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Abstract

Background Individuals with cardiovascular disease
(CVD) report psychological distress and poor physical
functioning and may benefit from mindfulness training.
Purpose To examine the effects of mindfulness-based
interventions (MBIs) on psychological and physiological
measures in adults with CVD using meta-analysis.

Methods Comprehensive searches identified studies that
(a) evaluated MBIs in adults with CVD or who had ex-
perienced a cardiac event, (b) included a comparison
condition, and (c) assessed psychological (e.g., anx-
iety and depression) or physiological (e.g., systolic or
diastolic blood pressure [BP]) outcomes. Independent
raters coded methodological (e.g., design and quality)
and intervention features (e.g., intervention content) as
potential moderators. Weighted mean effect sizes (d,),
using full information maximum likelihood estimation,
were calculated.
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Results Of the 1,507 records reviewed, 16 studies met
inclusion criteria (N = 1,476; M age = 56 years; 40%
women). Compared to controls, participants who re-
ceived an MBI reported greater improvements in psycho-
logical outcomes (i.e., anxiety, depression, distress, and
perceived stress: d,s = 0.49 to 0.64). MBI recipients also
reduced their systolic (d, = 0.89, 95% confidence interval
[CI] = 0.26, 1.51; k = 7) but not diastolic (d, = 0.07, 95%
CI =—-0.47, 0.60; k = 6) BP relative to controls.
Conclusions MBIs demonstrated favorable effects on
psychological and physiological outcomes among adults
with CVD. Future research should investigate if such
benefits lead to improvements in disease outcomes in
studies with longer follow-ups.

Keywords Mindfulness ¢« Cardiovascular disease * Stress
* Adults * Meta-analysis

Introduction

Psychological distress is prevalent among individuals
with established cardiovascular disease (CVD) and con-
tributes to poor outcomes such as greater risk of car-
diovascular events and mortality [1]. Stress management
interventions (SMIs) are often recommended to reduce
psychological distress and improve coping among pa-
tients with CVD [2]. SMIs aim to reduce distress asso-
ciated with the physical symptoms of CVD and to assist
with the adjustment process after a cardiac event. Prior
reviews show that SMIs have a small to moderate effect
on psychological outcomes among patients with CVD
[3, 4] but the effects on physiological markers are un-
clear. The broad range of SMIs included in these reviews
(e.g., cognitive behavioral therapy, yoga, and mindful
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meditation) also makes it difficult to know which ap-
proaches are helpful [5].

There has been growing interest in the use of SMIs,
including mindfulness-based interventions (MBIs), to
alleviate psychological distress and improve physical
health outcomes. The overarching goal of MBIs is to
increase mindfulness—that is, an individual’s attention
and awareness to his or her present moment experiences
nonjudgmentally [6]. Mindfulness training strengthens
metacognitive awareness (i.e., the self-reflective capacity
to monitor mental experience), allowing participants to
shift their perspective (“reperceiving”) and reduce emo-
tional reactivity [7-10]. Thus, mindfulness can mitigate
stress appraisals reducing the stress-reactivity response
[11]. From a psychoneuroimmunological perspective,
strategies to manage stress—including mindfulness—
can improve coping skills and psychological functioning
complemented by a normalization of the autonomic
nervous system leading to hormonal changes, improved
immune functioning, and slower disease progression (cf.
[12]). Therefore, mindfulness is one stress management
strategy that may be beneficial for patients with CVD.

Meta-analyses confirm the psychological benefits of
MBIs in both healthy and unhealthy populations [13—
15]. Pooled evidence indicates small to medium effects on
psychological-related outcomes (anxiety and depression)
in clinical populations [13]. A meta-analysis of MBIs
among individuals with vascular diseases, including car-
diovascular conditions, demonstrated equivalent effects
on psychological outcomes, including anxiety, depres-
sion, and stress, but the effects of MBIs on physiological
markers, such as blood pressure (BP), were mixed [16].
Finally, a meta-analysis evaluating the efficacy of a
broad range of mind-body practices, including two (out
of 11) randomized controlled trials (RCTs) delivering
an MBI, showed improvements in both psychological
outcomes (anxiety and depression) and physiological
markers (systolic and diastolic BP) [17].

