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Abstract

Background—Mindfulness (the ability to attend nonjudgmentally to one’s own physical and
mental processes) is receiving substantial interest as a potential determinant of health. However,
little is known whether mindfulness is associated with cardiovascular health.

Purpose—The aim of this study is to evaluate whether dispositional mindfulness is associated
with cardiovascular health.

Method—Study participants (n=382) were from the New England Family Study, born in
Providence, RI, USA, with mean age 47 years. Dispositional mindfulness was assessed using the
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Mindful Attention Awareness Scale (MAAS). Cardiovascular health was assessed based on
American Heart Association criteria. Cross-sectional multivariable-adjusted log binomial
regression analyses were performed.

Results—Analyses demonstrated that those with high vs. low MAAS had prevalence ratio (PR)
for good cardiovascular health of 1.83 (95 % confidence interval (CI) 1.07, 3.13), adjusted for age,
gender, and race/ethnicity. There were significant associations of high vs. low mindfulness with
non-smoking (PR=1.37, 95 % CI 1.06, 1.76), body mass index <25 kg/m? (PR=2.17, 95 % Cl
1.16, 4.07), fasting glucose <100 mg/dL (PR = 1.47, 95 % CI 1.06, 2.04), and high physical
activity (PR = 1.56, 95 % CI 1.04, 2.35), but not blood pressure, total cholesterol, or fruit/
vegetable consumption. Exploratory mediation analyses suggested that sense of control and
depressive symptomatology may be mediators.

Conclusion—This study demonstrated preliminary cross-sectional evidence that dispositional
mindfulness is positively associated with cardiovascular health, with the associations particularly
driven by smoking, body mass index, fasting glucose, and physical activity. If in future research
mindfulness-based practices are found to consistently improve cardio-vascular disease risk factors,
such interventions may have potential to strengthen effects of cardiovascular health promotion
programs.
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Introduction

Cardiovascular disease (CVD) remains the primary cause of mortality worldwide [1].
Historically, CVD incidence has typically increased as societies became more industrialized,
due in part to creating conditions that foster easier access to palatable, calorie-dense foods,
cigarettes, and sedentary life-styles [2]. In these settings, there are concerns with craving and
addiction to high caloric palatable foods, sedentary activities (e.g., electronic screen use),
and smoking [3-5]. Recent preliminary findings suggest mindfulness may help curb these
CVD risk behaviors [5-19].

Mindfulness can be defined as the ability to attend in a nonjudgmental way to one’s own
physical and mental processes during ordinary, everyday tasks [20]. “Dispositional
mindfulness” has been considered to be an inherent, yet modifiable, trait, where all people
have varying capacities to attend and to be aware of what is occurring in the present moment
[21]. Dispositional mindfulness is likely influenced by both genetic and environmental
factors [22]. Consequently, it is useful to understand associations of this naturally occurring
trait with CVD risk. If such associations exist, they would provide the basis for investigating
dispositional mindfulness as a target to improve cardiovascular health. Dispositional
mindfulness appears to be modifiable, and a number of mindfulness-based interventions
have been developed [22]. Mindfulness-based interventions have been shown to be effective
in relapse prevention for substance use, including smoking [6, 23]. The interventions may
work in part through improving self-regulation and sense of control, where sensations and
thoughts are noted but not always acted upon [24]. Mindfulness may help people to take a
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step back from their thoughts, sensations, and emotions (called reperceiving) and notice that
their thoughts, sensations, and emotions (e.g., craving for ice cream or a cigarette) are
passing events not needed to act on [24, 25]. Furthermore, it may work in part through
improvements in self-awareness (e.g., increased awareness of one’s sedentary lifestyle and
its effects on well-being) [24]. In addition, mindfulness may help improve mental health,
where depressive symptomatology has been demonstrated in randomized controlled trials
(RCTs) to improve using mindfulness-based interventions [26]. Depression itself isa CVD
risk marker and may influence CVD behavioral risk factors [27-29].

