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Abstract: Background: Cardiovascular diseases (CVD) are predominantly lifestyle related. Mental
health issues also influence CVD progression and quality of life. Self-management of lifestyle
behaviors and mental well-being may play a significant role in reducing the CVD burden. Previous
studies have shown that mindfulness practices are associated with psychological well-being, but
their effects on CVD self-management are mainly unknown. Methods: The study had a before–after
design and included adults over 50 years with CVD and/or one or more risk factors from three
European countries. Follow-up was six months. The intervention was a 7-week mindfulness-based
intervention (MBI) in a group setting focusing on chronic disease self-management. Outcomes
were measured with validated self-report questionnaires at baseline and follow-up: self-efficacy,
physical activity, nutrition, smoking, alcohol use, sleep and fatigue, social support, stress, depression,
medication adherence, and self-rated health. Results: Among 352 participants, 324 (92%) attended
≥4 of the 7 group sessions and completed follow-up. During follow-up, self-efficacy, stress, social
support, depressive symptoms, and self-rated health significantly improved. No significant changes
were detected for other outcomes. Conclusions: A 7-week MBI focusing on chronic disease self-
management was conducive to improved self-efficacy, emotional well-being, social support, and
self-rated overall health during six months. These findings support the use of MBIs for improving
self-management in cardiovascular care. ISRCTN registry-number ISRCTN11248135.

Keywords: mindfulness; cardiovascular disease; risk factors; self management; chronic disease
management

1. Introduction

Despite substantial improvements in outcomes in recent decades, cardiovascular
diseases (CVD) are still the leading causes of morbidity and mortality globally, with an
estimated 17 million deaths each year [1].

Much of the global burden of CVD is attributable to uncontrolled behavioral risk
factors, including poor diet, physical inactivity, and smoking [2]. In addition, psychological
distress, such as chronic stress, depression, anxiety, and post-traumatic stress disorder,
contributes to poorer quality of life and increases the risk of cardiovascular events and
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all-cause mortality [3,4]. Conversely, favorable lifestyle behaviors and psychological well-
being promote cardiovascular health [5]. For the primary and secondary prevention of
atherosclerotic vascular disease, heart failure, atrial fibrillation, and other cardiovascular
conditions, lifestyle behaviors and mental health are of great importance [6]. Since patients
spend very little time with healthcare providers, individuals largely depend on self-care to
promote physical and emotional health and manage chronic illness. Despite the importance
and effectiveness of self-care in preventing and managing CVD, many individuals find it
challenging to make enduring modifications in lifestyle behaviors, take care of their mental
health, and deal with chronic conditions [7,8]. Programs to enhance self-management
skills based on behavioral interventions are only modestly effective, and novel intervention
targets are needed to improve their impact [9].

One such intervention target is mindfulness, commonly defined as moment-to-moment
awareness of one’s experience without judgement [10]. Mindfulness is considered a
metacognitive process that enhances the capacity for self-regulation, i.e., adaptively regulat-
ing one’s attention, emotions, cognition, and behavior to respond effectively to internal and
external demands. Mindfulness is deeply rooted in ancient Eastern philosophies and has re-
ceived considerable public interest in recent decades. This universal human capacity can be
strengthened through meditation, mind–body practices, such as yoga, and the application
of mindful attention in daily life. A growing body of evidence indicates that mindfulness-
based interventions (MBIs) can help people cope across a broad range of medical and
psychological conditions, including depression, stress, anxiety, and chronic pain [11,12].
MBIs are commonly offered as secular, manualized, group-based interventions, the most
popular of which are mindfulness-based stress reduction (MBSR) and mindfulness-based
cognitive therapy. Typically, a package of mindfulness practices is provided for eight weeks,
including body scan, sitting meditation, walking meditation, and gentle yoga exercises.
Although mindfulness practices also produce relaxation in the body, relaxation is not the
primary objective. Instead, these practices teach participants to focus on present-moment
experiences with an orientation of openness, kindness, curiosity, and acceptance instead of
ruminating about the past or worrying about the future. By cultivating an even-minded,
witnessing relationship with (distressing) physical sensations, emotions, and thoughts as
passing events arising in the body-mind system, practitioners learn to undo automatic
habitual responses, counter negative thought patterns, and increase cognitive flexibility.
Through modulation of attention control, emotion regulation, self-awareness, motivation
and learning, mindfulness is postulated to influence self-regulation and behaviors that
affect physical or mental health and quality of life [13].

Although preliminary research suggests that mindfulness may influence blood pressure
and glycemic control, the potential of mindfulness training in facilitating self-management of
CVD has received limited attention [14]. Therefore, the Social Engagement Framework
for Addressing the Chronic-disease-challenge (SEFAC) study aimed to examine the effects
of the 7-week SEFAC intervention targeting health behaviors and psychosocial factors for
improving self-management in adults over 50 with or at increased risk of CVD.

2. Methods
2.1. Study Design

The SEFAC study had a before–after single-group design and was conducted between
28 November 2018 and 26 October 2020 in 4 European countries (Croatia, Italy, United
Kingdom (UK), and the Netherlands). For full details of study design and protocol, see
Zhang et al. [15] ISRCTN registry number is ISRCTN11248135, the date of registration is
30 August 2018 (retrospectively registered). Ethics approval was provided by the human
research ethics boards of the study sites [15]. All participants provided written informed
consent. This article reports on health outcomes as assessed at six months follow-up. We
used the SPIRIT reporting guidelines [16].
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2.2. Recruitment and Eligibility Criteria

Recruitment for participation in a study investigating a new intervention to improve
the self-management of chronic cardiovascular diseases through mindfulness training,
social engagement, and e-health support was conducted in the study sites (located in Rijeka,
Croatia; Treviso, Italy; Camborne, United Kingdom; and Rotterdam, the Netherlands).
Community-dwelling citizens were recruited using public events and announcements,
patient and volunteer organizations, and social media. Main eligibility criteria were age
over 50 years and established CVD (i.e., ischemic heart disease, cerebrovascular disease,
peripheral artery disease, heart failure, or other cardiovascular conditions) and/or one or
more risk factors for the development of CVD (including diabetes, smoking, hypertension,
hypercholesterolemia, obesity, positive family history). In addition, citizens were not
eligible to participate in the study when they were diagnosed with mild or severe cognitive
impairment, were terminally ill or scheduled to enter secondary or tertiary care settings for
a long period, not able to comprehend the information provided in the local language, or
not able to make an informed decision regarding participation in the study.

