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Abstract 

Background: Hypertension (HTN) is widely implicated in the prevention and management of 

Atrial Fibrillation (AF), given its centrality in AF pathogenesis and prognosis. As impaired 

autonomic cardiovascular functioning is the basis of both conditions, strategies that improve 

autonomic balance can reduce HTN-AF burden.  

Methods: The objective of this study was to evaluate the effectiveness of a 16-week mindfulness-

based risk reduction (MBRR) coaching program compared to a diet-based risk reduction coaching 

(DBRR) coaching program based on the Dietary Approaches to Stop Hypertension (DASH) 

guidelines. The primary outcome was 24-hr ambulatory systolic blood pressure (SBP) during 

waking and sleeping.  

Results: In 30 stable AF patients with elevated waking SBP (≥ 135mmHg), results for SBP showed 

statistically significant main effects of time, indicating overall mean reductions in SBP from 

baseline to 8-weeks (Waking: -6.68, p = 0.002; Sleeping: -5.88, p = 0.006), and from baseline to 

16-weeks (Waking: -9.68, p = 0.0001; Sleeping: -6.46, p = 0.009) irrespective of study 

interventions. Participants in both groups also showed statistically significant improvements from 

baseline to 8 and 16-weeks in indices of general anxiety, cardiac anxiety, POMS tension, anger, 

and confusion subscales, along with improvements in mindfulness describing and nonreactivity 

facets, with no statistically significant between-group differences.  

Discussion: Both MBRR and DBRR were effective in lowering SBP during waking and sleeping. 

Both groups also saw improvements in general and cardiac anxiety, in addition to other mood and 

mindfulness indices, supporting the use of MBRR and DBRR interventions in AF. 

 



 

iii 
 

Acknowledgements  

In completion of this dissertation, I would like to thank my supervisor Dr. Paul Ritvo for all the 

inspiration, support, and mentorship in every step of my graduate studies and academic 

development. I would also like to thank members of my committee: Dr. Chris Ardern and Dr. Joel 

Katz who played an integral part in my academic development. 

I would like to also thank Dr. Yaariv Khaykin for his support, mentoring, and the opportunity to 

offer mindfulness and lifestyle-based risk reduction coaching at the Partners in Advanced Cardiac 

Evaluation (PACE) Cardiology.  

This research would not have been possible without the kind support and consideration from 

patients, physicians, nurses, research, and administrative staff of PACE Cardiology and the 

Cardiovascular Rehabilitation Clinic. I want to appreciate them for their kindness and compassion 

in delivering quality healthcare.  

Last, but not least, I would like to thank my family for their love and support throughout my life, 

something I cherish more and more as the years go by.  

 

 

 

 

 

 

 

 

 

 
 



 

iv 
 

Table of Contents 

Abstract ........................................................................................................................................... ii 

Acknowledgements ........................................................................................................................ iii 

Table of Contents............................................................................................................................iv 

List of Tables..................................................................................................................................vi 

List of Figures................................................................................................................................vii 

List of Abbreviations....................................................................................................................viii 

1.0 Introduction ............................................................................................................................... 1 

1.1 Atrial Fibrillation and Hypertension: Autonomic Imbalance as a Common Link ................ 1 

1.2. Mindfulness, Autonomic Balance, and CVD Risk Reduction ............................................. 2 

1.3. Study Objectives .................................................................................................................. 2 

1.4 Hypotheses ............................................................................................................................ 3 

2.0 Literature Review...................................................................................................................... 4 

2.1 Current Perspectives on Cardiovascular Disease Management ............................................ 4 

2.1.1 The Increasing Burden of Morbidity .............................................................................. 4 

2.1.2 The Emerging Epidemic of Atrial Fibrillation ............................................................... 5 

2.1.3 The Leading role of Hypertension in CVD .................................................................... 6 

2.1.4 Autonomic Imbalance and Pathogenesis of Cardio-Metabolic Diseases ....................... 7 

2.2 Ambulatory Blood Pressure Monitoring in HTN Diagnosis and Management .................. 10 

2.3 The Promise of Risk Reduction in CVDs Prevention and Management ............................ 12 

2.3.1 Pharmacological and Lifestyle-based Risk Reduction ................................................. 12 

2.3.2 Mindfulness-based Interventions and CVD Risk Reduction ........................................ 13 

2.4 Personal Health Coaching as a Behavioural Self-Management Strategy ........................... 15 

3.0 Methods................................................................................................................................... 18 

3.1 Design and Eligibility.......................................................................................................... 18 

3.2 Procedures ........................................................................................................................... 18 

3.3 Intervention Group: Mindfulness-Based Risk Reduction ................................................... 19 

3.4 Comparison Group: Diet-based Risk Reduction ................................................................. 22 

3.5 Assessments ........................................................................................................................ 22 

3.5.1 ABPM Assessment ....................................................................................................... 22 

3.5.1.1 Primary ABPM Outcome...................................................................................... 23 

3.5.1.2 Additional ABPM Outcomes................................................................................ 23 

 



 

v 
 

3.5.2 Psychometric Outcomes ............................................................................................... 23 

 3.5.2.1 Hospital Anxiety and Depression Scale ............................................................... 23 

 3.5.2.2 Cardiac Anxiety Questionnaire ............................................................................ 24 

 3.5.2.3 Profile of Mood States - Short Form .................................................................... 24 

3.5.2.4 Five Facet Mindfulness Questionnaire - Short Form ........................................... 25 

3.5.2.5 Pittsburgh Sleep Quality Index ............................................................................. 25 

3.6 Sample Size Estimation ....................................................................................................... 25 

3.7 Statistical Analysis .............................................................................................................. 26 

4.0 Results ..................................................................................................................................... 27 

4.1 Participant Recruitment and Flow ....................................................................................... 27 

4.2 Participant Characteristics ................................................................................................... 28 

4.3 ABPM Characteristics ......................................................................................................... 29 

4.4 ABPM Outcome Evaluation ............................................................................................... 33 

4.4.1 Waking and Sleep SBP (LMM) .................................................................................... 33 

4.4.2 Waking and Sleep SBP (RM-ANOVA) ....................................................................... 33 

4.4.3 Nocturnal SBP Dipping (LMM) ................................................................................... 34 

4.4.4 Nocturnal SBP Dipping (RM-ANOVA) ...................................................................... 34 

4.4.5 Additional Outcomes (LMM) ....................................................................................... 34 

4.4.6 Additional Outcomes (RM-ANOVA) .......................................................................... 35 

4.5 Psychometric Outcome Evaluation (LMM) ........................................................................ 40 

4.6 Psychometric Outcome Evaluation (RM-ANOVA) ........................................................... 41 

5.0 Discussion ............................................................................................................................... 49 

6.0 Conclusions ............................................................................................................................. 58 

7.0 References ............................................................................................................................... 59 

8.0 Appendices .............................................................................................................................. 85 

Appendix A Psychological Questionnaires ............................................................................... 85 

Appendix B Informed Consent Form ........................................................................................ 92 

Appendix C Research Ethics Approvals ................................................................................... 97 

Appendix D Activity Log ........................................................................................................ 105  

 

 

 



 

vi 
 

List of Tables 

Table 1  Major topics and themes outlined within weekly reading ………………………... 21 
Table 2  Demographic and clinical characteristics of study participants at baseline …….... 31 
Table 3a  Mean and standard deviations for ABPM parameters at study time points under 

LMM ……………………………………………………………………………... 36 
Table 3b Mean and standard error for ABPM parameters at study time points under RM-

ANOVA ………………………………………………………………………….. 38 
Table 4a Mean and standard deviations for psychological parameters and global PSQI at 

study time points under LMM …..……………………………………………….. 43 
Table 4b Mean and standard deviations for psychological parameters and global PSQI at 

study time points under RM-ANOVA …………………………………………… 46 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

vii 
 

 List of Figures 
Figure 1  Study enrollment flow diagram ………………………........................................ 28 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

viii 
 

List of Abbreviations 
ACE Angiotensin Converting Enzyme 
AF Atrial Fibrillation 
ANS Autonomic Nervous System 
BP Blood Pressure 
BPL Blood Pressure Load 
BPV Blood Pressure Variability 
BRS Baroreceptor Sensitivity  
CAQ The Cardiac Anxiety Questionnaire   
CVD Cardiovascular Diseases 
DASH Dietary Approach to Stop Hypertension 
DBP Diastolic Blood Pressure 
DBPL Diastolic Blood Pressure Load 
DBPV Diastolic Blood Pressure Variability 
DBRR Diet-based Risk Reduction  
FFMQ-SF Five Factor Mindfulness Questionnaire - Short Form 
HADS Hospital Anxiety and Depression Scale 
HFA Heart Focused Anxiety 
HRV Heart Rate Variability 
HTN Hypertension 
LF Low Frequency 
LVEF Left Ventricular Ejection Fraction  
MBCT Mindfulness-based Cognitive Therapy 
MBI Mindfulness-based Interventions  
MBRR Mindfulness-based risk reduction 
MBSR Mindfulness-based Stress Reduction 
MCID Minimal Clinically Important Difference  
MSNA Muscle Sympathetic Nerve Activity  
PACE Partners in Advanced Cardiac Evaluation 
PNS Parasympathetic Nervous System 
POMS-SF Profile of Mood States - Short Form 
PVAI Pulmonary Vein Antrum Isolation  
RAAS Renin–Angiotensin–Aldosterone System 
RM-ANOVA Repeated measures analysis of variance  
RSDN Renal Sympathetic Denervation 
SBP Systolic Blood Pressure 
SBPL Systolic Blood Pressure Load 
SBPV Systolic Blood Pressure Load 
SDNN Standard Deviation of Normal to Normal RR intervals 
SNS Sympathetic Nervous System 
SRHC Southlake Regional Health Centre 
VLF Very Low Frequency 
 

 
 



 

1 
 

1.0 Introduction  

1.1 Atrial Fibrillation and Hypertension: Autonomic Imbalance as a Common Link 

 Atrial fibrillation (AF) is the most prevalent cardiac rhythm dysfunction, characterized by 

rapid irregular atrial electrical activity, uncoordinated atrio-ventricular contractions, and an 

increased likelihood of thrombogenesis.1 Globally, AF affected an estimated 33 million individuals 

in 2010,2 and is projected to reach between 12-16 million individuals by 2050 in the United states,3 

and between 14-18 million individuals by 2060 in the European Union.4,5 Driven largely by 

progressive structural, functional, and electrical remodeling in response to hypertension (HTN),6,7 

AF is associated with nearly 2-5 times elevated risk of cardiovascular diseases (CVD), notably 

coronary artery disease, ischemic stroke, and heart failure, and places those affected at twice the 

risk of mortality.8 In effect, given HTN’s importance in AF pathophysiology, AF is commonly 

regarded as a secondary consequence of hypertensive heart disease,9,10 a diagnostic classification 

representing HTN-related structural changes in the myocardium and coronary arteries.  