In measuring CVD risk, the American Heart Association recommended assessing
cardiovascular health, where ideal cardiovascular health is defined as healthy levels of seven
CVD risk factors, specifically blood pressure, total cholesterol, fasting glucose, body mass
index, smoking, diet, and physical activity [30]. This may be a particularly useful construct
for measuring cardiovascular effects of mindfulness, as mindfulness may have specific
effects on different CVD risk factors, depending on the particular genetics, environment, and
personality of each individual. For example, someone who grew up in a household with
parents who smoked may have particular use of mindfulness to notice deeply entrenched
norms of smoking within themselves and be aware of these thoughts and sensations as they
arise, but not act on them to actually initiate smoking. For another person who has a
predisposition to toward consumption of sweet, fatty foods, mindfulness may be useful to
notice cravings for high caloric palatable foods, and let those thoughts pass. In this way,
assessing cardiovascular health evaluates overall cardiovascular effects of mindfulness that
may influence multiple CVD risk factors.

Associations of dispositional mindfulness with cardiovascular health to our knowledge have
not yet been investigated. Furthermore, potential mediating mechanisms between
mindfulness and cardiovascular health, such as sense of control and depression, have not
been explored. Consequently, the primary objective of this study was to evaluate whether
dispositional mindfulness is associated with cardiovascular health. Secondary objectives
were to assess which components of cardiovascular health may be driving any observed
associations of mindfulness with cardiovascular health. Further exploratory objectives that
are hypothesis generating, given the cross-sectional nature of the data, were to evaluate
potential mediators such as sense of control and depressive symptomatology.

Study participants were from the New England Family Study (NEFS), which includes
17,921 offspring of pregnant women in the Collaborative Perinatal Project (CPP), born at
the Providence, RI, and Boston, MA, sites (USA) between 1959 and 1974 [31]. The current
NEFS sub-study, named the Longitudinal Effects on Aging Perinatal (LEAP) Project, was
composed of Providence-born participants. Participants were assessed during 2010-2011.
There were 1,400 participants randomly selected with preference for racial/ethnic minorities,
of which 796 participants were eligible for assessment (i.e., not deceased, not incarcerated,
had assessments taken at age 7 years, and were located and lived within 100 mi of the
clinical assessment site). Of the 796 eligible participants, we were unable to establish
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contact with 274 (34 %) of participants within the relatively brief 13-month data collection
period, leaving 522 participants who were contacted and invited to participate in the study.
Of the 522 participants, 19 % (n=95) refused to participate in the study, and a further 5%
(n=27) agreed to participate but were unable to schedule assessments within the data
collection period. This left 400 participants on whom assessments were made. In this sample
(n=400), 23 % (n=122) of participants were non-white (95 black participants, 13 Native
American, and 14 other race/ethnicity). We excluded nine participants who did not complete
the Mindful Attention Awareness Scale (MAAS), eight missing data for the covariate
educational attainment, and five missing information on sense of control, resulting in a total
of 18 participants excluded. Accordingly, the sample size was 382 participants, which
represented 48 % of the eligible population. Of the 400 participants assessed, included
(n=382) participants were similar to excluded (n=18) participants for the MAAS score (4.7
vs. 5.0, respectively), good cardiovascular health (24.4 vs. 22.2 %, respectively), and
covariates including age, sex, depressive symptomatology, education, smoking, total
cholesterol, diabetes, systolic blood pressure, diastolic blood pressure, body mass index
(BMI), fruit/vegetable consumption, and physical activity (p>0.05). There was evidence of
differences between included (n=382) vs. excluded (n=18) participants for race/ethnicity
(66.5 vs. 35.5 % white race/ethnicity, respectively, p=0.004). Analyses comparing included
participants (n=382) with the 1,400 participants randomly selected from the original CPP
study showed significantly higher female participants in the included sample (57 vs. 52 %;
p=0.02) but no differences in race/ethnicity or age (p>0.05). The study protocol was
approved by the institutional review boards at Brown University and Memorial Hospital of
Rhode Island.