2.3. Intervention

The SEFAC intervention to promote health behaviors and psychological well-being
had a duration of 7 weeks, and consisted of three elements, (i) weekly mindfulness-based
sessions for seven weeks, (ii) support by social engagement, and (iii) e-health support by
the SEFAC app [15].

Ad (i): The mindfulness-based sessions were offered in a series of seven weekly in-
person group sessions (11–12 participants), lasting 2–2.5 h each for which a workbook
was available. The sessions focused on mindset, habit change, relationships, and living
with chronic conditions and included elements of positive psychology and health coach-
ing in addition to mindfulness training. They were conducted by certified mindfulness
professionals and/or health care professionals with training in mindfulness. Furthermore,
local volunteers facilitated the intervention during and between the sessions in terms of
logistics, raising awareness for self-management, motivating participants to commit to
the intervention, and assisting them with e-health support. The intervention incorporated
the core elements of the standard MBSR protocol: (a) mental and physical mindfulness
exercises (body scan, sitting meditation, walking meditation, gentle yoga exercises; Sup-
plement Table S1; (b) how to apply mindfulness to everyday situations and stress manage-
ment; (c) sharing of experiences of mindfulness and insights into automatic patterns and
habits among participants. During the sessions, participants were trained to foster greater
awareness of present moment experience to promote mental well-being, build self-efficacy,
enhance quality of life, adopt a healthy lifestyle, and connect to their community.

Ad (ii): Social engagement was used to support the mindfulness-based sessions [17].
Volunteers facilitated the organization and the sessions (see above). The group sessions
provided an environment for peer-to-peer support allowing participants to share their
experiences, offer encouragement, and share advice. Group factors such as normalizing
one’s experience, a sense of shared group identity, and the empathic and anxiety-relieving
nature of the group setting are considered helpful [18].

Ad (iii): In addition to the weekly sessions, participants were encouraged to engage in
the practices (described in Supplement Table S1) and reflections in between the sessions
using e-health support, consisting of the free SEFAC app developed for the Android
operating system. The app included audio recordings of the mindfulness practices, tips
and reflections on nutrition, stress reduction, emotional health, and physical activity. In
addition, it allowed the user to set personal goals to support habit change. Participants were
encouraged to download the app on their mobile phone or tablet at the start of the SEFAC
intervention and use it as digital support during the seven weeks of mindfulness-based
sessions; it should be noted that the app stayed available to be used without support and
on a voluntary basis until six months after the start of the intervention.
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2.4. Outcome Measures

Outcomes were obtained through self-report questionnaires at the start of the first
session (baseline) and at 6-month follow-up to assess the ‘mid-term’ effects (i.e., the sus-
tainability of the effects four months after finishing the intervention), as suggested by Ory
et al. and Barkan et al. [19,20]. The internal consistency was assessed for each multi-item
scale by computing Cronbach’s alphas, which was considered sufficient when over 0.70,
and preferably under 0.95 [21]. The degree of self-efficacy was determined with four instru-
ments: Self-Efficacy for Managing Chronic Diseases 6-item scale (SEMCD-6), Cronbach’s
alpha 0.88 General Self-efficacy Scale (GSES), Cronbach’s alpha 0.91; Physical Exercise
Self-Efficacy Scale (PESES), Cronbach’s alpha 0.94; Nutrition Self-Efficacy Scale (NSES),
Cronbach’s alpha 0.95, with higher values indicating more self-efficacy [22–24]. Health
behaviors were assessed in six domains, in line with the American College of Lifestyle
Medicine [25]: (1) Healthy eating: three items on the intake of fruit and vegetables as
well as having breakfast; (2) Physical activity: six items on physical exercise [26]; one
item on sedentary behavior: International Physical Activity Questionnaire (IPAQ) [27];
(3) Substance use: current smoking, yes/no; frequency of alcohol use, one item from the
AUDIT-C [28]; (4) Stress management: Perceived Stress 10-item Scale (PSS-10), range 0–40,
Cronbach’s alpha 0.86, with higher values indicating more stress, score <14 corresponds to
low stress and score ≥14 to moderate or high perceived stress [29]; (5) Sleep and fatigue:
visual analogue scales (VAS), range 0–10, with higher values indicating worse sleep/more
fatigue); (6) Relationships: Oslo Social Support 3-item scale (OSSS-3), Cronbach’s alpha
0.54 [30]. Medication adherence was assessed with the Simplified Medication Adherence
Questionnaire (SMAQ), Cronbach’s alpha 0.57 [31]. Depression severity was assessed with
the Patient Health Questionnaire 8-item scale (PHQ-8), range 0–24, Cronbach’s alpha 0.82,
with higher values indicating higher severity, score ≥10 corresponding to current depres-
sion [32]. Health-related quality of life (HR-QoL) was assessed with the Short-Form 12-item
health survey (SF-12), range 0–100, Cronbach’s alpha 0.67; the EuroQol-5 Dimensions-5
levels (EQ-5D-5L), using the UK value sets, range 0–1, Cronbach’s alpha 0.73, with higher
values indicating better health utility [33,34]; and EQ-VAS, range 0–100, with higher values
indicating better HR-QoL.

2.5. Other Measures

Sociodemographic characteristics (age, sex, household composition, educational level,
income, migration background), BMI (body mass index), and the presence of chronic
conditions were assessed by self-report questionnaires. Good adherence to interventions
was defined a priori as attending ≥4 of 7 group sessions [35]. The satisfaction with the
SEFAC intervention was evaluated with a questionnaire consisting of eight items at 6-
month follow-up. Seven items were rated on a 5-point scale, ranging from strongly agree
to strongly disagree. One item was rated on a 1-to-10 rating scale, with higher values
indicating higher satisfaction.