 Autonomic nervous system (ANS) imbalance, characterized by sympathetic nervous 

system (SNS) hyperactivity and/or parasympathetic (PNS) hypo-activity, has prominently been 

implicated in the pathogenesis and progression of both HTN and AF,11-15 indicating a common 

pathophysiologic link. Accordingly, reduction of HTN and by extension excess SNS activity are 

critical steps in prevention and management of HTN and AF. Predominantly medical and 

pharmacologically-based, HTN and AF management strategies include: (a) catheter-based ablation 

procedures, specifically renal sympathetic denervation (RSDN) in treatment of resistant HTN and 

pulmonary vein isolation ablation (PVAI) in treatment of AF,16-18 and more commonly (b) 

pharmacological anticoagulation and inhibition of the renin–angiotensin–aldosterone system 

(RAAS), shown to be effective in lowering the risks of AF development,19-22 AF recurrence post-
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ablation,19,21 and adverse CVD outcomes (e.g. cardiovascular events, heart failure) in high-risk 

patients,23 in addition to lowering blood pressure and vascular damage.24,25 

1.2. Mindfulness, Autonomic Balance, and CVD Risk Reduction 

 While HTN and AF management strategies prioritize medical and pharmacological 

management, behavioural approaches, including mindfulness-based strategies have seen 

increasing applications in CVD management.26-28 In addition to mental health benefits,29 

mindfulness, practiced through sitting meditation and mindful awareness of daily life, improves 

autonomic (SNS-PNS) balance,30,31 indicating their potential as viable self-regulatory mechanisms 

and personal resource in countering excess SNS and/or low PNS prevalent in HTN, CVD, and the 

broader chronic disease context. Indeed, SNS-PNS imbalance, manifested in neural, hormonal, 

and immune-related aberrations, appears to be the common psycho-physiological mechanism 

linking psychological phenomena, including chronic stress,32 maladaptive personality attributes 

(i.e. neuroticism, negative affectivity, hostility, social inhibition),33-36 coping styles (i.e. defensive 

coping),37 and psychopathology,38-40 with CVD development and progression. Conversely, greater 

psychological resilience and resting PNS (vagal) tone are linked to more adaptive stress recovery 

responses,41,42 suggesting therapeutic usefulness of psychophysiological PNS-enhancement 

strategies, including mindfulness meditation, psychotherapy, and relaxation-based  interventions, 

in CVD risk reduction and management.  

1.3. Study Objectives 

 To evaluate the effectiveness of MBRR compared to DBRR in improving mean SBP during 

waking and sleeping periods. This additionally include evaluation of psychological status, 

including indices of mood, anxiety, mindfulness, and sleep quality.  
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1.4 Hypotheses  

We hypothesize SBP to improve in both MBRR and DBRR groups during periods of 

waking. However, we hypothesized the MBRR group to show significantly greater improvement 

in SBP during sleeping, in light of nocturnal SBP being an indicator of AI, in addition to previous 

research on the effectiveness of Mindfulness-based Interventions (MBI) in improving SNS-PNS 

balance. In relation to psychometric outcomes, we hypothesized the MBRR group to show greater 

improvements in psychological status, including anxiety, heart focused anxiety, and sleep quality.  
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2.0 Literature Review 

2.1 Current Perspectives on Cardiovascular Disease Management 

2.1.1 The Increasing Burden of Morbidity 

 Cardiovascular diseases (CVD), primarily ischemic heart disease, cerebrovascular disease, 

and hypertensive heart disease, accounted for nearly 18 million global deaths in 2015-2016, 

representing a 14.5% increase in deaths since 2006 worldwide.43,44 As the largest source of global 

morbidity and mortality,43 CVD mortality trends show marked differences between low-middle 

income and economically-developed counties, characterized by: (a) progressive increases in CVD 

mortality in low-middle income countries, indicative of a demographic and epidemiologic 

transition toward chronic non-infectious diseases,45,46 and  (b) steady declines in absolute and age-

standardized CVD mortality across economically-developed countries,47-51 reflecting greater 

efforts at risk factor management and medical therapies.52,53 In fact, recently, cancers have begun 

to surpass CVD as the leading cause of death in Canada,54 United Kingdom,51 19 states of the 

United States,55 and most western European countries,56 a trend partly explained by improvements 

in CVD survival.  

 Despite encouraging trends in CVD mortality reduction in economically-developed 

nations, the burden of morbidity from CVD is on the rise, considering the increasing prevalence 

of cardio-metabolic risk factors in younger and socioeconomically-disadvantaged sectors of the 

population,57-62 and the growing need for continued medical care in an ageing population often 

living with multiple chronic conditions. According to various national estimates, multimorbidity, 

defined as co-occurrence of two or more chronic conditions in the same individual, is prevalent in 

as many as 30-90% of adults over the aged 45 and above.63-67 Multimorbidity is especially common 

among cardio-metabolic risk factors and disorders, with HTN, hyperlipidemia, ischemic heart 
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disease, and diabetes among the most commonly clustered conditions.68,69 An increasing reality in 

current chronic disease management, multimorbidity presents healthcare professionals and 

patients with significant challenges, giving rise to greater complexity in medical and self-care 

regimens,69,70 reduced quality of life,71 increased healthcare utilization-costs,72 and mortality.73,74 

2.1.2 The Emerging Epidemic of Atrial Fibrillation 

 As a deviation from the normal atrio-ventricular electrical conduction and contraction 

sequence, AF involves rapid uncoordinated atrial contractions driven by multiple ectopic signal-

generating foci and re-entrant circuits,1,75 leading to a range of cellular, structural, and functional 

changes within the left atrium that increase the potential for thrombogenesis and 

thromboembolism.1,76 Affecting an estimated 33.5 million individuals globally in 2010,2 AF is 

independently associated with increased risk of ischemic stroke (pooled relative risk: 2.3), 

ischemic heart disease (pooled relative risk: 1.6), congestive heart failure (pooled relative risk: 

4.9), cardiovascular events (pooled relative risk: 1.9), sudden cardiac death (pooled relative risk: 

1.8), and mortality (pooled relative risk: 1.5-2.0).8 AF-related symptoms (e.g. palpitations, 

dyspnea, fatigue, and chest pain) are further associated with substantial reductions in quality of 

life, manifesting as declines in physical and psychological functioning.77,78 Accordingly, AF 

management guidelines prioritize: (a) sinus rhythm restoration using pharmacological, electrical 

cardioversion, and cardiac ablation approaches along with (b) CVDs risk reduction through 

antihypertensive and anticoagulant medications in reducing the risk of stroke and heart failure.79,80  

 According to global and country-specific evaluations,2,3,81,82 age-standardized incidence 

and prevalence rates of AF rates have progressively increased since the 1960s, reflecting the ageing 

of populations, increasing prevalence cardio-metabolic risk factors, and improving screening and 

diagnostic abilities.2,3,5,81 In the coming years, AF prevalence is projected to increase to an 
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estimated 12-16 million individuals in the United States by 2030-2050,3 and to 14-18 million 

individuals in the European Union between 2030-2060.4,5 AF-related-conditions and 

hospitalizations are therefore expected to result in substantial economic burden on healthcare 

systems across the globe,5,83   underscoring the importance of timely AF diagnosis and treatment 

in reducing subsequent AF-related complications and economic burden.  

2.1.3 The Leading role of Hypertension in CVD  

 As the leading risk factor behind global morbidity and mortality trends,84 HTN affects an 

estimated 30 percent (1.13-1.39 billion individuals) of the global adult population.85,86 According 

to current international estimates, global HTN prevalence increased by 5.2 percent increase 

between 2000-2010,86 and is ultimately projected to significantly affect 1.56 billion individuals by 

2025.87 Despite this increase in global HTN prevalence, international estimates show important 

regional variations, demonstrated by reductions in age-standardized prevalence within high 

income (-2.6% between 2000-2010) versus less economically-developed regions (+7.9% between 

2000-2010).86 An etiologically complex phenomenon,88 HTN plays a central role in the 

development of CVDs, including coronary artery disease,89 cardiac arrhythmias,7,10 heart 

failure,90,91 stroke,92 and chronic kidney disease.93  

 Chronic elevation of blood pressure (BP) is a key driver of adverse structural, 

inflammatory, electrical, and functional remodeling within the myocardium,94 manifesting in left 

ventricular hypertrophy,90,95 left atrial enlargement,96,97 and myocardial fibrosis.98,99 Similarly, at 

vasculature, chronically elevated BP induces a range of adverse structural and inflammatory 

changes within the vascular smooth muscle and endothelium, setting the stage for increased 

vasoconstriction, atherosclerosis, and systemic vascular resistance.94,100,101 The resultant 

hemodynamic and pro-inflammatory stress further predispose to changes in cardiac electrical 
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activity,7,10 ultimately disrupting coordinated atrio-ventricular contractions seen in cardiac 

arrhythmias. 

2.1.4 Autonomic Imbalance and Pathogenesis of Cardio-Metabolic Diseases 

The ANS, comprised of SNS and PNS branches, plays a central role in regulation of 

physiological balance across multiple bodily systems, predominantly the cardiovascular,102,103 

digestive,104 immune,103,105 metabolic,106-108 respiratory,103 and thermoregulatory systems.109 In 

regulation of multiple physiologic functions, the ANS remains responsive to multiple physiologic 

and environmental perturbations, mobilizing the SNS in response to threatening physical and 

psychological stressors (actual or anticipated), and activating the PNS as a vital counterbalancing 

influence against excess SNS activation, thereby restoring SNS-PNS balance and stable 

physiological functioning.110  

Recent years have seen a growing understanding of the role of autonomic imbalance (AI) 

in the pathogenesis and progression of cardiovascular,11,111,112 metabolic,106-108 inflammatory,113 

and psychiatric disorders.114 AI, indicated by a hyperactive SNS without a counterbalancing PNS 

(i.e. Vagal) influence, is prominently involved in the impaired regulation of heart rate,115 BP,111,116 

cardiac electrical activity,117 and endothelial function.118,119 AI is known to precede the 

development of conventional CVDs risk factors and facilitates sub-clinical left ventricular 

hypertrophy, renal damage, and subsequent disease progression.111,112,116  

AI, indicated by an elevated resting heart rate and a relatively slower heart rate recovery 

post-exertion, has been shown to independently predict all-cause mortality.115,120 As ANS input is 

the primary influence in regulation of heart rate, increased heart rates at rest, exertion, and recovery 

remain important indicators of excess SNS and/or low PNS tone.115,120,121 Likewise, evaluations 

heart rate variability (HRV) provide important indications of AI, signified by low SDNN time 
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intervals (i.e. standard deviation of the normal to normal R-R time intervals) and high values in 

low frequency (LF) and very low frequency (VLF) bands, commonly associated with cardio-

metabolic morbidity and all-cause mortality.112,122-126 

Excess SNS activity, driven by physical and psychological stressors, is a central 

mechanism of HTN development and maintenance, observed among at-risk non-hypertensive, pre-

hypertensive, and individuals with established HTN.116,127,128 The ANS regulates BP through a 

range of neuro-hormonal mechanisms, primarily: (a) the arterial and cardiopulmonary 

baroreceptors, BP sensing neurons located along the carotid sinus and the aortic arch, and (b) the 

renin angiotensin-aldosterone system (RAAS), a complex neuro-hormonal network involving the 