Independent Variable

The MAAS is a 15-item questionnaire of dispositional mindfulness in which respondents
indicate, on a six-point Likert-type scale (1=almost always to 6=almost never), their level of
awareness and attention to present events and experiences [21]. Sample MAAS items
include “I find it difficult to stay focused on what’s happening in the present,” “I break or
spill things because of carelessness, not paying attention, or thinking of something else,” and
“I could be experiencing some emotion and not be conscious of it until some time later”
[21]. The MAAS has been shown to have a single factor structure [21] and appears to
emphasize an element related to dissociation and absent-mindedness [32]. A mean score is
calculated (range 1.00-6.00), where higher scores reflect greater self-reported attention and
awareness, or “dispositional mindfulness.” The scale exhibits good internal consistency
(Cronbach’s a=0.82-0.87) and high test-retest reliability over a 1-month period (intraclass
correlation=0.81, p<0.0001) [21, 32]. The MAAS score has been shown to be positively
related to long-term meditation experience, where Zen meditators were shown to have
higher MAAS scores than age- and sex-matched community members [21], and Thai monks
showed higher MAAS scores than Thai or American students [33]. A systematic review and
meta-analysis showed randomized controlled trials that evaluate impacts of mindfulness
training on self-reported mindfulness scores, including the MAAS, show overall
improvements in self-reported mindfulness in relation to wait-list control groups, but not in
relation to active control groups [34]. The convergent and discriminant validity of the
MAAS has been evaluated, and it appears to tap a single construct where higher scorers on
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the MAAS tend to be more aware of and receptive to inner experiences and are more
mindful of their overt behavior [21]. High MAAS scorers are more aware of their emotional
states and able to alter them and are more likely to fulfill basic psychological needs [21].
Furthermore, higher MAAS scorers are less likely to be self-conscious, socially anxious and
ruminative than low scorers [21]. Questions about the defining characteristics of
mindfulness continue be discussed between scientists and traditional mindfulness
practitioners, some who feel current definitions do not fully reflect the classical intent of
mindfulness practices [35]. However, the MAAS is one of the most commonly used and
accepted mindfulness measures at this time [22].

Dependent Variable

Ideal cardiovascular health was defined by the American Heart Association as the absence
of clinically manifest CVD and simultaneous presence of optimal levels of all seven health
behaviors (smoking avoidance, physical activity, lean body mass, healthy diet) and health
factors (untreated total cholesterol <200 mg/dL, untreated blood pressure <120 mmHg
systolic/<80 mmHg diastolic, untreated fasting blood glucose <100 mg/dL) [36].
Measurement of cardiovascular health in this study was designed to be similar to the
American Heart Association definition and included the following ideal level definitions:
smoking, never smoker or quit >12 months ago; BMI, <25 kg/m?; total cholesterol, <200
mg/dL and no cholesterol medication; fasting glucose, <100 mg/ dL and no diabetes
medication; blood pressure, systolic <120 and diastolic <80 mmHg and no antihypertensive
medication; fruit/vegetable consumption, =5 servings of fruit and/or vegetables per day; and
physical activity, International Physical Activity Questionnaire category “high.” A
dichotomous cardiovascular health score was created based on American Heart Association
criteria [30], where good cardiovascular health was defined as >4 cardiovascular health
components at the ideal levels described above, and poor CV health was <4 cardiovascular
health components at ideal levels. Summing the number of cardiovascular health
components at ideal levels is a standard approach for studies on cardiovascular health [37].
The percent of participants who had 0, 1, 2, 3, 4, 5, 6, or 7 cardiovascular health components
at ideal levels was 7, 18, 27, 23, 16, 7, 2, and 0 %, respectively. Providing a cut-point of >4
cardiovascular health components at ideal levels represented 25 % of participants, providing
adequate statistical power for analyses.

Current smoking and past history of smoking were assessed via self-report. Glucose and
total cholesterol were measured enzymatically in plasma samples at CERLab (Harvard
Medical School, Boston, MA) with the Roche P Modular system using reagents and
calibrators from Roche Diagnostics (Indianapolis, IN), described elsewhere [38, 39]. These
assays are approved by the Food and Drug Administration for clinical use. CERLab is
certified by the Centers for Disease Control and Prevention/National Heart, Lung, and Blood
Institute Lipid Standardization Program. At cholesterol concentrations of 132.8 and 280.4
mg/dL, the day-to-day reproducibility (CV), was 1.7 and 1.6 %, respectively. Glucose at the
concentrations of 90 and 312 mg/dL showed day-to-day variability (CV) of 1.7 and 1.6 %,
respectively. Systolic and diastolic blood pressures were assessed by certified research
nurses using mercury sphygmomanometers, in seated participants with arms at heart level,
resting 5 min prior to assessment, consistent with American Heart Association guidelines
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[40]. The mean of the second and third blood pressure readings was used. Due to a lack of
micronutrient data for elaborate diet measures, we used fruit and vegetable consumption to
assess diet as it is an established determinant of cardiovascular disease; we utilized standard
criteria for a minimum of =5 fruit and/or vegetables consumed per day for the ideal category
[41]. Self-reported physical activity during the previous week was assessed using the
International Physical Activity Questionnaire Short Form with validation described
elsewhere [42, 43]. This questionnaire codes high physical activity as having =1 of the
following: (a) vigorous-intensity activity =3 days and accumulating =1,500 metabolic
equivalent of task (MET)-min/week; (b) =7 days of any combination of walking, moderate-
intensity or vigorous intensity activities achieving 23,000 MET-min/week.