2.6. Power Considerations

The power considerations of the study were described previously [15]. It was planned
to include 452 participants at baseline. By assuming a loss to follow-up of 20%, it was
expected to have data of 360 participants with a baseline and a follow-up measure. Assum-
ing equal standard deviations (SD) at baseline and follow-up, an alpha of 0.05 and power
of 0.80, and by taking into account an average cluster size of 90 participants (360/4) and
an intra-class correlation coefficient of 0.02, a difference of 0.24 SD between baseline and
follow-up can be established for continuous outcome measures, such as the SF-12 [15].

2.7. Statistical Methods

Participant characteristics were described using mean (SD) or number of participants
(%) for the total study sample. The effects of the intervention were assessed in the partici-
pants who completed the baseline and follow-up questionnaires and attended ≥4 sessions.
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A paired samples t-test was performed to assess the effects of the intervention on continu-
ous outcome measures. Cohen’s d within-group effect size was computed for all significant
outcomes [36]. For dichotomous outcome measures, the paired McNemar test was used. We
stratified the descriptive statistics (see Supplement Table S2) and effects of the intervention
on the outcome measures for the subgroups ‘History of CVD’ and ‘At risk of CVD’ (see
Supplement Table S3a,b). The mean change in outcome measures for both subgroups was
compared using an independent samples t-test for continuous outcomes and a z-test for
dichotomous outcomes (see Supplement Table S3c). We did not impute missing data as only
<5% of the data per variable were missing. Analyses were conducted with SPSS version 25.0
(IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY, USA). The 2-sided significance
threshold, after Bonferroni correction for multiple testing, was set at p = 0.05/20 = 0.0025.

3. Results
3.1. Description of Participants

Between 28 November 2018 and 20 February 2020, 352 participants who fulfilled the
inclusion criteria provided informed consent and started the intervention; 77 (21.9%) with
a history of CVD and 275 (78.1%) at increased risk of CVD due to the presence of one or
more risk factors. Participants were included in 3 European study sites: Rijeka, Croatia
(n = 147); Treviso, Italy (n = 97); Rotterdam, the Netherlands (n = 84). At the pilot site
in the UK (n = 91), outcome measurements with the self-report questionnaires were not
feasible because of a high prevalence of health literacy problems; hence, these participants
were not included for further analyses. Table 1 shows the baseline characteristics of the
study sample.

Table 1. Baseline characteristics of the SEFAC study sample (n = 352).

Study Sample (n = 352)

Age, y 66.7 (7.9) *
Female sex 280 (79.5%)
Study site

Croatia 149 (42.3%)
Italy 97 (27.6%)
The Netherlands 106 (30.1%)

History of CVD 77 (21.9%)
At risk of CVD # 275 (78.1%)

T2DM 63 (17.9%)
Hypertension 173 (49.1%)
Hypercholesterolemia 173 (49.1%)

Other chronic conditions
Cancer 56 (15.9%)
(Osteo)arthritis 140 (39.8%)
Pulmonary condition(s) 48 (13.6%)
Gastrointestinal condition(s) 24 (6.8%) *

Current smoking 34 (9.7%)
Alcohol use ≥ 4 times/wk 43 (12.2%)
Aerobic physical activity < 150 min/wk 145 (41.2%)
Fruit < 3 servings/d 312 (88.9%) *
Vegetables < 3 servings/d 325 (93.1%) †
Overweight (BMI ≥ 25 kg/m2) 226 (64.2%)
Current depression (PHQ-8 ≥ 10) 64 (18.2%)
Moderate-high perceived stress (PSS-10 ≥ 14) 245 (69.6%)
Living alone 123 (34.9%)
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Table 1. Cont.

Study Sample (n = 352)

Education
Primary or no education 54 (15.3%)
Secondary 164 (46.6%)
Tertiary or higher 134 (38.1%)

Low income (decile 1 and 2) 44 (13.0%) ‡
Migration background 52 (14.8%)

Data are mean (SD) or number of participants (%). Missing items: * n = 1; † n = 3; ‡ n = 14, # Some participants
fell into more than 1 subcategory of ‘At risk of CVD’. Abbreviations: CVD, cardiovascular disease; T2DM, type 2
diabetes mellitus; BMI, body mass index; PHQ-8, Patient Health Questionnaire; PSS-10, Perceived Stress Scale; SD,
standard deviation.

3.2. Adherence to Interventions and Follow-Up Attrition

Of all included participants (n = 352), 343 (97.4%) attended four or more of the seven
group sessions. A median of 6 out of 7 group sessions (interquartile range [IQR], 6–7) were
attended. The number of participants taking part in the 6-month follow-up assessment
was 327 (92.9%). Overall, 324/352 participants (92.0%) completed the baseline and 6-
month follow-up questionnaires, attended ≥4 sessions, and were included as the study
sample for further analyses. Baseline characteristics of the 28 dropout participants were
not significantly different from the included participants, except for the study site. The
participant flow chart is shown in Figure 1.
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3.3. Outcomes

Table 2 presents the outcome scores at baseline and follow-up of the 324 participants
who completed both the baseline and 6-month follow-up questionnaires and who attended
≥4 sessions. Three of the four self-efficacy outcomes significantly improved, except for
physical exercise self-efficacy. At the 6-month follow-up, there was a significant reduction
in perceived stress and PHQ depression scores and significantly more social support as
compared to baseline. Participants of the SEFAC intervention also experienced significant
improvements in self-rated overall health and health utility (all p < 0.0025). Over time,
no significant changes were observed for nutrition, physical activity, substance use, sleep,
medication adherence, or mental and physical HR-QoL.
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Table 2. Effects of SEFAC mindfulness-based intervention (n = 324).