Given the role that heightened sympathetic activation
plays in the physiopathology of CVD [18], the relaxation
response induced by MBIs [19] may be beneficial for CVD
patients. Others have hypothesized that MBIs may not only
improve coping processes and psychological outcomes but
may improve other CVD risk factors [6, 9]. Yet, the effects
of MBIs exclusively among CVD patients have been rela-
tively unexplored. The current meta-analysis was designed
to examine the effects of MBIs on psychological outcomes
and physiological markers in adults with CVD.

Methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement [20]

guidelines (see Supplementary Material 1). Included
were studies that (a) evaluated a MBI in adults with CVD
or who had experienced a cardiac event, (b) included a
comparison group, and (c) assessed psychological out-
comes (anxiety, depression, perceived stress, and distress)
or physiological markers (systolic or diastolic BP).

Studies were identified by searching 10 electronic bib-
liographic databases using a Boolean search strategy (see
Supplementary Material 2 for the search string used for
each database searched). Searches were conducted in
December 2016 and updated in January 2018. No re-
strictions (e.g., language and geographical location) were
applied. We also reviewed reference lists, databases of
funded research and clinical trials (N/H RePORTER,
clinicaltrials.gov), and relevant journals (e.g., Journal
of the American Medical Association). All bibliographic
records were screened based on title and abstract. Full-
text manuscripts of potentially relevant records were re-
trieved and reviewed for inclusion. Research reported in
multiple records were linked in the database and repre-
sented as a single unit.

Relevant study information (e.g., publication year),
sample characteristics (e.g., age and heart condition),
design (e.g., RCT), intervention details (e.g., sessions
and delivery method), and intervention components
(e.g., relaxation exercises) were extracted by two inde-
pendent coders (MLD, BB, MMF, JD) using detailed
coding forms. Coders also assessed the methodological
quality (MQ) of each study using 17 items (total score
25) adapted from validated measures [21-24]. Four
authors were contacted for additional information;
only one author provided the information requested.
Interrater reliability was assessed: for categorical vari-
ables, raters agreed on 93% of the judgments (M Cohen’s
Kk = 0.86), and reliability for continuous variables yielded
an average intraclass correlation coefficient of 0.96
across categories (Mdn = 1.00). Discrepancies were re-
solved by coders, and the final data were verified by the
principal investigator (PI) (LAJSS).

The study outcomes of interest included psychological
outcomes (anxiety, depression, distress, and perceived
stress) and physiological markers (systolic and dia-
stolic BP). Psychological outcomes were assessed using
validated self-report measures (e.g., Hospital Anxiety
and Depression Scale [25]); physiological markers were
assessed using objective measures (e.g., sphygmoman-
ometer). Summary effect sizes (ESs) were calculated as
the standardized mean difference between the MBI and
comparison groups, controlling for baseline [26, 27]. All
ES estimates were corrected for sample size bias [28].
Positive ESs indicated that psychological outcomes (e.g.,
fewer depressive symptoms and less distress) or physio-
logical markers (e.g., lower systolic BP) were improved in
the MBIs compared to controls. Two independent coders
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calculated ESs for each study; discrepancies between
coders were resolved through discussion, corrected, and
finalized.

Weighted mean ESs (and corresponding 95% con-
fidence intervals [CIs]) were calculated using random-
effects procedures following full information maximum
likelihood methods to estimate the between-study vari-
ance [29, 30]. Heterogeneity was assessed by computing
0; a significant Q indicates a lack of homogeneity and
an inference of heterogeneity. To assess outcome consist-
ency across studies, we calculated the * index and its cor-
responding 95% ClIs [31, 32]. The I* values of 25%, 50%,
and 75% are considered to be low, medium, and high het-
erogeneity, respectively [33]. All analyses were conducted
in Stata 15.1 [34] using published macros [29].

Results

Of the 1,507 records reviewed, 16 studies and 14 supple-
mental manuscripts providing additional study details or
data met inclusion criteria (details of the study selection
can be found in Supplementary Fig. 1).

Study, Sample, Intervention, and Design Characteristics

Study, sample, intervention, and design characteris-
tics can be found in Supplementary Table 1. Studies
were published (or available) between 1995 and 2017
(M =2,012,SD = 5.67) and conducted in North America
(five in United States and one in Canada), Europe (two in
The Netherlands, one in Ireland, and one in Spain), and
Asia (two in Iran, two in India, one in China, and one
in South Korea). Participants were typically recruited
from clinics or hospitals (k =13); two studies used mul-
tiple recruitment methods (clinical contact, posted flyers,
and newspaper advertisements) and one study recruited
teachers from postsecondary schools. Samples included
1,476 adults (M,,, = 56 years; 40% women; 76% White;
71% married) who consented to participate in the studies
with an average retention rate of 81% (SD = 0.15) at
follow-up. Studies most often included patients diag-
nosed with coronary heart disease (kK = 10); two studies
sampled patients with hypertension, one study involved
heart failure patients, and the remaining three studies
sampled patients with multiple CVD conditions. Of the
10 studies describing patients’ ongoing treatment, most
reported pharmacological therapy (k = 5), cardiac re-
habilitation (k =2), and diet/exercise modifications (k
=2). One study reported that none of the participants
were using pharmacological therapy.