Age was directly assessed via date of birth (recorded directly in this birth cohort), subtracted
from clinic visit date. Sex was self-reported. Race/ethnicity was self-reported in adulthood.
In rare cases that it was missing (n=11), race/ethnicity obtained prenatally from mother was
used. Depressive symptomatology was computed as the sum of responses from the ten-item
Center for Epidemiologic Studies Depression Scale (CES-D) (range 0-30) and
dicohotomized based on previously described scores of <10 vs. 210 [44]. Education was
categorized as <high school vs. >high school. Sense of control was assessed via the Pearlin
and Schooler Mastery Scale (range 7-35) with good internal consistency (Cronbach’s
a=0.71) and categorized as > vs. <the median score of 14, where higher scores represent
lower sense of control [45].

Analytic Methods

Multivariable-adjusted regression analyses evaluated associations of MAAS score with
cardiovascular health. Analyses prioritized calculating multivariable-adjusted prevalence
ratios utilizing log-binomial regression described elsewhere, given the data were cross-
sectional and outcome prevalence was >10 % [46]. Primary analyses utilized a categorical
exposure variable, called “MAAS score level.” Participants were likely to report fairly high
mindfulness levels, where the number of participants with MAAS score of 1.00-2.00, 2.01-
3.00, 3.01-4.00, 4.01-5.00, and 5.01-6.00 was 7 (1.8 %), 17 (4.5 %), 57 (14.9 %), 127 (33.3
%), and 174 (45.6 %), respectively. Consequently, we utilized MAAS score-driven cut-
points to allow for analyses to evaluate associations of low (MAAS score<4; n=77) and
medium MAAS levels (MAAS score 4-5; n=131), in relation to high MAAS levels (MAAS
score >5, n=174), all with reasonable sample sizes to allow for adequate statistical power.
Sensitivity analyses were performed using MAAS score quartiles and tertiles. The
dependent variable was dichotomous “good” vs. “poor” cardiovascular health, described
above. Statistical tests of a product term between mindfulness and sex, and mindfulness and
race/ethnicity, demonstrated no significant effect measure modification (p=0.50 and 0.82,
respectively); consequently, analyses were pooled by sex and race/ethnicity.

Multivariable regression analyses were adjusted for age, sex, and race/ethnicity. We further
assessed whether depressive symptomatology, sense of control, and education were potential
mediators in the association between mindfulness and cardiovascular health using formal
mediation methods based on the counterfactual framework, which allows for decomposition
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of a total effect into direct and indirect effects, even in models with interactions and
nonlinearities [47]. The indirect effect is the part of the total effect that operates through a
particular mediating pathway. Examining indirect effects provides evidence of whether
mindfulness may exert its effects uniquely through any of the potential mediators examined
in this study. Percentile based 95 % confidence intervals were estimated via bootstrapping
with 1,000 samples with replacement. Due to common issues of log-binomial models not
converging for mediation analyses [47], we utilized linear regression analyses evaluating
associations of MAAS level and each potential mediator, with number (range 0-7) of ideal
cardiovascular health components. Analyses were conducted using SAS version 9.2 (SAS
Institute, Cary, NC).

Descriptive unadjusted characteristics demonstrated significant associations of MAAS level
with age, depressive symptomatology, sense of control, smoking, and physical activity
(Table 1). Further descriptive characteristics are shown for covariates stratified by
cardiovascular health status in Table 2. These findings demonstrated significant associations
of cardiovascular health status with sex, race/ethnicity, depressive symptomatology, sense of
control, and education.

Multivariable adjusted log-binomial regression analyses demonstrated prevalence ratio (PR)
of 1.86 (95 % confidence interval (CI) 1.08, 3.19) for associations of high vs. low MAAS
level with good cardiovascular health, adjusted for age, sex, and race/ethnicity (Fig. 1).
Similar associations were found in analyses using MAAS quartiles or tertiles, where
prevalence ratios were 1.80 (95 % CI 1.09, 2.99) or 1.46 (95 % CI 0.95, 2.24), respectively
(Appendix Figs. 2 and 3).