Outcomes Baseline Follow-Up
(6 Month) Effect Variable Estimate Confidence

Interval p-Value #

Self-efficacy
SEMCD (range 1–10) § 7.0 (1.6) 7.3 (1.7) Mean change 0.322 a 0.153–0.492 <0.001 *
GSES (range 10–40) § 30.5 (5.4) 31.9 (5.3) Mean change 1.420 b 0.881–1.958 <0.001 *
PESES (range 5–20) § 13.5 (3.9) 14.1 (4.1) Mean change 0.534 0.084–0.984 0.020 *
NSES (range 5–20) §,1 13.9 (3.7) 14.7 (3.7) Mean change 0.771 c 0.391–1.151 0.000 *

Health behaviors
Nutrition

Fruit ≥ 3 portions/d 1 36 (11.1%) 39 (12.1%) OR 1.15 0.63–2.09 0.761 †

Vegetables, ≥3 portions/d 2 22 (6.8%) 26 (8.1%) OR 1.27 0.64–2.46 0.607 †

Physical activity
Stretching/strengthening (min/wk) 3 55.5 (61.9) 50.3 (61.7) Mean change −5.203 −12.452–2.046 0.159 *
Aerobic exercise (min/wk) 164.0 (100.1) 176.8 (112.9) Mean change 12.824 1.403–24.245 0.028 *
Sedentary behavior (h/d) 2 5.8 (2.5) 5.4 (2.6) Mean change −0.390 −0.649–−0.130 0.003 *

Substance use
Current smoking 33 (10.2%) 29 (9.0%) OR 0.20 0.02–1.71 0.219 †

Alcohol, 4 times/wk or more 40 (12.3%) 35 (10.8%) OR 0.67 0.30–1.48 0.424 †

Stress management
Perceived stress (PSS-10; range 0–40) $ 16.3 (5.9) 15.1 (5.7) Mean change −1.216 d −1.759–−0.673 <0.001 *

Sleep
Sleep problems (range 1–10) $ 4.7 (2.6) 4.3 (2.6) Mean change −0.417 −0.698–−0.136 0.004 *
Fatigue (range 1–10) $ 4.8 (2.3) 4.7 (2.4) Mean change −0.093 −0.356–0.171 0.490 *

Relationships
Social support (OSSS-3; range 3–14) §,1 9.4 (2.2) 9.7 (2.3) Mean change 0.334 e 0.121–0.548 0.002 *

Medication adherence
SMAQ (no adherence) 4 170 (59.9%) 154 (54.2%) OR 0.64 0.03–1.03 0.081 †

Depression
PHQ-8 (range 0–24) $ 5.7 (4.2) 5.0 (4.0) Mean change −0.741 f −1.093–−0.388 <0.001 *

HR-QoL
PCS (SF-12; range 0–100) §,2 44.6 (9.1) 45.8 (8.9) Mean change 1.156 0.344–1.968 0.005 *
MCS (SF-12; range 0–100) §,2 45.4 (10.1) 46.6 (9.2) Mean change 1.148 0.161–2.136 0.023 *
EQ-5D-5L utility values (range <0–1) §,1 0.80 (0.15) 0.82 (0.16) Mean change 0.025 g 0.010–0.039 <0.001 *
EQ-5D-5L overall health (range 0–100) § 70.9 (16.6) 73.9 (17.5) Mean change 3.022 h 1.297–4.746 <0.001 *

Data shown are the available data of the 324 participants who completed the baseline and follow-up questionnaires
and attended ≥4 of 7 SEFAC sessions. Data are mean (SD) or number of participants (%). The effect variable shows
‘mean change’ for continuous variables or ‘odds ratio’ for dichotomous variables. Missing items: 1 n = 1; 2 n = 2; 3

n = 4; 4 n = 40. Cohen’s d effect size: a d = 0.20; b d = 0.26; c d = 0.22; d d = 0.21; e d = 0.15; f d = 0.18; g d = 0.15;
h d = 0.18. Abbreviations: SEFAC, Social Engagement Framework for Addressing the Chronic-disease-challenge;
SEMCD, Self-Efficacy for Managing Chronic Disease scale; GSES, General Self-Efficacy Scale; PESES, Physical
Exercise Self-Efficacy Scale; NSES, Nutrition Self-Efficacy Scale; OR, odds ratio; PSS-10, Perceived Stress Scale;
OSSS-3, Oslo Social Support Scale; SMAQ, Short Medication Adherence Questionnaire; PHQ-8, Patient Health
Questionnaire; HR-QoL, Health-related quality of life; PCS, Physical Component Summary of the SF-12; MCS,
Mental Component Summary of the SF-12; SF-12, Short Form health survey; EQ-5D-5L, EuroQol-5 Dimensions-5
level. * p-value based on paired t-test; significant p-values in bold. † p-value based on McNemar test; significant
p-values in bold. $ A lower score is better. § A higher score is better. # Significant p-values in bold after Bonferroni
correction for multiple testing was applied (p = 0.05/20 = 0.0025).

3.4. Satisfaction and Adverse Events

Of those completing the questions on satisfaction with the intervention at the 6-month
follow-up, participants reported that the intervention improved self-awareness (84.8%) and
stimulated them to work on a healthy lifestyle (85.4%). The average satisfaction score was
8.2 ± 1.6 on a scale from 1 (lowest) to 10 (highest). The majority of participants (75.0%)
perceived the SEFAC app as supportive of a healthy lifestyle through mindfulness exercises.
(See Supplement Table S4). One participant died during the 6-month follow-up; this event
was judged as unrelated to the intervention.

4. Discussion

This multicenter study involving over 300 individuals with or at increased risk of CVD
showed modest effects from a 7-week MBI on self-efficacy, stress, depressive symptoms,
social support, and self-rated overall health.

The SEFAC MBI was primarily designed to enhance self-management as an approach
to improving health behavior and well-being for individuals with or at increased risk of
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CVD. Self-efficacy, defined as the belief that one has the ability to accomplish a specific
task or reach a goal [37], is considered a key modifiable mediator of self-management
skills in chronic disease. Individuals with high self-efficacy are more likely to believe they
can master challenging problems and recover quickly from setbacks and disappointments.
Therefore, it is hypothesized that interventions that enhance self-efficacy can improve
patient self-management of chronic conditions [26]. The participants’ self-efficacy in our
intervention increased, except for physical exercise self-efficacy. The mean changes in
self-efficacy were comparable to those found in other self-management interventions with
a similar follow-up duration and have been shown to be associated with better health
outcomes [23]. Our findings align with a recent study showing that an 8-week mindfulness
training facilitated self-management skills among primary care patients diagnosed with
mental health conditions [38]. Though self-efficacy is considered essential for initiating and
maintaining health behavior change, the improvements in self-efficacy in our participants
did not translate into healthier lifestyle behaviors relevant to cardiovascular outcomes,
such as nutrition, physical activity, smoking cessation, and sleep.

