduces BP to levels achieved by other lifestyle
interventions.12 Although encouraging, prior analyses either included a range of patients
(not just those with hypertension) or focused on hypertensive exclusively. This pattern has
yielded uncertainty about the benefits of TM for CVD patients. Given differences within the
cardiovascular system associated with the disease processes and the influences of medical
treatment for elevated BP, it is critical to understand whether TM can serve as an adjunctive
treatment for individuals who are likely already receiving treatment or have more significant
contributors to elevated BP compared to healthy samples.

As part of a 2013 American Heart Association (AHA) scientific statement on alternative
strategies for BP reduction, TM was given a Class 11B, Level of Evidence B classification in
the context of limited and somewhat mixed data.13 This designation implies that TM may be
considered as treatment approach, though other interventions, such as aerobic exercise, have
a stronger evidence to be considered as a BP reduction approach. A more recent AHA
scientific statement suggested that meditation, including TM, may be a possible risk
reduction technique for individuals with CVVD based on evidence from a systematic review.
14 However, definitive conclusions were limited by restricted data on follow-up and
prognostic endpoints and no TM-specific recommendations.4 Others have cautioned against
drawing firm conclusions regarding the efficacy of TM in lowering BP due to
methodological limitations of prior research.12:15.16

Prior meta-analyses on TM have important limitations, namely, they have not focused on
CVD populations exclusively, have primarily examined the impact of TM on BP, and have
understudied depression, which may also benefit from TM.17:18 Because 15-20% of adults
with CVD experience depression?®20 it is important to determine whether TM also allays
depression among those living with CVD.
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The purpose of the current research was to examine the efficacy of TM on cardiovascular
and psychological health in adults with CVD. We hypothesized that TM would lead to
greater improvements in psychological (e.g., depression) and physiological (e.g., BP)
outcomes in adults with CVD relative to controls. We also describe intervention details and
outcomes to identify gaps in our current understanding and guide future research.

2. METHOD

The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
statement guided the current research (see Supplementary Materials 1).21

2.1 Eligibility criteria

Inclusion criteria were: (1) investigation of TM using a randomized controlled trial (RCT) or
quasi-experimental design, (2) sampling only adults with hypertension or other form of
CVD, (3) evaluation of a psychological (e.g., depression) and/or physiological (e.g., BP)
outcome; and (4) provide information to calculate effect sizes. Studies that did not meet
these criteria were excluded. Studies were not excluded based on language or geographic
location.

2.2 Information Sources and Search Strategy

Potential studies were identified through (a) electronic databases (e.g., PubMed, PsycINFO,
CINAHL, Cochrane Library, Web of Science: Science Citation Index), (b) reference sections
of manuscripts, (c) tables of contents of journals, and (d) research databases (i.e., NIH
RePORTer, ClinicalTrials.gov). Broad search terms included transcendental meditation,
cardiovascular disease, and intervention. The specific search terms capture varied CVD
conditions (e.g., “heart failure,” “myocardial infarction,” “coronary,” “hypertension”). The
search strings used for each electronic bibliographic database is provided in Supplementary
Materials 2. All searches were conducted through June 2019.

2.3 Study Selection

Identified papers were reviewed in several steps. First, duplicate bibliographic records were
removed. Second, titles and abstracts were screened to identify studies that sampled adults
with CVD and reported a TM intervention. Literature reviews and meta-analyses were
excluded, though references were checked for primary studies. Finally, texts of the
remaining records were reviewed by two authors. Studies were removed if they did not meet
inclusion and exclusion criteria. Records that reported the same study and/or sample across
multiple manuscripts were linked in the database to be represented as a single unit. The
manuscript reporting the most complete data was selected as primary.