Mediation analyses provided evidence of depressive symptomatology and sense of control,
but not education, as mediators. In these analyses, effect sizes represent regression beta
estimates for high or medium vs. low MAAS level, in relation to number (range 0-7) of
ideal cardiovascular health factors. The total effect of high vs. low MAAS level on
cardiovascular health was 0.69 (95 % CI 0.32, 1.05) additional ideal cardiovascular health
factors, adjusted for age, race/ethnicity, and gender (Table 3). Indirect effects for depressive
symptomatology, sense of control, and education were 0.26 (95 % CI 0.05, 0.48), 0.24 (95
% CI1 0.08, 0.44), and 0.04 (95 % CI —0.04, 0.14), respectively, additional ideal
cardiovascular health factors for high vs. low MAAS level. This demonstrated that 0.26,
0.24, and 0.04 of the 0.69 total effects may be mediated through depressive
symptomatology, sense of control, and education, respectively.

In order to evaluate if there were specific CVD risk factors that may be particularly
important for the observed associations of mindfulness with cardiovascular health, log-
binomial regression analyses evaluated associations of MAAS score level with each of the
seven cardiovascular health components, adjusted for age, sex, and race/ethnicity. Analyses
demonstrated significant associations of high vs. low mindfulness with ideal levels of
smoking (PR = 1.37, 95 % CI 1.06, 1.76), BMI (PR = 2.17, 95 % CI 1.16, 4.07), fasting
glucose (PR = 1.47, 95 % CI 1.06, 2.04), and physical activity (PR = 1.56, 95 % CI 1.04,
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2.35; Table 4). There were no significant associations of mindfulness with blood pressure,
total cholesterol, or fruit/vegetable consumption (Table 4).

Discussion

Results from these cross-sectional analyses provided preliminary evidence that dispositional
mindfulness is positively associated with cardiovascular health. Findings suggested that
sense of control and depressive symptomatology may be mediators. Furthermore, smoking,
BMI, fasting glucose, and physical activity appeared to be the most important cardiovascular
health components responsible for observed associations of dispositional mindfulness with
cardiovascular health. These findings, due to their cross-sectional nature, should be
interpreted with caution. Future longitudinal studies and mindfulness interventions will
provide stronger evidence on whether mindfulness influences cardiovascular health.
However, to our knowledge, no longitudinal data that can answer this question currently
exist; consequently, these findings are an early indication of possible associations.

Prior Literature

This study’s findings showing positive associations of dispositional mindfulness with
cardiovascular health to our knowledge are completely novel. Findings that demonstrated
mindfulness was associated with several of CV health subcomponents are in general
agreement with the limited amount of scientifically rigorous literature to date.

With regard to smoking, a recent systematic review found evidence that mindfulness-based
interventions were associated with significantly lower smoking outcomes in three of four
studies [6]. One of the most methodologically rigorous randomized controlled trials to date
demonstrated a 31 % smoking abstinence rate for those randomized to mindfulness training
vs. 6 % in the active control group at 17 weeks follow-up (p=0.012) [7]. Another study
showed that a mindful attention intervention reduced self-reported craving to smoking
images and reduced neural activity in a craving-related region of subgenual anterior
cingulate cortex [48]. These intervention findings are supported by a recent meta-analysis of
11 observational studies that showed significant inverse associations between dispositional
mindfulness and smoking (aggregate r=—0.14; p<0.001) [49] consistent with findings in the
current study.

With regard to obesity, to our knowledge, this is the first study to evaluate associations of
dispositional mindfulness with directly assessed BMI. However, a number of studies
evaluated impacts of mindfulness interventions on weight loss. A recent systematic review
stated that nine of ten mindfulness-based intervention studies demonstrated weight loss or
stabilized weight; however, the review included studies with and without control groups [5].
Another systematic review demonstrated weight loss in all six mindfulness interventions that
used control groups; however, effects were often not statically significant, likely in part due
to small sample sizes and low statistical power for most studies (n=27-108) [8]. There is
evidence of potential floor effects of interventions, where effects may be greatest in
participants of higher weight [12] and in participants who are currently attempting to lose
weight [9, 11]. These preliminary findings of mindfulness interventions associated with
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weight loss are consistent with the current study that showed inverse associations of
dispositional mindfulness with BMI.