Despite widespread awareness that behavior change is key to the prevention and
treatment of CVD, it remains challenging to change behavior [39]. Theoretically, training the
mind to hold each moment in awareness may be paramount to change habit patterns [40].
Based on the limited number of studies, there is no definitive agreement yet in the literature
concerning the effects of mindfulness interventions alone on health behaviors. Mindfulness
has been shown to promote favorable changes in selected behaviors related to psychiatric
conditions, such as several substance-use disorders and eating disorders [13]. However,
our study’s lack of effect on nutrition, physical activity and other lifestyle factors does
not support the benefits of a 7-week MBI for health behavior change related to CVD. This
effect may, in part, be related to the way clinicians, patients, and the research community
incorrectly conceptualize contemplative practices as expedient interventions for health
problems. Training the mind in awareness and understanding the subtleties of one’s
existence take time and consistent practice. A 7-week MBI is probably inadequate to
achieve a level of expertise needed to transform behavior that depends on mastery of
complex biological, mental and emotional processes. However, the results of this study do
support the inclusion of mindfulness training in the arsenal of lifestyle interventions to
combat CVD together with evidence-based nutrition and physical activity interventions.

Participation in the SEFAC MBI promoted psychological well-being, including re-
ducing perceived stress, less depressive symptoms and better self-rated overall health.
Previous meta-analyses demonstrated comparable small-to-moderate beneficial effects
for MBIs on stress, depression, anxiety, and quality of life in individuals with a range
of chronic conditions [11,12]. Psychological well-being has been identified as a positive
cardiovascular health asset [4]. It is associated with improved CVD outcomes, whereas
adverse psychological factors, such as stress and depression, are associated with an in-
creased risk of cardiovascular events [41,42]. Psychological well-being, including positive
thoughts and feelings, purpose in life, and optimism, is linked with cardiovascular health
via neurobiological processes, behavioral pathways, and psychosocial resources that pro-
tect health and buffer stress effects [3,5]. Several guidelines and scientific statements on
CVD prevention and management recommend screening for psychosocial risk factors and
considering tailored interventions to enhance the quality of life as well as life expectancy
and to reduce cardiovascular events [6,43]. In line with this, the observed improvement in
psychological health six months after our 7-week MBI may benefit cardiovascular health.

Previous studies have indicated that social isolation is a risk factor for the poor progno-
sis of individuals with cardiovascular disease. Isolated and lonely persons have a 1.5-fold
increased risk of myocardial infarction, stroke and death [44]. Most of this excess risk
is attributable to conventional risk factors, such as obesity, smoking, low education and
pre-existing chronic illness [44]. In our study, one-third of the participants lived alone,
and social support significantly improved following the MBI. Mindfulness practices may
effectively reduce social risk by addressing both the subjective perception of loneliness
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and objective social isolation. In addition to the social context of a group-based MBI, the
development of mindfulness-specific attention monitoring and acceptance skills is associ-
ated with improved social functioning [45]. These findings support group-based MBIs to
promote the prevention and treatment of CVD in individuals with poor social connections.

One of the strengths of our study is that it was conducted in multiple European study
sites with heterogeneous populations of middle-aged and older adults with representative
cardiovascular risk profiles. The results suggest that the SEFAC MBI applies to a broad
range of individuals with or at increased risk of chronic CVD. The statistical power of the
study was considered sufficient; instead of 360 participants, data of 352 and 324 participants
were analyzed. Because of the limited sample sizes per study site, we could not generalize
about differences in the effects of the MBI among the different study sites. Only about 10%
of participants were lost to follow-up, which is a low dropout rate compared to similar
behavioral interventions. Dropped out participants were not different from those with
complete follow-up in terms of baseline characteristics, making attrition bias less likely.

This study has several limitations. First, due to the lack of a control group, it cannot
be ruled out that the observed changes are due to nonspecific effects unrelated to the
intervention, including attention, expectations for improvement, social support and sense
of community deriving from participation in a group-based intervention. Furthermore,
although our MBI was based on and included the mindfulness exercises of the well-tested
MBSR curriculum, mindfulness itself as a psychological construct was not assessed in
this study. All outcome measures were self-reported, which may be less accurate than
objectively measured outcomes. In addition, we cannot exclude the presence of a selection
or social desirability bias. Our mindfulness-based intervention lasted seven weeks, unlike
other existing programs that last eight weeks. However, the SEFAC mindfulness-based
intervention took place in relatively small groups, with a similar duration as the MBSR
and MBCT; therefore, the intensity of the intervention was assumed to be relatively high.
Nevertheless, we recommend that future studies consider possibilities to strengthen the
intervention, including making it last eight weeks. In addition, for future studies with
larger varied samples, we advise exploring the differences regarding the effects between
subgroup participants with cardiovascular disease and subgroup with participants at risk
of cardiovascular disease. We recommend future studies to apply a randomized controlled
trial (RCT) with pre-defined primary and secondary outcomes. This study only evaluated
the ‘mid-term’ effects of the intervention after six months; we recommend future studies to
measure both ‘immediate’ effects after finishing the intervention (i.e., after seven weeks
in the current intervention), and the ‘mid-term’ effects after six months. In our study,
three scales showed a Cronbach’s Alpha <0.70; we recommend that future studies pay
attention to the reliability of the measurements. Moreover, an intervention such as the
current one that is applied only one time might have been too short since changing lifestyle
patterns is complex and requires continuous attention, practice, and support. Finally, the
predefined 6-month follow-up period may have been too short to assess the durability of
the observed effects.