2.4 Data Collection Process, Data Items, and Reliability

Two trained independent coders extracted study information (e.g., dates of data collection),
sample characteristics (e.g., age, gender, diagnosis), study design (e.g., comparison
condition), intervention details (e.g., number sessions, format), and intervention
components. The methodological quality (MQ) of each study was determined through 17
items adapted from validated measures.22-25 The possible MQ score was 25, with higher
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scores reflecting higher MQ. Standardized coding forms were used to maximize consistency
of data extraction and coding. Regarding inter-rater reliability for characteristics reported as
a categorical variable, coders agreed on 89% of the judgments (mean Cohen’s x = 0.80).
The average intra-class correlation coefficient (o) reflecting reliability of continuous
variables was 0.87 across categories (median = 1.00). The two coders discussed
discrepancies until consensus was reached; principal investigator (L AJSS) clarified any
remaining unresolved discrepancies.

2.5 Study Outcomes

We focused on systolic BP and diastolic BP because TM is widely promoted as a BP
reduction tool, which underscores the importance of evaluating TM as a BP reduction tool
for this population. We also included depression as an outcome because depression is
increasingly recognized as an indicator of CVD prognosis.

2.6 Summary Measures

Between group effect sizes assessed differences in outcomes in individuals who completed a
TM intervention relative to individuals in a comparison group. For each study, effect sizes
(d) were calculated as the mean difference in each outcome between the TM and comparison
groups divided by the pre-test standard deviation.26:27 Positive effect sizes indicated that
participants who received TM reported improvements on the outcome relative to controls.
Within-group effects sizes were calculated as the mean change from pre- to post-
intervention.26:27 Positive within group effects reflected improvement in the outcome at
post-intervention relative to pre-intervention. All effect sizes were weighted by sample size
to correct for sample size bias.28 Two independent coders calculated effect sizes.
Discrepancies between coders were discussed and corrected following resolution.

2.7 Synthesis of Results

Weighted mean ES (¢4) and 95% confidence intervals were calculated using random-effects
assumptions (full information maximum likelihood).2° Box plots for each outcome
identified outliers.30 The Qstatistic was calculated to assess heterogeneity. The / index and
95% confidence intervals evaluated the consistency across effect sizes.31:32 All analyses
were performed using Stata/SE 15.1 with published macros for examination of aggregated
effect sizes and moderator analyses.33 Comprehensive Meta-Analysis was used to generate
forest plots.34

3. RESULTS
3.1 Study Selection

A total of 893 records were identified from electronic database searches after removal of
duplicates and 14 additional records were found through alternative sources, including five
clinical trials records (, , , , ). Studies not meeting inclusion criteria were excluded following
review of title and abstracts (529 records). Studies identified as reviews, editorials, or
commentaries (345 records) or not relevant (184 records) were removed. Following full-text
review, studies not sampling adults with CVD (140 records) were excluded. An additional
205 records were excluded because the studies did not meet inclusion criteria (see Figure 1
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for details). Thus, the final sample included 9 studies with 24 supplemental texts. Table 1
provides details of study characteristics of the 9 studies reviewed in the meta-analysis. A
complete list of the records reviewed is available upon request from the Pl (LAJSS).

3.2 Study Characteristics

Publication (or dissertation completion) dates ranged from 1995 to 2015 with most (75%)
studies published on or before 2007. Seven studies were published in journals (79%). Two
were unpublished dissertations.3%36 All studies were written in English and conducted in the
United States. Six studies (67%) recruited participants through multiple methods (e.g.,
clinics, churches, senior centers, and media advertisements). Three studies (33%) recruited
participants solely through clinical contacts.