SNS and the hormones renin, angiotensin I, angiotensin-converting enzyme (ACE), angiotensin 

II, and aldosterone.129-131  

Arterial baroreceptors, sense both increases and declines in BP, in turn activating the 

appropriate ANS response (i.e. increased PNS activation and decreased SNS activation in case of 

elevated BP), thus initiating subsequent changes in heart rate and vascular tone, including 

reduction in heart rate and vascular resistance to maintain steady BP levels. Reduced arterial 

baroreceptor sensitivity (BRS), characterized by a diminished PNS (i.e. vagal) compensatory 

action in response to increased BP, is an important marker of AI, contributing to impaired 

regulation of BP.128,130-132 Reduced BRS has been observed among non-hypertensive but obese 

children,133,134 adolescents,133,135and adults.136 Reduced BRS has further been associated cardio-

metabolic disease progression,137-139 RSDN treatment response,140 and increased risk of CVD 

complications and mortality in HTN,141 myocardial infarction,142-145 acute stroke,146 and heart 

failure.147 
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The RAAS serves as another BP regulatory mechanism, intricately linking the central 

nervous system, ANS, and peripheral tissues. A decrease in renal perfusion pressure, sodium 

chloride concentrations, in addition to increased SNS activity, serve as initial stimuli for the 

synthesis of the hormone Renin within the kidney’s juxtaglomerular cells. Renin, acts as the first 

step in the synthesis of Angiotensin I, a precursor of Angiotensin II, an important vasoconstrictor 

and a stimulus for aldosterone secretion, a regulator of sodium and water reabsorption, together 

increasing BP.131,148 AI, mediated by dysfunctional baroreceptor and amplified RAAS activity (i.e. 

increased Angiotensin II cardiac and vascular effects), therefore plays a key role in HTN 

pathogenesis. AI is liked to AF development through its role in establishing chronic HTN, in turn 

promoting structural, functional, and electrical remodeling within the cardiovascular system.7,149 

Nocturnal non-dripping in systolic blood pressure (SBP), another indication of AI, has further been 

liked to AF development, evident by non-dippers having nearly twice elevated risk of AF 

development compared to dippers after adjustments 24-hr BP and for left ventricular enlargement/ 

hypertrophy.150  

More direct evaluations of AI reflected in HRV indices have provided additional evidence 

on links between SNS-PNS tone and AF development.14,151 In the first study, using 45-minute 

ambulatory electrocardiogram measurements in 784 middle aged adults, Perkiömäki et al.,151 

found reduced LF HRV band to be independently associated with incident AF (Hazard ratio: 2.81) 

after an average 16.5 years of follow-up after adjustment multiple demographic and clinical 

variables. More recently, Agarwal et al.14 evaluated HRV using 2-min electrocardiogram 

recordings in 11,715 middle-aged adults and found independent associations between lower 

baseline SDNN time intervals, LF HRV, and high frequency (HF) values and increased risk of AF 

development following 20 years (Hazard ratio: 1.12, 1.16, 1.10 for 1 SD lower SDNN, LF HRV, 
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and HF HRV respectively). While the LF HRV band has typically been viewed to reflect SNS 

activity, more recent understandings indicate LF and HF bands to reflect the PNS influence on the 

heart,152,153 underscoring the role of AI, specifically low PNS tone, in AF development.  

2.2 Ambulatory Blood Pressure Monitoring in HTN Diagnosis and Management 

Accurate evaluation of BP is central to the prevention and management of HTN. BP is 

routinely assessed in clinic and more recently at home using single or multiple measurements in 

close succession. Nonetheless, the importance of repeated BP measurements over longer periods 

of time had been recognized as early as the 1960s as clinic-based BP evaluations were found to be 

poor estimates of BP in non-clinical settings.154-157 Efforts at continuous out-of-clinic measurement 

started shortly thereafter with the development of non-invasive ABPM devices.158 These 

developments continue to the present day as advances in electronic technology and digital 

connectivity provide additional opportunities for remote capture, transmission, and monitoring of 

BP and other clinical indicators.159 

In contrast to conventional clinic-based BP assessments, 24-hour ABPM conducts multiple 

BP measurements at regular intervals throughout the 24-hour period during daily activities and 

sleep. 24-hour ABPM further enables differentiating between episodic (i.e. white coat 

hypertension) and sustained elevations in BP. Compared to conventional clinic-based assessments, 

ABPM-derived BP has emerged as a stronger predictor of target organ damage,160 CVD morbidity, 

and mortality.149,161-167 In addition, elevated BP during sleep, characterized by either nocturnal 

HTN (i.e. ≥ 120 mmHg in systolic BP) or nocturnal non-dipping (i.e. < 10% decline in  sleep time 

BP relative to waking values),168 has emerged as a novel prognostic indicator of cardiovascular 

risk, exhibiting stronger associations with morbidity and mortality than ABPM values during 

daytime/ waking periods.149,161-163,169-171  
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While both nocturnal HTN and dipping provide indications of BP dynamics during sleep, 

in comparing these measures, several recent evaluations indicate nocturnal HTN (an absolute 

indicator of nocturnal hemodynamic stress) to exhibit stronger associations with indices of sub-

clinical cardiac,169,172-176 vascular,172,175-177 and renal169,176,178 damage than nocturnal non-dipping. 

Similarly, though both nocturnal HTN and non-dipping represent elevated CVD risk, a 

comparative review on their respective relationships with CVD morbidity and mortality found 

nocturnal HTN a more robust indicator of CVDs events and all-cause mortality compared to 

nocturnal non-dipping.172 

Nocturnal HTN and non-dipping could indeed represent different underlying pathologies 

or stages of disease severity; in particular nocturnal HTN represents a direct measure of absolute 

nocturnal hemodynamic stress while nocturnal non-dipping could indicate stronger AI, a 

characteristic of more advanced disease.179,180 For instance, in an evaluation of nearly 43,000 

treated and untreated HTN patients within the Spanish ABPM registry,179 de la Sierra et al. found 

nocturnal systolic non-dipping to be associated with increased age (i.e. ≥ 60 years), body mass 

index (i.e. ≥ 30 kg/m2), diabetes mellitus, CVD, and renal disease after statistical adjustments for 

24-hour systolic and diastolic pressures. In a subsequent investigation within the same registery,180 

de la Sierra et al. further demonstrated distinct patterns of association between nocturnal systolic 

HTN and non-dipping with indices of cardiovascular risk and renal function. In particular, these 

included independent associations between nocturnal systolic HTN with smoking, diabetes 

mellitus, microalbuminuria (an early sign of renal dysfunction), and between nocturnal systolic 

non-dipping and smoking, diabetes mellitus (only among the untreated patients), more severe renal 

dysfunction and previous CVDs. Nonetheless, the presence of nocturnal systolic HTN and non-

dipping together confers the highest degree of CVD risk.174,176,180 
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24-hour ABPM, compared to conventional modes of BP assessment, further facilitates 

evaluations of additional hemodynamic indicators, including blood pressure load (BPL), defined 

as the percentage of 24-hour ABPM readings above HTN diagnostic thresholds (e.g. Waking: % 

readings >135/85; Sleeping: % readings > 120/70 mmHg),168 and blood pressure variability (BPV), 

a volatility-type measure of activity, psychological, or pathophysiologically-related variations 

around mean BP or between successive measurements.181,182  

Though BPL and BPV remain less frequently explored than BP averages, increased BPL 

has shown to be significantly associated with the extent of left ventricular hypertrophy,97,183 

endothelial dysfunction,184 and impaired renal function in non-hypertensives and those with 

established HTN.183 Nonetheless, the contribution of BPL to improvements in CVDs risk 

prediction, beyond 24-hour ABPM averages, remain less established. In the only focal study to 

date, Li et al.185 did not find 24-hour systolic or diastolic BPL, when considered along with the 

respective 24-hour averages in the same model, to markedly improve prediction of 10-year risk of 

CVD-related morbidity and mortality in nearly 8700 middle-aged adults (with and without HTN). 

Long term, visit-to-visit BPV has also been shown to be associated with increased CVD, providing 

still another ABPM-derived indicator of increased CVDs risk.186 

2.3 The Promise of Risk Reduction in CVDs Prevention and Management  

2.3.1 Pharmacological and Lifestyle-based Risk Reduction 

 Cardiovascular risk reduction efforts, whether pharmacological or lifestyle-based, have 

played a central role in lowering CVDs  risk factors and mortality rates across economically-

developed countries.52 Pharmacological risk reduction, through statins, antihypertensives, and 

antithrombotics, is the main line of therapy in reducing BP,187-189 blood lipids,190,191 endothelial 
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dysfunction,192-194 and blood coagulation,195 thereby lowering the risk of atherogenesis, 

thrombosis, and future CVDs.196-202 

 Lifestyle modification, alone or in conjunction with conventional medical therapies, 

represents another viable strategy in primary and secondary prevention of CVDs.203-205 As 

predominantly lifestyle-based diseases, smoking, diet, and physical inactivity, and psychological 

stress represent chief modifiable lifestyle influences that precede the development of subclinical 

cardio-metabolic and vascular changes, and CVD, and clinical complications.33,206,207 In 

quantifying their respective influences, the INTERHEART and INTERSTROKE studies,207,208 

two global evaluations of modifiable risk factors in CVDs, found lifestyle behaviours, notably 

smoking, dietary choices (i.e. fruit, vegetable and alcohol consumption), physical activity, 

psychosocial stress, along with conventional lifestyle-influenced risk factors (i.e. elevated 

ApoB/ApoA1 lipid ratio, abdominal obesity, HTN, diabetes mellitus) together accounted for over 

90 percent of the population attributable fraction of myocardial infarction and stroke. In addressing 

this immense preventive potential, numerous epidemiological and interventional efforts have 

demonstrated success in quantifying the extent of risk reduction benefits conferred by various 

lifestyle-based approaches, notably: healthy dietary composition,209-211 physical activity,212-214 

stress reduction,215,216 and smoking cessation.217-219 

2.3.2 Mindfulness-based Interventions and CVD Risk Reduction  

Scientific interest on the physical and psychological effects of MBI has seen considerable 

growth in the past 40 years, in part due to the growing recognition of the role of cognitions, 

emotions, and behaviours in the pathogenesis, progression, and successful adjustment to physical 

and psychiatric disorders.33,220-222 While the specific elements of MBI vary, these generally involve 

elements of: (a) sitting mindfulness meditation, aimed at promoting present-focused, non-



 

14 
 

judgmental, moment to moment awareness of thoughts, emotions, and bodily sensations,223,224 (b) 

mindful awareness of movement within the context of low-impact physical activity (i.e. Yoga, Tai 

Chi),225 or (c) mindfulness meditation or related skills, as integrated within the structures of 

standard modern psychotherapies.226-230  

As a self-regulatory skill, mindfulness encompasses the capacity to intentionally attend to 

one’s present moment experience and non-judgmentally observe thoughts, feelings, sensations, 

and associated cognitive-emotional appraisals.224,231 Mindfulness of breath, thoughts, emotions, 

and sensations, formally practiced during sitting meditation is a central method of developing 

mindfulness.224 The practice involves: (a) focused attention on the breath as the primary attentional 

focus, (b) non-avoidant and non-judgmental observation of cognitions, emotions, and bodily 

sensations as they occur in the present moment, and (c) re-direction of attention back to breath in 

instances of mind-wondering and ruminative thinking, ultimately facilitating a more direct and 

objective perception of one’s subjective experience, devoid of past- or future-oriented ruminations.  