5. Conclusions

In conclusion, the present study shows promising effects of a mindfulness-based
intervention, in combination with social engagement and e-health support. It enhances self-
management as a complementary approach for modifying psychosocial factors relevant to
cardiovascular care. Our findings deserve further study in a larger, long-term randomized
controlled trial to explore the potential of mindfulness training in catalyzing chronic disease
self-management. An intervention offering access to high-quality therapeutic lifestyle
interventions focusing on nutrition, physical activity, and substance use, in conjunction with
ongoing encouragement for mindfulness practice with digital and community resources,
may be a sustainable approach for promoting cardiovascular health.
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Non-Standard Abbreviations and Acronyms

AUDIT-C Alcohol Use Disorder Identification Test-Consucmption
BMI Body Mass Index
CVD cardiovascular disease
EQ-5D-5L EuroQol-5 Dimensions-5
EQ-VAS EuroQol visual analogue score
GSES General Self-efficacy Scale
HR-QoL health-related quality of life
IPAQ International Physical Activity Questionnaire
MBI mindfulness-based intervention
MBSR mindfulness-based stress reduction
NSES Nutrition Self-Efficacy Scale
OSSS-3 Oslo Social Support 3-item scale
PHQ-8 Patient Health Questionnaire 8-item scale
PSES Physical Exercise Self-Efficacy Scale
PSS-10 Perceived Stress 10-item
SEFAC the Social Engagement Framework for Addressing the Chronic-disease-challenge
SEMCD-6 Self-Efficacy for Managing Chronic Diseases 6-item scale
SD standard deviation
SF-12 Short-Form 12-item health survey
SMAQ Simplified Medication Adherence Questionnaire
T2DM type 2 diabetes
VAS visual analogue scale

References
1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories,

1990-2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204–1222. [CrossRef]
2. O’Donnell, M.J.; Chin, S.L.; Rangarajan, S.; Xavier, D.; Liu, L.; Zhang, H.; Rao-Melacini, P.; Zhang, X.; Pais, P.; Agapay, S.; et al.

Global and regional effects of potentially modifiable risk factors associated with acute stroke in 32 countries (INTERSTROKE): A
case-control study. Lancet 2016, 388, 761–775. [CrossRef]

3. Rozanski, A. Behavioral cardiology: Current advances and future directions. J. Am. Coll. Cardiol. 2014, 64, 100–110. [CrossRef]
[PubMed]

4. Levine, G.N.; Cohen, B.E.; Commodore-Mensah, Y.; Fleury, J.; Huffman, J.C.; Khalid, U.; Labarthe, D.R.; Lavretsky, H.; Michos,
E.D.; Spatz, E.S.; et al. Psychological Health, Well-Being, and the Mind-Heart-Body Connection: A Scientific Statement From the
American Heart Association. Circulation 2021, 143, e763–e783. [CrossRef] [PubMed]

5. Kubzansky, L.D.; Huffman, J.C.; Boehm, J.K.; Hernandez, R.; Kim, E.S.; Koga, H.K.; Feig, E.H.; Lloyd-Jones, D.M.; Seligman,
M.E.P.; Labarthe, D.R. Positive Psychological Well-Being and Cardiovascular Disease: JACC Health Promotion Series. J. Am. Coll.
Cardiol. 2018, 72, 1382–1396. [CrossRef]

6. Arnett, D.K.; Blumenthal, R.S.; Albert, M.A.; Buroker, A.B.; Goldberger, Z.D.; Hahn, E.J.; Himmelfarb, C.D.; Khera, A.; Lloyd-
Jones, D.; McEvoy, J.W.; et al. 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation 2019, 140,
e596–e646. [CrossRef] [PubMed]

7. Lambrinou, E.; Hansen, T.B.; Beulens, J.W. Lifestyle factors, self-management and patient empowerment in diabetes care. Eur. J.
Prev. Cardiol. 2019, 26 (Suppl. S2), 55–63. [CrossRef]

8. Riegel, B.; Moser, D.K.; Buck, H.G.; Dickson, V.V.; Dunbar, S.B.; Lee, C.S.; Lennie, T.A.; Lindenfeld, J.; Mitchell, J.E.; Treat-Jacobson,
D.J.; et al. Self-Care for the Prevention and Management of Cardiovascular Disease and Stroke: A Scientific Statement for
Healthcare Professionals From the American Heart Association. J. Am. Heart Assoc. 2017, 6, e006997. [CrossRef] [PubMed]

9. Newman, S.; Steed, L.; Mulligan, K. Self-management interventions for chronic illness. Lancet 2004, 364, 1523–1537. [CrossRef]
10. Oxford Mindfulness Centre, University of Oxford. Available online: https://www.oxfordmindfulness.org/ (accessed on 9

December 2021).

http://doi.org/10.1016/S0140-6736(20)30925-9
http://doi.org/10.1016/S0140-6736(16)30506-2
http://doi.org/10.1016/j.jacc.2014.03.047
http://www.ncbi.nlm.nih.gov/pubmed/24998134
http://doi.org/10.1161/CIR.0000000000000947
http://www.ncbi.nlm.nih.gov/pubmed/33486973
http://doi.org/10.1016/j.jacc.2018.07.042
http://doi.org/10.1161/CIR.0000000000000678
http://www.ncbi.nlm.nih.gov/pubmed/30879355
http://doi.org/10.1177/2047487319885455
http://doi.org/10.1161/JAHA.117.006997
http://www.ncbi.nlm.nih.gov/pubmed/28860232
http://doi.org/10.1016/S0140-6736(04)17277-2
https://www.oxfordmindfulness.org/


Int. J. Environ. Res. Public Health 2022, 19, 13145 12 of 13

11. Goyal, M.; Singh, S.; Sibinga, E.M.; Gould, N.F.; Rowland-Seymour, A.; Sharma, R.; Berger, Z.; Sleicher, D.; Maron, D.D.; Shihab,
H.M.; et al. Meditation programs for psychological stress and well-being: A systematic review and meta-analysis. JAMA Intern.
Med. 2014, 174, 357–368. [CrossRef]

12. Creswell, J.D. Mindfulness Interventions. Annu. Rev. Psychol. 2017, 68, 491–516. [CrossRef] [PubMed]
13. Schuman-Olivier, Z.; Trombka, M.; Lovas, D.A.; Brewer, J.A.; Vago, D.R.; Gawande, R.; Dunne, J.P.; Lazar, S.W.; Loucks, E.B.;