3.3 Sample Characteristics

The initial samples included 851 adults who provided informed consent, with 658 included
in final analyses (mean percentage [M%6] = 80% + 10% retention rate). Samples were
comprised of mostly men (53%) with a mean age of 60 and standard deviation (5D) of 8
(range = 49 — 70 years). Of the studies reporting race, all sampled only African American
participants. Race was not reported by two studies. Five studies reported marital status; 43%
(SD = 22) of the participants were married. Adults with varied CVD conditions were
included. Studies sampled patients with hypertension (7 out of 9), coronary heart disease (3
out of 9), or history of myocardial infarction (2 of 9); one study involved heart failure
patients (not mutually exclusive).3” Of the eight studies providing details on participants’
CVD-related treatment, all studies reported pharmacological therapy. Two studies sampled
patients who were enrolled in or had graduated from cardiac rehabilitation36:38 and one
study reported sampling a portion of participants with a history of revascularization.38

3.4 Intervention Characteristics

All authors reported providing TM instruction in the standard format which typically
includes two introduction lectures, one brief personal interview, both individual and group
instruction led by trained instructors. The instructional sessions typically lasted a median of
90 minutes (range = 75 to 105). All studies referenced using the standard home practice
recommendation (i.e., 15-20 minutes, twice daily) and follow-up visit (i.e., returning
following the initial 4-day training period to check the individual’s technique).

Two studies offered additional components beyond TM (TM+).36:39 In one study, TM was
supplemented with eight basic health education classes.3? In the second, participants
received Maharishi Consciousness-Based Health Care, which included TM, herbal
supplements, exercises (i.e., Maharishi Yoga asanas and Pranayama), and recommended
running or walking, and diet.36

3.5 Design Characteristics

All studies included a control group with pre- and post-test assessments (8 RCTs; 1 quasi-
experimental study with participants matched on gender, age, and severity of disease). The
control conditions included standard care (1 of 9 studies), or an active comparison group

(e.g., health education; 8 of 9 studies). Six studies matched the TM and control groups for
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time and contact, though the timing of intervention delivery sometimes varied between
groups.%0 The median number of follow-up assessments was 1 (range = 1 to 11) but five
studies reported outcomes summed across multiple time-points.36:40-43 The length of
follow-ups ranged from an immediate post-test to nearly eight years later. (Mortality was the
only outcome assessed at the eight-year follow-up.4244) Because most studies (k= 5)
included results for a single post-test ranging from immediate post-test to 25 weeks post-
intervention (median = 15), our analyses focused on the last (or only) assessment following
TM training. Therefore, for systolic and diastolic BP (k= 6), assessments occurred 12 to 281
weeks post-intervention (median = 20 weeks). One study assessed BP at multiple time
points (3, 6, 9, and 12 months) but the change in BP over the course of the entire follow-up
(e.g., 12 months) was included in the analyses.*! Assessments of depressive symptoms
ranged from 15 to 281 weeks post-intervention (median = 38 weeks). One study assessed
depression on two separate occasions (12 and 25 weeks post-intervention); the final
assessment (25 weeks) was used in analyses.37

3.6 Synthesis of Results for Between-Groups Analyses

Depression—To assess depressive symptoms (& = 5), four studies used the Center for
Epidemiological Scale for Depression,36-38:43:45 3 20-jtem self-report measure where
individuals are rate the frequency of symptoms of depression over the past week.*®> One
study used the depression subscale of the Mental Health Inventory, a 38-item self-report
measure with five subscales assessing anxiety, depression, positive affect, emotional ties,
and behavioral/emotional control.#0:46 Two studies reported improvements in the TM group
relative to controls.37:40 Weighted mean effect sizes revealed that depressive symptoms were
not reduced in the TM-only group relative to controls (¢4 = 0.27, 95% confidence interval
[CI] =-0.14, 0.67; k= 4). The magnitude and direction of the weighted mean effect size did
not change when we included the single TM+ study that measured depression (d¢+ = 0.24,
95% CI =-0.12, 0.61; k=5).