For diabetes, although associations of dispositional mindfulness with fasting glucose or
diabetes have, to our knowledge, not been evaluated, a number of studies evaluated impacts
of mindfulness interventions on diabetes control. Studies found evidence of an effect of
acceptance and commitment therapy (ACT) on likelihood to have HbAlc in the target range
(HbA1C<7 %) [14], but no evidence of effect of mindfulness-based stress reduction
(MBSR) or mindfulness-based cognitive therapy (MBCT) on diabetes control [15]. The
current study adds to the small amount of literature on this topic evidence that dispositional
mindfulness may be positively associated with ideal fasting glucose levels.

Very little is known about associations of mindfulness with physical activity. One cross-
sectional study in 266 participants demonstrated dispositional mindfulness was positively
associated with being more successful at maintaining an exercise program at a YMCA [50].
The current study adds evidence to this limited field of knowledge that mindfulness may be
positively associated with physical activity.

With regard to the lack of association found in our study of mindfulness with blood
pressure, lipids and fruit and vegetable consumption, this study adds to the literature
showing mixed findings with blood pressure [17-19] and lipids [16], and to our knowledge,
no previous findings on associations of mindfulness with fruit and vegetable consumption.

Mechanisms

We explored three potential mediators of the association between mindfulness and
cardiovascular health, specifically sense of control, depressive symptomatology, and
education.

The current study found evidence of mediation for sense of control. It has been suggested
that mindful, compared to less mindful, people have greater awareness of their behavioral
routines and precursors driving behavior, and that because they pay greater attention to their
behaviors, they have improved abilities to initiate or prevent the behavior itself [21, 51-53].
For example, a prospective study found that participants with greater dispositional
mindfulness were more likely to enact their physical activity intentions than those with
lesser dispositional mindfulness [51]. With regard to depressive symptomatology, both
dispositional mindfulness and mindfulness interventions are related to more positive affect
including reduced anxiety and depression [21, 25, 26]. Negative affect, such as depressive
symptomatology, is one of the main risk factors for maintaining addictive behaviors such as
cigarette smoking [27] and is negatively related to CVD behavioral risk factors such as
adhering to dietary changes, smoking cessation recommendations, antihypertensive
regimens, and glycemic control recommendations [28]. Depression is itself a risk marker for
CVD [29]. The current study findings demonstrated evidence of depressive symptomatology
as a mediator between mindfulness and CVD risk. As mindfulness interventions have been
shown to improve test scores [54], education is a risk marker for CVD [55], and measures of
socioeconomic position such as education often have important impacts on study findings,
we felt it was worthwhile to evaluate education as a potential mediator. Results showed that
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mindfulness was not associated with education, and there was no evidence of mediation by
education in analyses.

Strengths and Limitations

As study participants were born in Providence, RI, findings may pertain more to urban-born
participants of the northeast region of the USA. Future larger, representative study samples
will provide more generalizable information. Additionally, the independent variable,
mediators, and dependent variable were measured based on cross-sectional study design, as
such analyses could not rule out associations between the exposure, mediators, and outcome
being due to reverse causation. Future longitudinal observational studies and mindfulness
randomized controlled trials will provide stronger evidence for causal inference. A further
limitation is that the assessment of mindfulness is without a gold standard, and there is
current debate on the accuracy of self-reported mindfulness [56, 57]. All scales, including
the MAAS, imperfectly measure the constructs at which they aim. The developers of the
MAAS consider it a tool of a developing science, not a finished product [56] (please see the
“Methods” section for a summary of MAAS construct validity). Finally, findings using self-
reported physical activity should be interpreted with caution as the validity of self-reported
assessments are substantially less than direct assessments of physical activity [43]. Strengths
of the study include accurate measurement of biological measures (e.g., lipids, glucose,
blood pressure, and BMI), using substantial internal and external quality control protocols.
Furthermore, novel causal mediation methods based on the counter-factual framework were
used [47].