Fulwiler, C. Mindfulness and Behavior Change. Harv. Rev. Psychiatry 2020, 28, 371–394. [CrossRef] [PubMed]
14. Loucks, E.B.; Britton, W.B.; Howe, C.J.; Eaton, C.B.; Buka, S.L. Positive Associations of Dispositional Mindfulness with Cardiovas-

cular Health: The New England Family Study. Int. J. Behav. Med. 2015, 22, 540–550. [CrossRef]
15. Zhang, X.; Tan, S.S.; Fierloos, I.; Zanutto, O.; Alhambra-Borrás, T.; Vasiljev, V.; Bennett, S.; Rentoumis, T.; Buranello, A.; Macchione,

S.; et al. Evaluation design of the Social Engagement Framework for Addressing the Chronic-disease-challenge (SEFAC): A
mindfulness-based intervention to promote the self-management of chronic conditions and a healthy lifestyle. BMC Public Health
2019, 19, 664. [CrossRef]

16. Chan, A.W.; Tetzlaff, J.M.; Gøtzsche, P.C.; Altman, D.G.; Mann, H.; Berlin, J.A.; Dickersin, K.; Hróbjartsson, A.; Schulz, K.F.;
Parulekar, W.R.; et al. SPIRIT 2013 explanation and elaboration: Guidance for protocols of clinical trials. BMJ 2013, 346, e7586.
[CrossRef] [PubMed]

17. Morrow-Howell, N.; Lee, Y.S.; McCrary, S.; McBride, A. Volunteering as a pathway to productive and social engagement among
older adults. Health Educ. Behav. 2014, 41 (Suppl. S1), 84S–90S. [CrossRef] [PubMed]

18. Hutchinson, J.K.; Jones, F.; Griffith, G. Group and Common Factors in Mindfulness-Based Programmes: A Selective Review and
Implications for Teachers. Mindfulness 2021, 12, 1582–1596. [CrossRef]

19. Ory, M.G.; Ahn, S.; Jiang, L.; Lorig, K.; Ritter, P.; Laurent, D.D.; Whitelaw, N.; Smith, M.L. National study of chronic disease
self-management: Six-month outcome findings. J. Aging Health 2013, 25, 1258–1274. [CrossRef]

20. Barkan, T.; Hoerger, M.; Gallegos, A.M.; Turiano, N.A.; Duberstein, P.R.; Moynihan, J.A. Personality Predicts Utilization of
Mindfulness-Based Stress Reduction During and Post-Intervention in a Community Sample of Older Adults. J. Altern. Complement.
Med. 2016, 22, 390–395. [CrossRef]

21. Terwee, C.B.; Bot, S.D.; de Boer, M.R.; van der Windt, D.A.; Knol, D.L.; Dekker, J.; Bouter, L.M.; de Vet, H.C. Quality criteria were
proposed for measurement properties of health status questionnaires. J. Clin. Epidemiol. 2007, 60, 34–42. [CrossRef]

22. Luszczynska, A.; Scholz, U.; Schwarzer, R. The general self-efficacy scale: Multicultural validation studies. J. Psychol. 2005, 139,
439–457. [CrossRef] [PubMed]

23. Ritter, P.L.; Lorig, K. The English and Spanish Self-Efficacy to Manage Chronic Disease Scale measures were validated using
multiple studies. J. Clin. Epidemiol. 2014, 67, 1265–1273. [CrossRef] [PubMed]

24. Schwarzer, R. Health-Specific Self-Efficacy Scales. Available online: https://userpage.fu-berlin.de/~{}health/healself.pdf
(accessed on 26 November 2021).

25. The American College of Lifestyle Medicine (ACLM). 2021. Available online: https://www.lifestylemedicine.org/ (accessed on
11 January 2022).

26. Lorig, K.R.; Sobel, D.S.; Ritter, P.L.; Laurent, D.; Hobbs, M. Effect of a self-management program on patients with chronic disease.
Eff. Clin. Pract. 2001, 4, 256–262. [PubMed]

27. Booth, M. Assessment of Physical Activity: An International Perspective. Res. Q. Exerc. Sport 2000, 71 (Suppl. S2), 114–120.
[CrossRef] [PubMed]

28. Bush, K.; Kivlahan, D.R.; McDonell, M.B.; Fihn, S.D.; Bradley, K.A. The AUDIT alcohol consumption questions (AUDIT-C): An
effective brief screening test for problem drinking. Ambulatory Care Quality Improvement Project (ACQUIP). Alcohol Use
Disorders Identification Test. Arch. Intern. Med. 1998, 158, 1789–1795. [CrossRef]

29. Cohen, S.; Kamarck, T.; Mermelstein, R. A global measure of perceived stress. J. Health Soc. Behav. 1983, 24, 385–396. [CrossRef]
30. Kocalevent, R.-D.; Berg, L.; Beutel, M.E.; Hinz, A.; Zenger, M.; Härter, M.; Nater, U.; Brähler, E. Social support in the general

population: Standardization of the Oslo social support scale (OSSS-3). BMC Psychol. 2018, 6, 31. [CrossRef]
31. Ortega Suárez, F.J.; Sánchez Plumed, J.; Pérez Valentín, M.A.; Pereira Palomo, P.; Muñoz Cepeda, M.A.; Lorenzo Aguiar, D.;

Grupo de Estudio, V. Validation on the simplified medication adherence questionnaire (SMAQ) in renal transplant patients on
tacrolimus. Nefrologia 2011, 31, 690–696.

32. Kroenke, K.; Strine, T.W.; Spitzer, R.L.; Williams, J.B.; Berry, J.T.; Mokdad, A.H. The PHQ-8 as a measure of current depression in
the general population. J. Affect. Disord. 2009, 114, 163–173. [CrossRef]

33. Ware, J., Jr.; Kosinski, M.; Keller, S.D. A 12-Item Short-Form Health Survey: Construction of scales and preliminary tests of
reliability and validity. Med. Care 1996, 34, 220–233. [CrossRef]

34. Brooks, R. EuroQol: The current state of play. Health Policy 1996, 37, 53–72. [CrossRef]
35. Kuyken, W.; Hayes, R.; Barrett, B.; Byng, R.; Dalgleish, T.; Kessler, D.; Lewis, G.; Watkins, E.; Brejcha, C.; Cardy, J.; et al.