As a psychological construct, mindfulness is operationally defined to consist of a 

regulatory element, involving moment-to-moment regulation of attentional focus, and an 

attitudinal element, expressed by a receptive and non-avoidant stance toward one’s experience.232 

From a cognitive-behavioural standpoint, mindful awareness represents a departure from habitual, 

often automatic, and reactive styles of attending to experience towards a more adaptive perspective 

that is characterized by: (a) a de-centered, defused, and re-perceived relationship to one’s thoughts 

and emotions,229-231 (b) a greater awareness of metacognitions and underlying metacognitive 

beliefs,232-234 and (c) an enhanced sensory-affective de-coupling in the context of sensory 

discomfort.223 Accordingly, development of mindfulness as a key attention, cognitive, and 
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emotion-regulatory skill is a central goal of mindfulness-based interventions among healthy 

individuals and those with physical and psychiatric disorders.224,235 

Multiple literature syntheses of therapeutic MBI, including established Mindfulness-based 

Stress Reduction (MBSR) and Mindfulness-based Cognitive Therapy (MBCT), have supported 

the effectiveness of such programs in lowering anxiety and depressive symptoms,236-239 

psychological stress,239,240 preventing depression relapse,237,241 in addition to enhancing empathy 

and self-compassion242,243 among healthy239,240 and psychiatric populations.236-238,241 MBI have 

further seen applications in management of psychological health, disease-specific symptoms, 

autonomic imbalance, and related physiological markers in the context of physical illness, notably 

cancer,236 CVDs,27 and chronic pain,244 indicating their greater integration in chronic disease 

management.  

In particular, MBI have seen greater applications in CVD management, given the 

recognition of psychological stress, maladaptive coping styles, and the ensuing AI in CVDs 

development, progression, and effective management.33,222,245,246 These include evaluations of 

MBI impacts beyond mental health, towards a greater focus on their psychophysiological and 

CVD-related impacts, most notably in regulation of ANS, BP, and disease-specific symptoms.27,28  

2.4 Personal Health Coaching as a Behavioural Self-Management Strategy 

 Improving patient adherence to medication and lifestyle regimens has been a pressing 

priority in contemporary chronic disease management. Poor adherence to prescribed medications 

and healthy lifestyle practices substantially limits the effectiveness of medical or lifestyle-based 

risk reduction efforts, resulting in increased risks for hospitalizations 247-250 and mortality. 247,248,250-

253 A multifactorial process, patient adherence can be improved by an understanding of its patient, 

healthcare provider, and health system-level antecedents.254,255 More specifically, lack of 
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motivation and self-efficacy in fulfilling prescribed regimens on the patient side, shortage of 

individualized self-management and adherence support in care settings, and healthcare system’s 

establishment on an acute model of care,254-256 all point to the need for greater efforts to enhance 

patient adherence in an era where disease management success greatly depends on successful 

patient self-management.  

 In attempts to improve on the status quo of medical and behavioural risk reduction, the 

category of interventions that employ health coaching to enhance chronic disease self-management 

demonstrate significant potential.257-259 In contrast to traditional patient education, characterized 

by information provision and physician-directed medical management,256 health coaching aims to 

facilitate greater patient involvement in disease management via establishment of a supportive 

psycho-educational coaching relationship to: (a) provide personally-relevant disease management 

information, (b) support collaborative goal setting, problem solving, and self-efficacy, and (c) 

monitor adherence and address motivational barriers and complexities inherent in adoption of new 

behaviours.258,260 

 As a psycho-educational approach that incorporates psychological support alongside 

disease-specific education and skill development, health coaching’s theoretical focus is integrative 

in nature, utilizing specific and non-specific therapeutic factors.259,261 These include specific 

theoretical frameworks, such as motivational interviewing, social cognitive theory, and cognitive-

behavioural theory, and non-specific factors, notably a focus on empathic understanding, and 

active (reflective) listening, and therapeutic alliance (client-coach relationship), analogous to a 

common-factors approach to psychotherapy. 

  Nonetheless, despite similarities in theoretical bases and therapeutic goals, coaching is 

often contrasted with psychotherapy, as indicated by an interview study of professional coaches 
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and therapists.262 While they identified coaching to have a collaborative focus in facilitating/ 

guiding adoption of concrete disease-management or personal development objectives in non-

psychiatric populations,  by comparison, psychotherapy was characterized as therapists having an 

expert orientation, resulting in a more intensive exploration of patient’s psychological and 

interpersonal functioning (in the context of psychiatric diagnosis) and a more intensive direction 

of the course of treatment.262 

In summary, within a chronic disease self-management context, coaching aims to enhance patient 

self-efficacy, intrinsic motivation, and disease self-management skills as they navigate the 

behaviour change and self-management process, seeking to promote greater adherence to jointly-

defined and personally-meaningful self-management goals, akin to a common factors/ non-

directive form of psychotherapy. 
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3.0 Methods  

3.1 Design and Eligibility 

This study was a 16-week parallel group randomized controlled trial (RCT).  Participants 

were randomly assigned to one of two study groups: Mindfulness-based Risk Reduction (MBRR) 

coaching or Diet-based Risk Reduction (DBRR) coaching, using a computerized randomization 

procedure with an equal 1:1 allocation ratio, performed by a person separated from study 

administration. Study participants were recruited from the Partners in Cardiovascular 

Electrophysiology (PACE) Clinic of the Southlake Regional Health Centre (SRHC) in 

Newmarket, Ontario between March 2017 – April 2019.  

Patients between the ages of 50-80 years were eligible to participate if diagnosed with AF 

and found to have an elevated systolic blood pressure of ≥ 135 mmHg during waking period 

assessed using ABPM. Their willingness to participate was indicated by signing an informed 

consent (Appendix B). Participants were ineligible if there was a scheduled surgery, CVD-related 

or otherwise, during the study period. All study participants received usual medical care at the 

PACE clinic in addition to MBRR and DBRR. Study procedures and materials were reviewed and 

approved by SRHC Research Ethics Board (SRHC 0031-1617) (Appendix C). Considered a 

delegated review, separate approval was not required as indicated by the York University Human 

Participants Review Committee.  

3.2 Procedures 

Recruitment was undertaken at the SRHC through phone calls, where a PACE Clinic 

research assistant contacted potentially-eligible patients. The research assistant provided study 

information and inquired about possible interest in a phone or face-to-face meeting with the Study 

Coordinator (MP) to learn more about the research. Only upon indication of patient interest and 
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willingness to engage in study discussion, did the Study Coordinator undertake additional phone 

contacts with patients. Recruitment also followed direct referrals from physicians at the PACE 

Clinic or direct contacts from interested patients.  

The Study Coordinator explained the study rationale, procedures, required assessments, 

and the informed consent procedure. After informed consent was obtained, participants received 

an ABPM assessment to evaluate eligibility. Following ABPM, participants were informed about 

results, completed psychometric questionnaires, and were allocated to either MBRR or DBRR 

study groups using the sequentially-numbered opaque envelopes prepared by a person separated 

from administration of the intervention. 

Following consent, participants received the intervention from a health coach trained in 

mindfulness and behavioural modification strategies to guide adoption of mindfulness practice and 

principles or cardiovascular exercise and dietary risk reduction behaviours. In light of travel 

distance and other considerations (i.e. inability to attend clinic visits, driving or parking 

considerations, or vacations), the coach and patient remained in contact through the combination 

of in-person meetings, telephone, and e-mail contacts in light of each participant’s circumstances. 

Participants received additional evaluations of ABPM and psychological status at 8-week (post-

intervention) and 16-weeks (follow-up). Upon study completion, participants had the opportunity 

to receive further information and guidance on the alternate study intervention (i.e. the intervention 

to which they were not initially exposed). 

3.3 Intervention Group: Mindfulness-Based Risk Reduction  

 Participants in the MBRR group were assigned a mindfulness-based coaching protocol that 

centered around readings and audio recordings by Dr. Paul Ritvo. Program materials were 

delivered to participants as physical copy or sent electronically. The program gradually introduced 
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participants to mindfulness as a mind-body practice and its role in cardiovascular disease and the 

broader chronic context of disease management, and assisted them in establishing 10-20 minutes 

of daily sitting mindfulness practice at home. The program emphasized the practice of sitting 

mindfulness meditation, primarily focused on mindfulness of breath and one’s daily life 

experiences. Delivered as a mixed modality intervention utilizing in person, telephone, and online 

e-mail contacts, the program was also supplemented by weekly guided mindfulness meditation 

classes by MP at the SRHC cardiovascular rehabilitation clinic.  

Weekly readings (Table 1) during the 8-week intervention phase included: Natural breath 

and natural mind (Chapter 1), Making sense of a sea of error (Chapter 2), Alternatives to being 

wired and tired (Chapter 3), Befriending (Chapter 4), Changing (Chapter 5), Forgiveness (Chapter 

6), Interpersonal mindfulness (Chapter 7), and Independent benevolence (Chapter 8). For the 

follow-up period (weeks 9-16), the emphasis was on deepening one’s practice. The coach remained 

in contact with patients at a lower intensity, bi-weekly basis. As no new topics were introduced, 

the coach-participant interactions centered around supplementary readings related to mindfulness, 

flow, and acceptance, and scientific research on mindfulness. 