Systolic and Diastolic Blood Pressure—All studies that assessed BP averaged
multiple readings; the number of readings ranged from an average of 2 of 3 readings during
a single visit3%42 up to measuring BP over 5 visits, 1-2 weeks apart and averaging the final
two visits.*0 There were no differences between TM and control groups on systolic (¢4 =
0.27,95% CI = -0.04, 0.57; k= 6) or diastolic (¢*+ = 0.28, 95% CI = -0.02, 0.59; k= 6) BP
(see Table 2). The hypothesis of homogeneity was not supported for systolic (Q[5] = 16.29,
p=.006; F =69, 95% uncertainty limits = 28, 87) or diastolic (Q[5] = 10.92, p=.053; =
54, 95% uncertainty limits = 0, 82) BP, and the uncertainty limits for the 2 exceeded the
50% threshold. The magnitude and direction of the weighted mean effect size did not change
when we included the TM+ studies (systolic BP: ¢+ =0.16, 95% CI = -0.11, 0.42; k= 8;
O[7] = 22.90, p=.002; F = 69, 95% uncertainty limits = 36, 85; diastolic BP: ¢4+ = 0.15,
95% CI = -0.11, 0.42; k=8; Q[7] = 19.66, p=.006; F = 64, 95% uncertainty limits = 24,
83).

Cumulative Meta-Analysis—A cumulative meta-analysis was performed using the initial

date of data collection for each study (Table 3). Although TM-only interventions did not
differ statistically from controls, results showed the benefits of TM-only on systolic and
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diastolic BP improved over time with the Cls surrounding the effect size estimates
narrowing as the data accumulated. The cumulative meta-analysis also shows that TM-only
interventions for patients with CVVD were last reported in the mid-2000s with data collection
commencing an average of 9 years (SD = 4) earlier. Results from TM+ studies (not included
in the cumulative forest plot) were last published in 2015 with data collection commencing
an average of 7 years (SD = 1) earlier.

3.7 Synthesis of Results for Exploratory Within-Groups Analyses

Pre- to post- changes were assessed for TM and controls. Results indicated that individuals
with CVD who received a TM intervention demonstrated improvements in systolic (¢4 =
0.31, 95% CI =0.03, 0.59, k= 6) and diastolic (¢4 = 0.53, 95% Cl = 0.14, 0.92, k= 6) BP at
post-test. Heterogeneity for systolic BP (Q[5] = 22.99, p<.001; /= 78, 95% uncertainty
limits = 52, 90) and diastolic BP (Q[5] = 16.63, p <01; # = 70, 95% uncertainty limits =
30, 87) was evident, and the uncertainty limits for the 2 exceeded the 50% (diastolic BP)
and 75% (systolic BP) threshold. Systolic (¢+ = 0.06, 95% CI = -0.20, 0.31, A= 6) and
diastolic BP was not reduced (&+ = 0.24, 95% CI = -0.02, 0.50, kA = 6) in the control groups.
The hypothesis of homogeneity was not supported for systolic (Q[5] = 29.21, p<.001; F =
83, 95% uncertainty limits = 64, 92) or diastolic (Q[5] = 10.41, p=.064; F =52, 95%
uncertainty limits = 0, 81) BP. The magnitude and direction of the changes did not differ
when including studies using a TM+ approach for TM (systolic: ¢4+ = 0.35, 95% CI = 0.08,
0.61; k= 8; diastolic: &+ = 0.53, 95% CI = 0.19, 0.88) or controls (systolic: ¢+ =0.20, 95%
Cl =-0.04, 0.43; k= 8) with one exception: diastolic BP was improved in the control group
(diastolic: &+ =0.37, 95% CI = 0.10, 0.64).

Although three studies reported improvements in depression in the TM group37:49:43 and
two studies reported improvements in the control group,37:38 depressive symptoms did not
improve within the TM-only (d* = 0.21, 95% CI = -0.12, 0.54; k= 4) or control (d¢*+ =
-0.10, 95% CI = -0.51, 0.31; k= 4) groups. The magnitude and direction of the weighted
mean effect size did not change when we included the single TM+ study that measured
depression (TM: o+ = 0.14, 95% CI = -0.16, 0.43; k= 5; controls: o+ = —-0.12, 95% CI =
-0.50, 0.26; k=5).