All MBIs were designed for adults living with a
CVD condition, and three interventions were targeted
to patients who had undergone percutaneous coronary

intervention or who had an implantable cardioverter de-
fibrillator. MBIs were also targeted to women or men
and adults meeting criteria for a current major depres-
sive episode. The types of MBIs included mindfulness-
based stress reduction (MBSR; k£ =10), mindfulness
meditation (k = 3), mindfulness-based cognitive therapy
(MBCT; k = 1), or a combined MBSR/MBCT (k = 2).
MBIs were typically delivered over a median of nine
sessions (range = 3-24) with a median total dose of
16 hr (range = 4-60). MBIs were typically delivered in
groups except for three studies which delivered the MBI
individually in-person, online, or via telephone. Home
practice was emphasized for most of the MBIs (k = 13);
participants were expected to practice at home for a me-
dian of 56 days (M = 53, SD = 27; range = 3-108) with
a median of 30 min of practice per day (M =32, SD =9;
range = 19-45).

All studies used an independent control group design
with pretest—post-test assessments (14 RCTs; 2 non-
RCTs). The control conditions reported were wait-list
or assessment-only (38% of studies), treatment as usual
(31%), or an active comparison group (e.g., support
group; brief education; 31%). The active comparison
conditions were delivered over a median of nine sessions,
each lasting 60 min. The median number of post-
intervention follow-up assessments was 1 (range = 1-3).
Assessments were conducted at immediate post-test
through 44 weeks post-intervention; only five studies
measured outcomes at a delayed post-intervention as-
sessment. Therefore, the first post-intervention assess-
ment was used in analyses (Mdn = 0 weeks; range = 0-4).
Studies satisfied an average of 62% (SD = 9%) of the
MQ criteria, with scores ranging from 10 to 19 (M = 16,
SD = 2) out of 25. There were no differences for any of
the outcomes based on the proportion of MQ criteria
satisfied, ps > .38.

Synthesis of Results

Participants who received the MBI reported significantly
greater reductions in psychological outcomes (i.e., anxiety,
depression, distress, and perceived stress) relative to controls
(d s =0.49-0.64). The hypothesis of homogeneity was par-
tially supported for distress (Q [4] = 5.68, p = .224; F = 30)
but not for anxiety (Q [8] = 25.96, p < .001; F = 69), depres-
sion (Q [8] = 17.20, p = .028; F = 53), or perceived stress
(0[5] = 16.83, p = .005; F = 70), and uncertainty limits for
the F test were wide for all psychological outcomes and
exceeded the 50% threshold. Forest plots for systolic and
diastolic BP appear in Table 1. Participants who received
the MBI had greater improvements in systolic (but not dia-
stolic) BP, d, = 0.89 (95% CI = 0.26, 1.51). The hypoth-
esis of homogeneity was not supported (Q [6] = 40.15, p
< .001; F = 85, 95% CI = 71, 92), indicating significant
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heterogeneity across studies (diastolic BP: d, = 0.07, 95%
CI=-0.47,0.60; Q[5]=3.65,p=.601; F =0,95% CI =0,
83). We found no between-group difference on any of the
psychological or physiological outcomes among the five
studies assessing outcomes at a delayed postintervention
assessment (data not shown). Because few ESs (<10) were
available for each outcome, we could not conduct formal
tests (i.e., funnel plot asymmetry and trim and fill) to
examine publication bias [35].