Coach-patient interactions supported participants in establishing a regular mindfulness 

meditation practice, while taking steps towards more mindful living by applying greater awareness 

during daily tasks and interpersonal interactions. Specifically, the coaching relationship served as 

a context for personalized discussions of weekly readings, clarifications of participant questions 

on readings, and for exploring life experiences with integrating mindfulness. To this end, the coach 

encouraged discussions on experiences of success and on the difficulties encountered in 

establishing greater mindfulness practice. The coach and participants then jointly explored 
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multiple solutions to support greater mindfulness practice, awareness, and the understanding of 

program themes. 

Table 1 Major topics and themes outlined within weekly readings 
 
Topics Major themes 
1) Natural Breath, 

natural mind 
- Breath, present-moment awareness, and relaxation 
- Mindfulness of breath, mind, and unconditional calm  
- De-catastrophizing and mindful living   

2) Making sense of a sea 
of error 

- Mindfulness, catastrophes, avoidance, and distractions  
- Uncertainty, self-efficacy, and balanced confidence 

3) Alternatives to being 
wired and tired 

- Stress, sympathetic hyper-arousal, and chronic illness 
- Autonomic self-regulation, and balance 

4) Befriending  - Avoidance, anxiety, and automatic living  
- Mindfulness, non-avoidance, and self-compassion 

5) Changing  - Mindfulness as an anti-procrastination practice 
- Rumination, worry, and present moment-awareness 
- Mindful awareness of thoughts and cognitive distortions 

6) Forgiveness  - Mindfulness, the past, and habitual negative thoughts  
- The fragmented self, holistic self-awareness and 

understanding 
7) Interpersonal 

mindfulness 
- Mental concepts (i.e. schemas) and relationship dynamics 
- Mindful communication, listening, and authentic connection 

8) Independent 
benevolence  

- Cultivating peace, rediscovering resilience, and generosity  
- Mindful awareness in transcending conflict to freedom, 

alienation-to-connection, depression to compassion, and 
negative to positive 
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3.4 Comparison Group: Diet-based Risk Reduction  

The comparison group, DBRR was guided by principles outlined within Your Guide to a 

Healthy Heart,263 a publicly-available guide published by the National Heart, Lung, and Blood 

Institute. The guide, intended for a general audience, included explanations of CVD, conventional 

CVD risk factors, in addition to lifestyle recommendations on reducing one’s risk of CVD through 

physical activity and the Dietary Approach to Stop Hypertension (DASH) eating plan, an 

evidence-based dietary strategy,263,264 shown to be effective in reducing blood pressure.209  

Similar to MBRR, the coach-participant interactions, through in-person, telephone, or e-

mail contacts, focused on exploring ways to integrate DASH dietary-lifestyle principles, notably 

the focus on limited saturated fat intake, increased fruit and vegetable consumption, reduced 

Sodium and increased Potassium intake. Coaching sessions comprised of reviews of 

understanding, progress, and provision of social support for participants in lifestyle change. When 

compared to MBRR, the DBRR focused on learning about specific health-related principles, 

including the effects of dietary sodium and potassium on blood pressure, identifying specific 

sources of dietary sodium and potassium, the reading of food labels to better identify sodium and 

potassium contents in fresh and prepared foods, and moderate physical activity. DBRR did not 

require participants to adhere to specific physical activity, meal, or weight loss targets.    

3.5 Assessments  

3.5.1 ABPM Assessment  

 24-hour ABPM were performed at baseline, 8-weeks (post-intervention), and 16-weeks 

(follow-up) using SpaceLabs Healthcare ambulatory blood pressure monitor (Model number: 

90207). The validity and reliability of these monitors have both been extensively researched in 

several studies, with demonstrated accuracy in measuring ambulatory blood pressure.265 24-hour 
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ABPM involved continuous blood pressure assessments every 20 minutes during waking and 

every 60 minutes during sleeping periods. Prior to ABPM, participants self-reported their typical 

bedtime and wake-up times, saved into the monitor to allow for automatic shifts between waking 

(i.e. per 20 minute) and sleeping (i.e. per 60 minute) assessment intervals. During ABPM, 

participants kept a log (Appendix D) of their daily activities, including their subjective ratings of 

exertion, and their actual bedtime and wake-up times, used to adjust their waking and sleeping 

periods in cases of divergence from their pre-ABPM self reports. Participants were instructed to 

continue with their typical activities of daily living, but to refrain from activities not reflective of 

their usual daily living to allow for more representative blood pressure evaluations.   

3.5.1.1 Primary ABPM Outcome 

 The primary outcome of this study is the change in mean ABPM SBP from baseline to 8- 

(post-intervention) and 16-weeks (follow-up) during wake and sleep periods. 

3.5.1.2 Additional ABPM Outcomes  

Additional secondary outcomes included: (a) mean DBP, (b) mean percentage nocturnal 

dipping in SBP, calculated as [(Waking SBP – Sleeping SBP)/ Waking SBP] stated as a percentage 

value, (c) mean SBP load (SBPL) and DBP load (DBPL), defined as the percentage of blood 

pressure measurements above clinical ABPM HTN criteria during waking and sleeping periods,168 

and (d) mean SBP and DBP BPV, defined as the standard deviations of all individual blood 

pressure assessments separately for SBP and DBP during waking and sleeping periods. 

3.5.2 Psychometric Outcomes 

3.5.2.1 Hospital Anxiety and Depression Scale 

The Hospital Anxiety and Depression Scale (HADS)266 is a 14-item self-report 

questionnaire evaluating anxiety and depression symptoms in medical populations. This 
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questionnaire provides separate scores for anxiety and depression symptoms without reliance on 

somatic symptoms common in anxiety, depression, and medical conditions. The measure has 

demonstrated a high degree of internal consistency (Cronbach’s alpha = 0.82-0.83), sensitivity in 

identifying depressed and anxious individuals, in addition to associations with Beck Depression 

Inventory and the State-Trait Anxiety Inventory.267 

3.5.2.2 Cardiac Anxiety Questionnaire  

The Cardiac Anxiety Questionnaire (CAQ) is an 18-item index of heart-focused anxiety 

(HFA), namely anxiety sensitivity specific to cardiovascular patients,268 defined as the fear of 

cardiovascular-related symptoms stemming from their perceived harmful effects. The CAQ 

conceptualizes HFA as a three-dimensional construct that includes heart-related fear, avoidance, 

and attention subscales. The CAQ involves participants rating the frequency of experiencing HFA 

on a 5-point (0-4) Likert scale with higher scores indicating greater HFA. Scores are computed as 

the mean value of all items (total score) and mean values of the respective subscale items, allowing 

direct comparisons between total and subscale scores. The CAQ has demonstrated high degree of 

internal consistency (Cronbach’s alpha= 0.83), test-retest reliability, and concurrent validity by 

showing.268 

3.5.2.3 Profile of Mood States - Short Form 

The Profile of Mood States – Short Form (POMS-SF) is a 37-item version of the larger 65-

item POMS, providing assessments of six dimensions of mood, including: tension, depression, 

anger, vigor, fatigue, and confusion.269 The POMS-SF has demonstrated high internal consistency 

for all subscales (Cronbach’s alpha= 0.76-0.95) in healthy and clinical samples,270 including 

convergent and discriminant validity, evidenced by the pattern of correlations with the original 

POMS and other validated psychological measures.270,271 
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3.5.2.4 Five Facet Mindfulness Questionnaire - Short Form 

The Five Facet Mindfulness Questionnaire – Short Form (FFMQ-SF)272 is a 24- item 

questionnaire that evaluates mindfulness, conceptualized as five separate facets of observing, 

describing, acting with awareness, non-judging of inner experience, and nonreactivity to inner 

experience. FFMQ-SF has shown acceptable psychometric characteristics, including high internal 

consistency (Cronbach’s alpha= 0.73-0.91), as well as convergent and discriminant validity with 

mood and related constructs, characterizing FFMQ-SF as a valid and reliable index of mindfulness 

in adults in both short form and long formats.272-274 

3.5.2.5 Pittsburgh Sleep Quality Index  

The Pittsburgh Sleep Quality Index (PSQI)275 is a comprehensive measure subjective sleep 

quality over a month preceding assessment. The instrument widely used in epidemiological or 

clinical contexts. PSQI leads to an overall global sleep quality score, comprised of components 

evaluating disordered sleep quality, sleep latency, sleep duration, sleep efficiency, sleep 

disturbance, sleep medication use, and daytime dysfunction. The instrument has demonstrated a 

high degree of internal consistency (Cronbach’s alpha= 0.83), test-retest reliability, discriminant 

validity in distinguishing between sleep-disordered individuals and controls, in addition to 

convergence with polysomnographic results. 

3.6 Sample Size Estimation 

 In determination of sample size, G*Power estimation indicated a total sample size of 28 

would be required to detect a medium level effect size (Cohen F = 0.25) with statistical power set 

at 0.80 and a significance level of 0.05.276 In addition, as a reduction of 5 mmHg has been 

associated with a reduction of 17% in CVD risk,277 required sample size was estimated using an 
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alternative approach to detect a 5 mmHg between-group mean difference, and indicated a required 

sample size of 32 with power set at 0.80 and a significance level of 0.05.278 

3.7 Statistical Analysis  

All statistical analyses were conducted using IBM SPSS Statistics version 23. These 

included evaluation of potential differences in demographic and clinical variables at baseline 

between MBRR and DBRR groups using independent samples t-test (Welsh-corrected) for 

numeric and chi-square test for independence for categorical variables. To evaluate change from 

baseline in primary and additional study outcomes on a between-groups and within-group basis, 

we used linear mixed modeling (LMM) as the main analytic approach. LMM uses a different 

approach in handling missing data compared to the conventional repeated measures ANOVA 

(RM-ANOVA). 279,280 While RM-ANOVA performs list-wise deletion of all participants with 

missing data necessitating imputations, LMM uses data from all participants with available data 

and is not sensitive to sphericity, a commonly-observed phenomenon in longitudinal data. 

Alternatively, analyses were also performed using factorial RM-ANOVA with a last observation 

carried forward (LOCF) approach to missing data. In the presence of sphericity, a MANOVA 

approach was used in evaluation of data. In both analytic approaches, the statistically significant 

effects for time, group, and the group × time interactions were followed by Bonferroni adjusted 

evaluation of pairwise post-hoc comparisons. 
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4.0 Results 

4.1 Participant Recruitment and Flow 

As outlined in the CONSORT flow diagram (Figure 1), 265 individuals were approached 

for participation, of whom 90 (51.1% female) underwent evaluation of 24-hour ABPM to 

determine eligibility based on their systolic hypertension levels. Of these 90 individuals, 87 

individuals completed the 24-hour ABPM and 3 discontinued 24-hour ABPM assessment. Of the 

87 individuals who completed 24-hour ABPM, 31 individuals met study inclusion criteria, of 

whom 30 indicated interest and were randomized to either MBRR or DBRR.  