3.8 Moderators of Between-Group Differences in Systolic and Diastolic BP

Moderator tests focused on between-group changes in systolic BP, diastolic BP, and
depressive symptoms. Moderator tests assessed whether (1) age, (2) gender (proportion
women), and (3) TM delivered as a stand-alone intervention (TM-only) versus alongside
additional components (e.g., health education; TM+) explained the variability in the overall
weighted mean effect sizes for systolic BP, diastolic BP, or depressive symptoms.

Sample Characteristics—Mean age of the sample was not a moderator of the effect of
systolic BP, diastolic BP, or depression (ps =.316). The proportion of women in the sample
was also not a significant moderator of BP or depressive symptoms (ps = .091).

TM with Additional Components—Examination of the delivery of TM-only versus TM
plus additional components (TM+) revealed no differences in the overall weighted mean
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effect sizes for systolic BP between the TM and the TM+ groups (@ [1] = 3.52, p=.060).
Compared to TM+, TM-only was more effective in reducing diastolic BP relative to controls
(@ [1] = 6.36, p=.012). Differences between TM and TM+ could not be assessed as only a
single TM+ study measured depression.

3.9 Methodological Quality and Risk of Publication Bias

The mean MQ rating was 19 (SD = 1.5; range = 16-21). Studies met an average of 76% of
the MQ criteria. MQ did not predict systolic BP, diastolic BP, or depression (ps=.091). See
Supplementary Materials 3 complete details on the MQ assessment. The risk of publication
bias was not assessed using visual and statistical methods in line with recommendations
cautioning against evaluating the risk of bias when outcomes with fewer than 10 effect sizes
are available.4

4. DISCUSSION

The use of meditation, including TM, is increasingly popular among U.S. adults, including
patients living with CVD.#849 Understanding the benefits and risks of TM is critical for
improving patient-care. This meta-analysis extended prior meta-analytic reviews on TM by
exclusively evaluating samples with CVD, examining the effects of TM on depression, and
providing a cumulative meta-analysis of the research conducted to date. Nine studies
comparing TM to a control group were included; seven studies examined TM as a stand-
alone intervention and were analyzed separately from two studies evaluating TM plus other
intervention components. Between-group analyses indicated no difference between TM and
controls on any outcome. Cumulative meta-analysis revealed that the differences in BP
between TM and control groups have improved over time. Exploratory within-group
analyses demonstrated small to moderate improvements in systolic and diastolic BP among
patients who received a TM intervention but no improvements in controls.

The small to moderate improvements noted within groups receiving TM alone converges
with prior meta-analyses identifying BP reductions following TM.50:51 Mean changes in
systolic (3.46 mmHg) and diastolic BP (3.75 mmHg) in the TM group were observed
compared to controls (1.26 mmHg and 2.43 mmHg, respectively). The findings support the
Class 1B level of evidence recommended within the AHA statement on integrative methods
to reduce BP.13

TM may lead to reduced BP through several pathways. First, TM may improve autonomic
balance. Chronic or recurrent acute stressors contribute to sympathetic arousal including
elevated BP.52 Conversely, practices such as TM, which can lead to the “relaxation
response,” can dampen the effects of chronic sympathetic arousal for individuals with stress-
related conditions or elevated BP.52:53 Second, TM may reduce perceived stress, which may
contribute to high BP through behaviors such as poor medication adherence® or dietary
control. Participants in the TM groups may have experienced less distress and improved
medication adherence but we could not test this hypothesis given that most studies did not
report stress or medication adherence. Only two studies assessed changes in diet but these
studies did not measure BP.
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However, because between-group changes were not significant, the current results must be
interpreted with caution. Most studies reported equivalent proportions of medication use
across groups at baseline and, thus, differences in baseline medication use are unlikely to
explain the absence of between-group differences. In contrast, prior reviews and meta-
analyses evaluating TM in broader populations have reported between-group differences.
11,50,51 This difference may be explained by methodological differences. For example, we
included studies not evaluated in prior meta-analyses.36:39.40 Prior meta-analyses also
examined a broader range of ages (e.g., adult and non-adult samples) and conditions (i.e.,
CVD and non-CVD),%9:51 which allowed prior investigators to include a larger number of
studies with additional power to detect small effects. In contrast, we restricted the present
analyses to adults with CVD to address a more specific research question. Furthermore, our
cumulative meta-analysis suggests that studies appear to be trending towards a reduction in
systolic and diastolic BP over time but new studies are needed to determine whether the
treatment benefits of TM outweigh standard care. Thus, additional RCTs with larger samples
and increased power may be needed to reveal a between-groups effect in populations with
existing CVD.