Conclusion

This study demonstrated that mindfulness is positively associated with cardiovascular health
and that sense of control and depressive symptomatology may be mediating mechanisms.
Furthermore, smoking, body mass index, fasting glucose, and physical activity appeared to
be the most important drivers of observed associations of mindfulness with cardiovascular
health. These preliminary cross-sectional findings on associations of dispositional
mindfulness with cardiovascular health are hypothesis generating, and suggest that there
would be benefits of performing longitudinal research studies that evaluate whether
mindfulness-based interventions consistently improve cardiovascular risk factors and
outcomes with clinically relevant effect sizes.
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Fig. 1.
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MAAS Level
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Prevalence ratios (95 % confidence intervals) of good cardiovascular health according to
mindfulness level, adjusted for age, sex, and race/ethnicity. Point estimates represent
prevalence ratios of having >4 ideal cardiovascular health components per Mindful
Attention Awareness Scale (MAAS) level. MAAS levels represent the following MAAS
scores (range 1-6): Low, <4 (n=77), Medium, 4-5 (n=131), High, >5 (n=174)
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Prevalence ratios (95 % confidence intervals) of good cardiovascular health according to

mindfulness tertile, adjusted for age, sex, and race/ethnicity. Point estimates represent
prevalence ratios of having >4 ideal cardiovascular health components per Mindful

Attention Awareness Scale (MAAS) tertile. Tertiles 1 and 3 represent the lowest and highest

MAAS tertile, respectively. Sample sizes for tertiles 1, 2, and 3 are 128, 123, and 131,

respectively
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MAAS Quartile

Prevalence ratios (95 % confidence intervals) of good cardiovascular health according to
mindfulness quartile, adjusted for age, sex, and race/ethnicity. Point estimates represent
prevalence ratios of having >4 ideal cardiovascular health components per Mindful
Attention Awareness Scale (MAAS) quartile. Quartiles 1 and 4 represent the lowest and
highest MAAS quartile, respectively. Sample sizes for quartiles 1, 2, 3, and 4 are 94, 91,
103, and 94, respectively
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Table 1

Unadjusted participant characteristics for the entire sample (overall) and stratified by Mindful Attention
Awareness Scale (MAAS) level

Overall MAAS level® pvalueb
Low (n=77) Medium (n=131) High (n=174)
Cardiovascular health components
Smoking, % ideal 61 (56, 66) 49 (38, 61) 60 (52, 69) 66 (59, 73) 0.01
BMI, % ideal 23 (19, 27) 13 (5, 21) 27 (19, 34) 24 (18, 31) 0.11
Total cholesterol, % ideal 47 (42, 52) 45 (33, 56) 44 (36, 53) 49 (42, 57) 0.42
Diabetes status, % ideal 51 (45, 56) 40 (28, 52) 51 (41, 61) 56 (47, 64) 0.05
Blood pressure, % ideal 34 (29, 39) 38 (27, 49) 34 (26, 42) 32 (25, 39) 0.34
Fruit/vegetable consumption, % ideal 14 (11, 18) 13 (5, 21) 12 (6, 17) 17 (11, 23) 0.30
Physical activity, % ideal 40 (35, 45) 27 (17, 38) 41 (32, 50) 45 (37,52) 0.02
Confounders
Age, years 47.0(46.8,47.1) 46.8(46.4,47.1) 46.8 (465 47.0) 47.2(46.9,475) 0.03
Sex, % female 57 (52, 62) 65 (54, 76) 57 (49, 66) 53 (45, 60) 0.08
Race/ethnicity, % white 66 (62, 71) 68 (57, 78) 71 (63, 79) 63 (55, 70) 0.29
Potential mediators
Depressive symptoms, % CESD =210 30 (26, 35) 65 (54, 76) 34 (25, 42) 12 (7,17) <0.001
Sense of control, % with score >14 48 (43, 54) 74 (64, 84) 50 (41, 58) 36 (29, 43) <0.001
Education, % <high school 70 (66, 75) 73 (63, 83) 70 (62, 78) 70 (63, 76) 0.66

Point estimates represent means or percentages (95 % confidence intervals)

BMI body mass index, CESD Center for Epidemiologic Studies Depression Scale
aMAAS levels represent the following MAAS scores (range 1-6): low, <4; medium, 4-5; high, >5

b . . . . . .
p values derived from ANOVA for continuous variable and chi-squared tests for categorical variables
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Table 2

Participant characteristics of confounders and potential mediators, stratified by ideal cardiovascular health
status