There was a total of 4 dropouts within MBRR (n = 2) and DBRR (n = 2) at post-intervention 

(8 weeks) and 9 dropouts within MBRR (n = 5) and DBRR (n = 4) within the 16-week follow up. 

Altogether, 26 participants completed the 8-week post-intervention assessments and 17 completed 

the 16-week follow-up. No statistically significant differences were observed on any demographic, 

behavioural, or clinical characteristics between study participants who completed the study and 

those who dropped out or were lost to follow up. 
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Figure 1 Study enrolment flow diagram  

 
4.2 Participant Characteristics   

Table 1 presents participants’ demographic and clinical characteristics at baseline, 

including AF symptomology, medical history, and current medications. Participants (56.6 % 

female) ranged in age between 54-80 years, with a mean age of 69.6 (SD= 7.65) years, and a mean 

of 4.77 (SD= 5.67) years since AF diagnosis. There were no statistically significant between group 
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differences observed in age, time since diagnosis, frequency of palpitations, smoking habits, and 

caffeine use between MBRR versus DBRR. The great majority (90%) of participants had a family 

history of either AF or other CVD indicated by their parental history of these conditions, with no 

statistically significant differences observed between MBRR and DBRR groups. In addition, 

except in 1 participant who qualified as having a mild degree of systolic dysfunction (LVEF= 40- 

49%), all participants demonstrated normal left ventricular size and function (LVEF= 50-70%), 

with no statistically significant differences between groups. In relation to AF procedural history, 

70% of participants had histories of cardioversions and 43.3% had undergone PVAI ablation, with 

no statistically significant differences in the frequency of previous cardioversions and ablations 

between MBRR and DBRR. As outlined in Table 1, there were no statistically significant 

differences between MBRR and DBRR in the frequency of CVD, Diabetes Mellitus, and 

Gastrointestinal (e.g. Crohn’s disease and Ulcerative Colitis), musculoskeletal (e.g. arthritis and 

osteoarthritis), or pulmonary diseases. Likewise, there were no statistically significant differences 

between study groups in prescription of antihypertensive, antiarrhythmic, anticoagulant, and other 

prescribed medications. 

4.3 ABPM Characteristics  

Table 1 further presents participants’ ABPM characteristics at baseline, including number 

and percent of successful measurements, SBP dipping, BPV, and BPL separately during waking 

and sleeping periods. At baseline, MBRR participants wore the BP monitor for an average duration 

of 23.0 hours (48.9 waking and 9.0 sleeping measurements, 89% success) and DBRR participants 

wore the BP monitor for an average duration of 23.2 hours (51.0 waking and 8.3 sleeping 

measurements, 92% success), with no statistically significant differences groups in these 

parameters at baseline. At post-intervention (8 weeks), except for 1 participant who did not 
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complete ABPM during sleep, 26 participants completed ABPM for an average duration of 23.6 

(43.0 waking and 8.8 sleeping measurements, 90.7% success) hours in MBRR, and for an average 

duration of 23.9 (45.0 waking and 7.8 sleeping measurements, 93.2% success) in DBRR. Finally, 

at 16-weeks follow-up, 17 participants completed ABPM for an average duration of 23.5 (43.3 

waking and 8.9 sleeping measurements, 92.5% success) hours in MBRR, and for an average 

duration of 22.6 (43.7 waking and 7.9 sleeping measurements, 93.1% success) in DBRR. There 

were no statistically significant differences between MBRR and DBRR at either post-intervention 

(8 weeks) and 16-weeks follow-up in assessment duration, number of BP measurements, and 

percent of success measurements. In relation to nocturnal SBP dipping status, there were no 

statistically significant differences between MBRR and DBRR in SBP dipping status, evaluated 

as either continuous or categorical classification. Likewise, no statistically significant baseline 

differences were observed in the magnitude of SBPL, DBPL, SBPV, and DBPV during waking 

and sleeping periods between MBRR and DBRR (see Table 1).  
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Table 2 Demographic and clinical characteristics of study participants at baseline  

Demographic & Clinical Parameters MBRR (n = 16) DBRR (n = 14) P 
Age [(mean years (SD)] 70.2 (9.05) 68.9 (5.91) 0.62 
Sex [n (% female)] 10 (62.5) 7 (50.0) 0.49 
BMI [kg/m2] 29.7 (5.8) 28.0 (4.9) 0.40 
Alcohol consumption [n (%)] 10 (62.5) 8 (57.1) 0.77 
Caffeine intake [n (%)] 11 (68.7) 9 (64.3) 0.80 
Smoking (former or current) [n (%)] 6 (37.5) 4 (28.6) 0.60 
Family history of AF/CVD [n (%)] 14 (87.5) 13 (92.9) 0.63 
Years since AF diagnosis [(mean years (SD)] 4.8 (3.8) 4.7 (7.4) 0.96 
Palpitations [n (%)] 3 (18.8) 4 (28.6) 0.53 
Left Ventricular Ejection Fraction (LVEF) 61.0 (4.6) 58.9 (6.6) 0.18 
Previous cardioversion(s) [(mean (SD)] 1.7 (1.8) 1.0 (1.5) 0.28 
Previous PVI ablation(s) [n (%)]  
 1 6 (37.5) 4 (28.6) 

0.72 
 2-3 1 (6.3) 2 (14.3) 
Comorbidities [n (%)]  
 Cerebrovascular disease 0 (0.0) 1 (7.1) 0.28 
 Coronary artery disease 3 (18.8) 5 (35.7) 0.30 
 Diabetes mellitus 2 (12.5) 1 (7.1) 0.63 
 Gastrointestinal disease 2 (12.5) 1 (7.1) 0.63 
 Musculoskeletal disease 3 (18.8) 5 (35.7) 0.30 
 Other arrhythmia 5 (31.2) 5 (35.7) 0.80 
 Sleep apnea 4 (25.0) 3 (21.4) 0.82 
 Pulmonary disease 3 (18.7) 3 (21.4) 0.86 
Current Medications [n (%)]  
 Angiotensin II receptor blockers 5 (31.2) 7 (50.0) 0.30 
 ACE inhibitors 7 (43.7) 4 (28.6) 0.39 
 Beta blockers 7 (43.7) 5 (35.7) 0.65 
 Calcium channel blockers 3 (18.8) 4 (28.6) 0.53 
 Diuretics 4 (25.0) 5 (35.7) 0.53 
 Antiarrhythmic  13 (81.2) 8 (57.1) 0.15 
 Anticoagulant/ Antiplatelet inhibitors 16 (100.0) 13 (92.9) 0.28 
 Lipid lowering medications 9 (56.3) 5 (35.7) 0.26 
 Psychiatric medication(s) 6 (37.5) 4 (28.6) 0.60 
ABPM Parameters    
Duration [hours (SD)] 23.0 (2.4) 23.2 (1.2) 0.85 
Number of measurements [(mean (SD)]  
 Waking 39.3 (8.5) 42.7 (4.2) 0.17 
 Sleeping 9.0 (1.9) 8.2 (2.8) 0.37 
Successful measurements [% (SD)] 89.0 (13.7) 92.0 (16.6) 0.56 
ABPM Average [(mean mmHg (SD)]  
 Waking SBP 145.9 (6.9) 145.1 (6.1) 0.72 
 Waking DBP 75.1 (8.1) 79.2 (8.6) 0.19 
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 Sleeping SBP 129.5 (14.8) 130.7 (14.6) 0.82 
 Sleeping DBP 63.8 (6.9) 67.6 (8.3) 0.18 
Nocturnal SBP Dipping [(mean % decline (SD)] 11.1 (10.2) 9.8 (10.0) 0.73 
SBP Dipping Status [n (%)]a  
 Dipper 5 (31.2) 3 (21.4)  

0.73  Non-dipper 8 (50.0) 9 (64.3) 
 Reverse dipper 3 (18.7) 2 (14.3) 
BPL [(% of measurements (SD)]b  
 Waking SBP 77.4 (17.8) 78.6 (15.6) 0.84 
 Sleeping SBP 70.1 (30.9) 75.0 (28.7) 0.65 
 Waking DBP 18.4 (17.8) 26.9 (27.7) 0.34 
 Sleeping DBP 20.8 (21.8) 38.9 (32.6) 0.10 
BPV [(mean (SD)]  
 Waking SBP 12.1 (2.9) 12.2 (3.2) 0.95 
 Sleeping SBP 10.8 (3.0) 10.8 (3.7) 0.99 
 Waking DBP 8.5 (2.5) 8.1 (2.4) 0.70 
 Sleeping DBP 8.0 (2.1) 7.2 (2.6) 0.36 
 

a SBP Dipping status categorized as: dipper ≥ 10%, non-dipper <10 %, and reverse dipper <0% 
drop in nocturnal SBP. 

b BPL criteria classified according to percent of measurements above 135/85 for waking and 
120/70 during sleep.168 
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4.4 ABPM Outcome Evaluation  

 Tables 3a and 3b outline means and standard deviations for ABPM outcomes according to 

LMM and RM-ANOVA analytic strategies respectively. These entailed: waking and sleep SBP as 

the primary outcome, nocturnal dipping as the secondary outcome, and DBP, SBPL, DBPL, SBPV, 

DBPV as additional outcomes.  

4.4.1 Waking and Sleep SBP (LMM)  

 As seen in Table 3a, under the LMM strategy, waking SBP results showed a statistically 

significant main effect of time (F(2, 45.8) = 12.92, p = 0.0001) in addition to non-statistically 

significant effects for group (p = 0.77) and group × time interaction (p = 0.79), indicating 

statistically significant reductions from baseline to 8 (-6.68, p = 0.002) and 16-weeks (-9.68, p = 

0.0001) in mean waking SBP across both study groups.  

 For sleeping SBP, LMM similarly showed a statistically significant main effect of time 

(F(2, 38.2) = 7.43, p = 0.002), reflecting statistically significant reductions in mean sleeping SBP 

from baseline to 8 (-5.88, p = 0.006) and 16 (-6.46, p = 0.009) weeks across both study groups. 

4.4.2 Waking and Sleep SBP (RM-ANOVA) 

ITT analyses for mean SBP, utilizing RM-ANOVA with a LOCF approach to missing data 

(table 3b), indicated no statistically significant differences between MBRR and DBRR in mean 

SBP during either waking or sleeping periods at 8-week post-intervention and 16-week follow-up 

periods. 

For Waking SBP, given the significance of Mauchly's test of Sphericity (p = 0.01), a 

MANOVA strategy was adopted in interpreting RM-ANOVA. For waking SBP, results indicated 

a statistically significant main effect of time (F(2, 27) = 7.10, p = 0.003, ηp2 = 0.34), but non-

significant effects for group (p = 0.82) and group × time interaction (p = 0.77, ηp2 = 0.09), 
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reflecting reductions in mean waking SBP from baseline to 8 (-5.71, p = 0.01) and 16 (-6.49, p = 

0.002) weeks irrespective of study interventions.  