Discussion

This meta-analysis examined the effects of MBIs on
psychological and physiological measures in adults
with CVD. Sixteen studies with 1,476 adults comparing
MBIs to a control group were evaluated. Participants re-
ceiving the MBI reported greater improvements in psy-
chological outcomes (i.e., anxiety, depression, distress,
and perceived stress) relative to controls. MBIs also sig-
nificantly improved systolic BP. The magnitude of ESs
ranged from medium to large (d+ = 0.49 to 0.89). These
findings were observed, however, only at the immediate
postintervention assessment and were not maintained
over time, as there were no significant differences in psy-
chological or physiological outcomes between MBIs
and controls in the five studies reporting follow-up as-
sessments. These findings were consistent with prior
meta-analyses showing the short-term psychological and
physiological benefits of MBIs across a broad range of
chronic diseases [16, 36]. Therefore, our meta-analysis
shows that mindfulness training has psychological and
physiological benefits, specifically in adults with CVD,
and is reasonable to be considered as a complementary
treatment in routine clinical care.

Mindfulness is hypothesized to improve CVD by
enhancing participants’ attention control, self-awareness,
and emotion self-regulation but studies evaluating the
benefits of MBIs among individuals with CVD have
been limited [9]. Prior meta-analyses evaluated the effi-
cacy of (a) MBIs in a broad range of clinical populations,
including patients with CVD [16, 36], or (b) mind-body
practices, including MBIs, among patients with CVD
[17]. This is the first meta-analysis, to our knowledge,
that evaluated MBIs specifically for people living with
CVD. In this meta-analysis, we show that M BIs improved
short-term psychological outcomes. Teaching patients to
manage psychological distress is critical given the known
impact of chronic stress on CVD progression [37]. For
example, prior research shows that patients with CVD
and co-occurring depression are more likely to experi-
ence worse outcomes than patients who are not depressed,
and reducing depressive symptoms may be associated
with reductions in mortality risk [38]. Results from this
meta-analysis shows that MBIs are a promising approach

to alleviate short-term psychological distress (i.e., anxiety
and depression) associated with the management of CVD.

Mindfulness meditation can also lead to autonomic
nervous system changes by lowering sympathetic ac-
tivity and activating parasympathetic activity, which
may explain the observed effect of MBIs on systolic
BP [39]. Our meta-analysis showed that participants
provided with a MBI reduced systolic BP relative to
controls. We found that patients in the MBIs had a
14 mm Hg mean reduction in systolic BP, whereas
controls had a 5 mm Hg mean reduction (@, [1] = 4.06,
p = .044). This finding is consistent with prior research
showing that mindfulness meditation produces statis-
tical and clinically significant reductions in systolic BP
[40]. We did not find significant between-group changes
in diastolic BP, which is consistent with the prevalence
of isolated systolic hypertension in adults aged 50 or
older [41]. In fact, none of the samples had diastolic
hypertension defined as diastolic BP > 90 mm Hg at
baseline (range = 72-87 mm Hg for MBIs; 68-86 mm
Hg for controls). Therefore, MBIs are a promising ad-
juvant approach to lowering systolic BP among adults
living with CVD. Future research evaluating studies
measuring BP with longer follow-ups will be necessary
to determine whether changes in systolic BP are sus-
tained over time.

Several limitations should be considered when
interpreting these findings. First, this meta-analysis was
limited by amount of the information reported in the
studies. We intended to evaluate the efficacy of MBIs
on stress processes (e.g., problem- and emotion-focused
coping), other physiological markers (e.g., heart rate vari-
ability), and clinical outcomes (e.g., rehospitalizations
and deaths) associated with cardiovascular disease, but
we were unable to do so due to the limited number of
studies assessing these outcomes. For example, only four
studies measured (or reported) resting heart rate or heart
rate variability even though heart rate that is low and
variable is associated with lower cardiovascular risk [42].
Second, we were unable to statistically assess publication
bias given the limited number of studies available per
outcome (i.e., <10) [35]. Finally, we were unable to as-
sess the long-term impact of MBIs on psychological out-
comes and physiological markers because most studies
(k= 11) included only an immediate postintervention as-
sessment. Longer duration of follow-up would allow for
more time to determine the potential long-term benefits
of MBIs in this population.

Conclusions
MBIs are a promising approach for the management of

psychological distress and physical health outcomes among
adults with CVD. Findings from this meta-analysis revealed
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short-term psychological and physiological benefits of
MBIs but the long-term effects of MBIs on these outcomes
has not yet been established. Based on this meta-analytic re-
view, a Class IIB, Level of Evidence, a recommendation for
MBIs among CVD patients is supported (cf. [43]). Future
research using an RCT design should investigate whether
such benefits lead to improvements in disease outcomes in
studies with longer follow-ups.

Supplementary Material

Supplementary material for this article is available on the
Annals of Behavioral Medicine website.
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