Cardiovascular health status® pvalueb
Not good (n=289) Good (n=93)
Confounders
Age, years 47.0(46.8,47.2)  46.8(46.4 47.1) 0.1
Sex, % female 53 (47, 59) 68 (58, 77) 0.01
Race/ethnicity, % white 63 (58, 69) 76 (67, 85) 0.02
Potential mediators
Depressive symptoms, % CESD =10 34 (29, 40) 18 (10, 25) 0.002
Sense of control, % with score >14 52 (46, 58) 39 (29, 48) 0.03
Education, % <high school 76 (71, 81) 52 (42, 62) <0.001

Point estimates represent means or percentages (95% confidence intervals)

CESD Center for Epidemiologic Studies Depression Scale
aGood cardiovascular health represents having >4 ideal cardiovascular health components

p values derived from unpaired t test for continuous variable and chi-squared tests for categorical variables
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Table 3

Mediation analyses showing direct and indirect effects of sense of control, depressive symptomatology, and
education for associations of Mindful Attention Awareness Scale (MAAS) level with ideal cardiovascular
health

MAAS level?
High (n=174) Medium (n=131) Low (n=77)
Total effect model 0.69 (0.32, 1.05) 0.38 (-0.02, 0.77) 0 (ref)

Direct effect models
Depressive symptoms  0.42 (0.02, 0.78) 0.21(-0.19, 0.62) 0 (ref)
Sense of control 0.45 (0.07, 0.83) 0.23(-0.14,0.60) 0 (ref)
Education 0.63(0.30,0.94)  0.34(-0.01,0.73) O (ref)
Indirect effect models
Depressive symptoms  0.26 (0.05, 0.48) 0.17 (0.03, 0.35) 0 (ref)
Sense of control 0.24 (0.08, 0.44) 0.15 (0.04, 0.29) 0 (ref)
Education 0.04 (-0.04,0.14)  0.03 (-0.09, 0.15) 0 (ref)

Effect sizes (95 % confidence intervals) represent regression beta estimates for high or medium vs. low MAAS level, in relation to number (range
0-7) of ideal cardiovascular health components. All analyses are adjusted for age, race/ethnicity, and gender

ref referent category

aMAAS levels represent the following MAAS scores (range 1-6): low, <4; medium, 4-5; high, >5
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Table 4

Multivariable-adjusted regression analyses evaluating associations of the Mindful Attention Awareness Scale
(MAAS) score with subcomponents of cardiovascular health

Ideal cardiovascular health component PR (95% CI) pvalue

Smoking (never smoker or quit >12 months ago)

High mindfulness
Medium mindfulness

Low mindfulness

Body mass index (<25 kg/m?)

High mindfulness
Medium mindfulness

Low mindfulness

1.37 (1.06,1.76) 0.01
1.23(0.95,1.61) 0.12
1.00

217 (1.16,4.07) 002
2.09 (111,3.95) 0.02
1.00

Total cholesterol (TC <200 mg/dL and no cholesterol medication)

High mindfulness
Medium mindfulness

Low mindfulness

1.14 (0.85,153) 0.38
0.99 (0.73,1.36)  0.97
1.00

Fasting glucose (<100 mg/dL and no diabetes medication)

High mindfulness
Medium mindfulness

Low mindfulness

1.47 (1.06,2.04)  0.02
1.28(0.90,1.81) 0.16
1.00

Blood pressure (SBP <120 and DBP <80 mmHg and no AH)

High mindfulness
Medium mindfulness

Low mindfulness

0.91 (0.66,1.26) 0.58
0.84(0.60,1.18) 0.31
1.00

Fruit/vegetable consumption (=5 fruit and vegetable servings per day)

High mindfulness
Medium mindfulness

Low mindfulness

Physical activity (IPAQ category “high”)

High mindfulness
Medium mindfulness

Low mindfulness

1.35(0.70,2.63) 0.37
0.92 (0.44,1.94) 0.83
1.00

156 (1.04,2.35) 0.03
153 (1.00,2.33) 0.05
1.00

Point estimates (95 % confidence intervals) represent prevalence ratios (PRs) for likelihood of having ideal level of each cardiovascular health
component per MAAS level. Treatment goals are as follows: total cholesterol, <200 mg/dL; diabetes, <100 mg/dL; blood pressure, SBP<120 and
DBF<80 mmHg

MAAS levels represent the following MAAS scores (range 1-6): low, <4; medium, 4-5; high, >5

AH antihypertensive medication, Cl confidence interval, DBP diastolic blood pressure, IPAQ International Physical Activity Questionnaire, PR
prevalence ratio, SBP systolic blood pressure, TC total cholesterol
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