For sleeping SBP, with Mauchly's test of Sphericity not statistically significant (p = 0.19), 

results showed a statistically significant main effect of time (F(2, 56) = 6.39, p = 0.003, ηp2 = 

0.19) and non-significant effects for group (p = 0.92) and group × time interaction (p = 0.33), 

indicating statistically significant reductions from baseline to 8 (-4.44, p = 0.01) and 16 (-4.71, p 

= 0.03) weeks in mean SBP during sleep irrespective of study interventions. 

4.4.3 Nocturnal SBP Dipping (LMM) 

LMM showed non-significant results for mean nocturnal SBP dipping, including non-

significant effects for time (F(2, 40.43) = 0.05, p = 0.95), group (p = 0.51), and group × time 

interaction (p = 0.17). 

4.4.4 Nocturnal SBP Dipping (RM-ANOVA) 

No statistically significant differences were observed in mean nocturnal SBP dipping 

between and within study groups, reflected in non-significant effects for group (p = 0.81), time (p 

= 0.90), and group × time interaction (p = 0.22). 

4.4.5 Additional Outcomes (LMM) 

 As seen in Table 3a, in relation to DBP, SBPL, DBPL, SBPV, DBPV, LMM analytic 

strategy, indicated a statistically significant effect of time (F(2, 45.04) = 13.96, p = 0.0001) for 

waking SBPL, reflecting statistically significant reductions from baseline to 8 (-18.8%, p = 0.001) 

and from baseline to 16 (-26.2%, p = 0.0001) weeks irrespective of group assignment. The LMM 

analytic strategy, in contrast to RM-ANOVA, additionally indicated a statistically significant 

effect of time (F(2, 41.53) = 3.68, p = 0.03) for Sleeping SBP, showing reductions in sleeping SBP 
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from baseline to 8 (-11.9%, p = 0.18) and from baseline to 16 (-18.0%, p = 0.04) weeks within 

both groups. 

4.4.6 Additional Outcomes (RM-ANOVA) 

 In relation to additional study outcomes, namely DBP, SBPL, DBPL, SBPV, DBPV no 

statistically significant differences were observed either between or within study groups, except 

for SBPL during both waking and sleeping. Specifically, waking SBPL showed a statistically 

significant effect of time (F(2, 56) = 11.60, p = 0.0001, ηp2 = 0.29), but no significant effects for 

either group (p = 0.77) or group × time interaction (p = 0.70). Subsequently, post-hoc analyses for 

indicated overall reductions in both study groups from baseline to 8 (-15.17%, p = 0.007) and 16 

(-17.9%, p = 0.001). For SBPL during sleep, results did not show statistically significant effects 

for either time (p = 0.11), group (p = 0.91), or group × time interaction (p = 0.56). 
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 Table 3a Mean and standard error for ABPM parameters at study time points under LMM c 

Outcome Time point MBRR DBRR Group (p) Time (p) Group × Time (p) 

Waking SBP 

 Baseline 145.9 (1.87) 145.1 (2.00) 

0.77 0.0001 0.79  8-weeks 138.4 (1.99) 139.2 (2.15) 

16-weeks 134.8 (2.45) 136.7 (2.60) 

Waking DBP 

 Baseline 75.1 (1.99) 79.2 (2.12) 

0.07 0.41 0.75  8-weeks 73.7 (2.07) 78.4 (2.22) 

16-weeks 72.0 (2.35) 78.4 (2.51) 

Sleeping SBP 

 Baseline 129.5 (3.67) 130.7 (3.92) 

0.67 0.002 0.07  8-weeks 124.1 (3.81) 124.3 (4.03) 

16-weeks 127.7 (4.06) 119.6 (4.31) 

Sleeping DBP 

 Baseline 63.7 (1.94) 67.6 (2.07) 

0.18 0.25 0.82  8-weeks 62.7 (2.04) 67.0 (2.16) 

16-weeks 62.0 (2.24) 64.7 (2.38) 

SBP Dipping % 

 Baseline 11.1 (2.21) 10.3 (2.36) 

0.51 0.95 0.17  8-weeks 10.8 (2.36) 11.6 (2.48) 

16-weeks 8.1 (2.64) 14.0 (2.80) 

Waking SBPL a 

 Baseline 77.4 (5.12) 78.6 (5.48) 

0.78 0.001 0.60  8-weeks 61.1 (5.45) 57.3 (5.88) 

16-weeks 48.0 (6.66) 55.6 (7.07) 

Waking DBPL 

Baseline 18.4 (5.36) 26.8 (5.73) 

0.15 0.67 0.80 8-weeks 16.0 (5.62) 24.7 (6.05) 

16-weeks 11.7 (6.51) 25.8 (6.92) 
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Sleeping SBPL a 

Baseline 70.1 (8.42) 75.06 (9.00) 

0.60 0.03 0.32 8-weeks 63.6 (9.05) 57.8 (9.5) 

16-weeks 62.7 (10.24) 46.3 (10.86) 

Sleeping DBPL 

Baseline 20.8 (6.92) 38.9 (7.39) 

0.21 0.60 0.55 8-weeks 20.0 (7.49) 30.5 (7.84) 

16-weeks 28.4 (8.58) 33.3 (9.10) 

Waking SBPV b 

Baseline 12.1 (0.78) 12.2 (0.83) 

0.11 0.48 0.20 8-weeks 11.9 (0.83) 13.7 (0.89) 

16-weeks 10.6 (1.00) 13.5 (1.06) 

Waking DBPV 

Baseline 8.5 (0.68) 8.1 (0.72) 

0.73 0.96 0.34 8-weeks 7.7 (0.70) 8.7 (0.76) 

16-weeks 8.1 (0.80) 8.4 (0.85) 

Sleeping SBPV b 

Baseline 10.7 (0.94) 10.7 (1.01) 

0.55 0.74 0.82 8-weeks 10.9 (1.04) 12.1 (1.09) 

16-weeks 10.9 (1.25) 11.5 (1.32) 

Sleeping DBPV  

Baseline 7.9 (0.66) 7.1 (0.70) 

0.93 0.44 0.30 8-weeks 7.7 (0.72) 7.6 (0.75) 

16-weeks 7.7 (0.84) 8.9 (0.88) 
 

a based on the percent of ABPM measurements above 135/85 for waking and 120/70 for sleeping. 
b based on the standard deviation of ABPM measurements.  
c LMM analysis based on all available participants at baseline (MBRR = 16, DBRR = 14), 8-week post-intervention (MBRR = 14, 
DBRR = 12), 16-week follow-up (MBRR = 9, DBRR = 8)
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 Table 3b Mean and standard deviations for ABPM parameters at study time points Under RM-ANOVA 

Outcome Time point MBRR DBRR Group (p) Time (p) Group × Time (p) 

Waking SBP 

 Baseline 145.9 (6.87) 145.1 (6.10) 

0.82 0.003 0.77  8-weeks 139.4 (7.38) 140.2 (8.53) 

16-weeks 138.2 (7.97) 139.7 (9.30) 

Waking DBP 

 Baseline 75.1 (8.10) 79.2 (8.60) 

0.12 0.47 0.69  8-weeks 73.8 (8.81) 78.1 (6.70) 

16-weeks 73.1 (9.71) 78.2 (6.55) 

Sleeping SBP 

 Baseline 129.5 (14.75) 130.7 (14.58) 

0.92 0.003 0.33  8-weeks 125.6 (16.76) 125.7 (15.43) 

16-weeks 126.9 (16.74) 123.8 (16.97) 

Sleeping DBP 

 Baseline 63.7 (6.88) 67.6 (8.30) 

0.20 0.29 0.89  8-weeks 63.1 (8.10) 66.9 (7.00) 

16-weeks 62.7 (9.05) 65.7 (8.29) 

SBP Dipping % 

 Baseline 11.1 (10.17) 9.8 (10.03) 

0.81 0.90 0.22  8-weeks 10.1 (9.09) 10.5 (7.90) 

16-weeks 8.4 (9.10) 11.5 (9.65) 

Waking SBPL a 

 Baseline 77.4 (17.77) 78.6 (15.60) 

0.78 0.0001 0.70  8-weeks 63.4 (21.20) 62.3 (26.27) 

16-weeks 57.3 (24.72) 62.8 (24.61) 

Waking DBPL 

Baseline 18.4 (17.81) 26.8 (27.77) 

0.27 0.80 0.92 8-weeks 16.7 (21.77) 23.6 (19.12) 

16-weeks 16.2 (22.33) 24.8 (22.50) 
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Sleeping SBPL a 

Baseline 70.1 (30.90) 75.0 (28.70) 

0.91 0.11 0.56 8-weeks 67.0 (34.60) 61.8 (40.80) 

16-weeks 64.3 (39.30) 60.6 (37.70) 

Sleeping DBPL 

Baseline 20.8 (21.80) 38.9 (32.60) 

0.19 0.64 0.41 8-weeks 21.5 (22.50) 31.1 (26.60) 

16-weeks 26.0 (27.70) 33.1 (30.70) 

Waking SBPV b 

Baseline 12.1 (2.90) 12.2 (3.17) 

0.28 0.46 0.45 8-weeks 12.1 (3.80) 13.5 (2.59) 

16-weeks 12.2 (2.33) 13.4 (2.09) 

Waking DBPV 

Baseline 8.5 (2.55) 8.2 (2.43) 

0.97 0.54 0.38 8-weeks 7.9 (2.80) 8.5 (2.27) 

16-weeks 8.6 (2.54) 8.5 (2.85) 

Sleeping SBPV b 

Baseline 10.7 (3.04) 10.8 (3.73) 

0.65 0.72 0.71 8-weeks 10.7 (4.00) 11.9 (4.53) 

16-weeks 11.2 (3.91) 11.4 (4.11) 

Sleeping DBPV 

Baseline 8.0 (2.11) 7.1 (2.60) 

0.66 0.16 0.65 8-weeks 8.4 (3.44) 8.4 (1.70) 

16-weeks 7.9 (3.60) 7.6 (2.40) 
 

a based on the percent of ABPM measurements above 135/85 for waking and 120/70 for sleeping.168 
b based on the standard deviation of ABPM measurements.  
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4.5 Psychometric Outcome Evaluation (LMM) 

 As seen in Table 4a, utilizing the LMM strategy, results for HADS-A indicated a 

statistically significant main effect of time (F(2, 41.3) = 4.59, p = 0.02), reflecting non statistically 

significant reductions from baseline to 8 weeks (-0.90, p = 0.18), but statistically significant 

reductions from baseline to 16 weeks (-1.59, p = 0.02). For CAQ, LMM indicated a statistically 

significant main effects of time for the fear (F(2, 40.7) = 5.28, p = 0.009) and the HFA (F(2, 39.9) 

= 6.67, p = 0.003) subscales. Subsequently, post-hoc analyses indicated statistically significant 

reductions in CAQ-fear from baseline to 8 (-0.33, p = 0.01) but non-significant reductions from 

baseline to 16 (-0.28, p = 0.09) weeks. In CAQ-HFA, however, post-hoc analyses showed non-

significant reductions from baseline to 8 weeks (-0.09, p = 0.10), but statistically significant 

reductions from 8 to 16 weeks (-0.33, p = 0.02) and from baseline to 16 (-0.42, p = 0.003) weeks. 