Between- and exploratory within-group results also revealed no significant changes in
depressive symptoms. However, no studies reported details on depression treatment and the
small number of studies reporting depression symptoms may have limited power to test for
effects. The current meta-analysis did not evaluate other psychological outcomes (e.g.,
anxiety, stress) given the paucity of studies reporting on such outcomes. Due to the
importance of psychological factors for cardiovascular health, as well as increased
popularity of mind-body practices to alleviate distress, studies measuring depressive
symptoms and other measures of psychological health are needed.

Moderator analyses indicated a difference between TM and TM+ interventions with respect
to diastolic BP; that is, greater diastolic BP reductions were observed when TM was
delivered as a stand-alone intervention. This finding should be with interpreted with caution
given the small number of studies involved. No other sample characteristics (i.e., age,
gender) emerged as moderators. The length of time between TM training and the post-
intervention assessment varied widely and subgroup analysis based on timing of assessments
was limited by the number of studies. Only two studies reported assessments that occurred
less than six months following TM training. Medication changes and adherence to TM
practice were not reported consistently to allow for evaluation of the impact on results.

Overall, these results should be interpreted carefully due to several limitations. First, the
number of outcomes we could examine was limited because few studies reported outcomes
other than BP. For example, only one study reported on heart rate variability3® and two
studies reported on mortality.#2-44 Additional measures of cardiovascular health will allow
for a more comprehensive evaluation of the efficacy of TM. Also, only a single study
reported including biomarkers of stress (e.g., cortisol).3” It is important that future studies
measure stress to ensure that individuals with elevated stress, who would be expected to
benefit from stress management interventions, show improvements. Second, we were unable
to perform several planned moderator analyses because studies were limited by study and
sample characteristics (e.g., we were unable to examined race as a moderator given that all
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studies reporting on race/ethnicity sampled African Americans exclusively). Third, our
analyses were restricted to a single observation from each study. If future studies with longer
follow-up are conducted, the duration of the effects can be evaluated. Fourth, within-group
changes were assessed to determine if the TM group improved over time but the findings
from the within-group analyses should be interpreted cautiously considering known threats
to internal validity (e.g., history or testing effects). Finally, many studies had small samples,
which contributes to less precise effect estimates.

5. CONCLUSION

Overall, our meta-analysis revealed limited evidence to support the use of TM in adults with
existing CVD. Modest improvements in systolic and diastolic BP were observed within-, but
not between-, groups. Thus, consistent with the AHA statement, we conclude that TM
possibly represents an adjunctive BP reduction strategy for patients with CVD. However,
TM should clearly be complementary and not a stand-alone intervention. Given the recent
surge of interest in mindfulness-based interventions, it was surprising that there has been a
dearth of research on TM for samples with CVD in the past decade. Additional research is
needed to establish efficacy of TM to lower BP compared to other active interventions, to
understand the mechanisms of change, and to determine whether TM can lead to enduring
improvements in cardiovascular health. Such studies should sample a wider range of adults
with CVD (e.g., non-Hispanic Whites and Blacks from a range of domestic settings) with
multi-institutional research teams, measuring a range of psychological, physiological, and
CVD-specific outcomes, with multiple follow-up assessments to fully understand the effects
of TM in U.S. adults living with CVD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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