Effectiveness and cost-effectiveness of mindfulness-based cognitive therapy compared with maintenance antidepressant treatment
in the prevention of depressive relapse or recurrence (PREVENT): A randomised controlled trial. Lancet 2015, 386, 63–73.
[CrossRef]

36. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Academic Press: New York, NY, USA, 1977.
37. Bandura, A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol. Rev. 1977, 84, 191–215. [CrossRef] [PubMed]

http://doi.org/10.1001/jamainternmed.2013.13018
http://doi.org/10.1146/annurev-psych-042716-051139
http://www.ncbi.nlm.nih.gov/pubmed/27687118
http://doi.org/10.1097/HRP.0000000000000277
http://www.ncbi.nlm.nih.gov/pubmed/33156156
http://doi.org/10.1007/s12529-014-9448-9
http://doi.org/10.1186/s12889-019-6979-7
http://doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/pubmed/23303884
http://doi.org/10.1177/1090198114540463
http://www.ncbi.nlm.nih.gov/pubmed/25274715
http://doi.org/10.1007/s12671-021-01596-7
http://doi.org/10.1177/0898264313502531
http://doi.org/10.1089/acm.2015.0177
http://doi.org/10.1016/j.jclinepi.2006.03.012
http://doi.org/10.3200/JRLP.139.5.439-457
http://www.ncbi.nlm.nih.gov/pubmed/16285214
http://doi.org/10.1016/j.jclinepi.2014.06.009
http://www.ncbi.nlm.nih.gov/pubmed/25091546
https://userpage.fu-berlin.de/~{}health/healself.pdf
https://www.lifestylemedicine.org/
http://www.ncbi.nlm.nih.gov/pubmed/11769298
http://doi.org/10.1080/02701367.2000.11082794
http://www.ncbi.nlm.nih.gov/pubmed/25680021
http://doi.org/10.1001/archinte.158.16.1789
http://doi.org/10.2307/2136404
http://doi.org/10.1186/s40359-018-0249-9
http://doi.org/10.1016/j.jad.2008.06.026
http://doi.org/10.1097/00005650-199603000-00003
http://doi.org/10.1016/0168-8510(96)00822-6
http://doi.org/10.1016/S0140-6736(14)62222-4
http://doi.org/10.1037/0033-295X.84.2.191
http://www.ncbi.nlm.nih.gov/pubmed/847061


Int. J. Environ. Res. Public Health 2022, 19, 13145 13 of 13

38. Gawande, R.; To, M.N.; Pine, E.; Griswold, T.; Creedon, T.B.; Brunel, A.; Lozada, A.; Loucks, E.B.; Schuman-Olivier, Z. Mindfulness
Training Enhances Self-Regulation and Facilitates Health Behavior Change for Primary Care Patients: A Randomized Controlled
Trial. J. Gen. Intern. Med. 2019, 34, 293–302. [CrossRef]

39. Nielsen, L.; Riddle, M.; King, J.W.; NIH Science of Behavior Change Implementation Team; Aklin, W.M.; Chen, W.; Clark, D.;
Collier, E.; Czajkowski, S.; Esposito, L.; et al. The NIH Science of Behavior Change Program: Transforming the science through a
focus on mechanisms of change. Behav. Res. 2018, 101, 3–11. [CrossRef]

40. Brewer, J. Mindfulness training for addictions: Has neuroscience revealed a brain hack by which awareness subverts the addictive
process? Curr. Opin. Psychol. 2019, 28, 198–203. [CrossRef]

41. Tawakol, A.; Ishai, A.; Takx, R.A.; Figueroa, A.L.; Ali, A.; Kaiser, Y.; Truong, Q.A.; Solomon, C.J.; Calcagno, C.; Mani, V.; et al.
Relation between resting amygdalar activity and cardiovascular events: A longitudinal and cohort study. Lancet 2017, 389,
834–845. [CrossRef]

42. Vaccarino, V.; Almuwaqqat, Z.; Kim, J.H.; Hammadah, M.; Shah, A.J.; Ko, Y.A.; Elon, L.; Sullivan, S.; Shah, A.; Alkhoder, A.; et al.
Association of Mental Stress-Induced Myocardial Ischemia with Cardiovascular Events in Patients with Coronary Heart Disease.
JAMA 2021, 326, 1818–1828. [CrossRef]

43. Visseren, F.L.J.; Mach, F.; Smulders, Y.M.; Carballo, D.; Koskinas, K.C.; Bäck, M.; Benetos, A.; Biffi, A.; Boavida, J.M.; Capodanno,
D.; et al. 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice. Eur. Heart J. 2021, 42, 3227–3337.
[CrossRef]

44. Hakulinen, C.; Pulkki-Råback, L.; Virtanen, M.; Jokela, M.; Kivimäki, M.; Elovainio, M. Social isolation and loneliness as risk
factors for myocardial infarction, stroke and mortality: UK Biobank cohort study of 479 054 men and women. Heart 2018, 104,
1536–1542. [CrossRef]

45. Lindsay, E.K.; Young, S.; Brown, K.W.; Smyth, J.M.; Creswell, J.D. Mindfulness training reduces loneliness and increases social
contact in a randomized controlled trial. Proc. Natl. Acad. Sci. USA 2019, 116, 3488–3493. [CrossRef] [PubMed]

http://doi.org/10.1007/s11606-018-4739-5
http://doi.org/10.1016/j.brat.2017.07.002
http://doi.org/10.1016/j.copsyc.2019.01.014
http://doi.org/10.1016/S0140-6736(16)31714-7
http://doi.org/10.1001/jama.2021.17649
http://doi.org/10.1093/eurheartj/ehab484
http://doi.org/10.1136/heartjnl-2017-312663
http://doi.org/10.1073/pnas.1813588116
http://www.ncbi.nlm.nih.gov/pubmed/30808743

	Introduction 
	Methods 
	Study Design 
	Recruitment and Eligibility Criteria 
	Intervention 
	Outcome Measures 
	Other Measures 
	Power Considerations 
	Statistical Methods 

	Results 
	Description of Participants 
	Adherence to Interventions and Follow-Up Attrition 
	Outcomes 
	Satisfaction and Adverse Events 

	Discussion 
	Conclusions 
	References