Improvements in CAQ-fear and HFA subscales were further reflected in CAQ total score, reflected 

in statistically significant reductions from baseline to 8 weeks (-0.21, p = 0.02) and from baseline 

to 16 weeks (-0.28, p = 0.007). 

 In relation to POMS and the FFMQ, LMM showed a statistically a significant main effect 

of time for tension (F(2, 41.5 = 5.18, p = 0.01), anger (F(2, 40.9 = 5.02, p = 0.01), and confusion 

(F(2, 41.9 = 4.25, p = 0.02) subscales. For POMS tension, the significant main effect of time 

translated to statistically significant reductions from baseline to 8 weeks (-2.05, p = 0.04) and from 

baseline to 16 weeks (-2.48, p = 0.02). For the anger subscale, the significant main effect of time 

indicated statistically significant reductions from baseline to 8 weeks (-1.98, p = 0.04) and from 

baseline to 16 weeks (-2.53, p = 0.03). POMS confusion subscale showed statistically significant 

reductions from baseline to 8 weeks (-1.49, p = 0.02), but non-significantly from baseline to 16 

weeks (-1.20, p = 0.18). 
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 For the FFMQ, LMM similarly indicated statistically significant main effects for time in 

the describing (F(2, 39.8 = 6.31, p = 0.004) and nonreactivity (F(2, 41.1 = 5.60, p = 0.007) 

subscales. For the describing subscale, this represented statistically significant increases from 

baseline to 8 weeks (1.57, p = 0.007) and from baseline to 16 weeks (1.48, p = 0.04). Similarly, 

nonreactivity showed statistically significant increases from baseline to 8 weeks (1.78, p = 0.02) 

and from baseline to 16 weeks (1.90, p = 0.03).  The acting with awareness subscale also showed 

a statistically significant main effect of time (F(2, 41.4 = 3.64, p = 0.03), representing only 

marginally-significant increases from baseline to 8 weeks (1.44, p = 0.06). For the global PSQI 

score, LMM showed no statistically significant main effects for either time, group, or the group × 

time interaction. 

4.6 Psychometric Outcome Evaluation (RM-ANOVA) 

 Statistically-significant improvements from baseline to subsequent follow-ups were 

observed in HADS-A in addition to a number of CAQ, POMS, and FFMQ subscales, with no 

difference between study groups. Specifically, ITT analyses utilizing LOCF for mean HADS-A 

indicated a statistically significant main effect of time (F(2, 27) = 5.12, p = 0.01, ηp
2 = 0.27), but 

non-significant effects for group (p = 0.10) and group × time interaction (p = 0.63). These reflected 

reductions from baseline to 8 (-0.80, p = 0.28) and 16 (-1.34, p = 0.02) weeks irrespective of study 

groups. In relation to CAQ, statistically significant reductions were detected in HFA subscale and 

the CAQ total score. For CAQ-HFA, results indicated a statistically significant main effect of time 

(F(2, 27) = 5.84, p = 0.008, ηp
2 = 0.30), and no significant main effects for group (p = 0.10) and 

the group × time interaction (p = 0.83), reflecting non-significant reductions in HFA from baseline 

to 8 (-0.07, p = 0.99), but significant reductions from 8 to 16 weeks (-0.22, p = 0.009) and baseline 

to 16 (-0.30, p = 0.02) weeks. Despite no statistically significant effects for the CAQ fear and 
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avoidance subscales (Table 4b), CAQ total score showed only a statistically significant main effect 

of time (F(2, 27) = 5.43, p = 0.01, ηp
2 = 0.29), reflecting reductions from baseline to 8 (-0.18, p = 

0.04) and 16 (-0.24, p = 0.008) weeks.  

 Results for the POMS indicated statistically significant improvements on the tension, 

anger, and confusion subscales. Specifically, the tension subscale showed only a statistically 

significant main effect of time (F(2, 27) = 5.72, p = 0.008, ηp
2 = 0.30), indicating reductions from 

baseline to 8 (-1.75, p = 0.07) and 16 (-2.25, p = 0.02) weeks. POMS anger showed a statistically 

significant main effect of time (F(2, 27) = 4.19, p = 0.03, ηp
2 = 0.24), showing reductions from 

baseline to 8 (-1.70, p = 0.08) and 16 (-2.08, p = 0.02) weeks. Similarly, POMS confusion indicated 

only a statistically significant main effect of time (F(2, 27) = 3.63, p = 0.04, ηp
2 = 0.21), and showed 

reductions from baseline to 8 (-1.35, p = 0.03) and 16 (-1.34, p = 0.05) weeks. 

 For FFMQ, statistically significant improvements were detected for the effects of time on 

the describing and nonreactivity subscales. On the describing subscale, results indicated a 

statistically significant main effect of time (F(2, 27) = 6.84, p = 0.001, ηp
2 = 0.34), showing 

increases from baseline to 8 (1.16, p = 0.02) and 16 (1.29, p = 0.003) weeks irrespective of study 

group. For nonreactivity, results similarly indicated statistically significant main effect of time 

(F(2, 27) = 4.29, p = 0.02, ηp
2 = 0.24), reflected in increases from baseline to 8 (1.64, p = 0.02) 

and 16 (1.61, p = 0.03) weeks irrespective of study group. For the global PSQI score, there were 

no statistically significant main effects for either time, group, or the group × time interaction.  
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Table 4a Mean and standard deviations for psychological parameters and global PSQI at study time points under LMM a 

Outcome Baseline 8-weeks 16-weeks Group (p) Time (p) 
Group × 
Time (p) 

HADS - A     

 MBRR 7.69 (0.90) 6.34 (0.93) 5.56 (1.00) 
0.12 0.02 0.51 

 DBRR 5.07 (0.96) 4.62 (0.99) 4.02 (1.07) 

HADS - D   

 MBRR 5.81 (0.95) 4.94 (0.97) 4.86 (1.05) 
0.25 0.12 0.85 

 DBRR 4.14 (1.01) 3.15 (1.04) 3.68 (1.12) 

CAQ - Fear   

 MBRR 1.88 (0.18) 1.52 (0.19) 1.74 (0.21) 
0.39 0.009 0.38 

 DBRR 1.73 (0.19) 1.44 (0.20) 1.32 (0.22) 

CAQ - Avoidance    

 MBRR 1.58 (0.20) 1.32 (0.20) 1.49 (0.22) 
0.54 0.31 0.39 

 DBRR 1.37 (0.21) 1.33 (0.22) 1.18 (0.24) 

CAQ - HFA   

 MBRR 1.61 (0.20) 1.57 (0.21) 1.28 (0.22) 
0.64 0.003 0.72 

 DBRR 1.84 (0.22) 1.70 (0.22) 1.32 (0.24) 

CAQ - Total   

 MBRR 1.72 (0.15) 1.48 (0.16) 1.54 (0.18) 
0.63 0.003 0.31 

 DBRR 1.66 (0.17) 1.49 (0.17) 1.28 (0.18) 

POMS - Tension   

 MBRR 6.87 (1.14) 5.01 (1.24) 4.83 (1.35) 
0.30 0.01 0.89 

 DBRR 5.71 (1.21) 3.48 (1.27) 2.80 (1.43) 
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POMS - Depression    

 MBRR 5.87 (1.32)  3.87 (1.39) 4.05 (1.52) 
0.32 0.06 0.84 

 DBRR 3.78 (1.41) 2.59 (1.47) 1.96 (1.61) 

POMS - Anger   

 MBRR 5.81 (1.03) 3.75 (1.11) 2.58 (1.32) 
0.42 0.01 0.73 

 DBRR 4.21 (1.10) 2.31 (1.16) 2.37 (1.34) 

POMS -Fatigue   

 MBRR 7.56 (1.16) 6.66 (1.23) 6.84 (1.36) 
0.81 0.30 0.61 

 DBRR 7.43 (1.24) 7.01 (1.29) 5.47 (1.44) 

POMS - Confusion   

 MBRR 3.87 (0.80) 2.16 (0.85) 2.20 (0.95) 
0.56 0.02 0.74 

 DBRR 2.78 (0.85) 1.53 (0.90) 2.06 (1.01) 

POMS - Vigor   

 MBRR 9.50 (1.39) 10.13 (1.47) 11.43 (1.62) 
0.30 0.16 0.72 

 DBRR 8.07 (1.49) 7.32 (1.55) 9.72 (1.72) 

FFMQ - Observing   

 MBRR 16.81 (0.80) 16.26 (0.82) 17.04 (0.90) 
0.63 0.66 0.49 

 DBRR 15.86 (0.86) 16.28 (0.88) 16.35 (0.95) 

FFMQ - Describing   

 MBRR 17.94 (0.85) 19.67 (0.88) 20.36 (0.97) 
0.10 0.004 0.24 

 DBRR 20.64 (0.91) 22.05 (0.95) 21.17 (1.04) 

FFMQ – Acting with Awareness   

 MBRR 18.44 (0.80) 19.36 (0.84) 18.63 (0.98) 
0.76 0.03 0.21 

 DBRR 17.57 (0.85) 19.53 (0.90) 20.28 (1.04) 
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FFMQ - Nonjudgement   

 MBRR 16.75 (1.10) 17.11 (1.14) 16.56 (1.27) 
0.11 0.26 0.54 

 DBRR 18.42 (1.18) 20.27 (1.23) 19.15 (1.36) 

FFMQ – Nonreactivity   

 MBRR 14.00 (0.96) 16.58 (0.99) 17.23 (1.12) 
0.11 0.007 0.16 

 DBRR 17.57 (1.03) 18.55 (1.07) 18.14 (1.20) 

PSQI Global   

 MBRR 8.93 (0.99) 7.26 (1.02) 7.98 (1.07) 
0.80 0.15 0.18 

 DBRR 7.78 (1.07) 7.76 (1.09) 7.60 (1.16) 
 
a   LMM analysis based on all available participants at baseline (MBRR = 16, DBRR = 14), 8-week post-intervention (MBRR = 14, 
DBRR = 12), 16 week follow-up (MBRR = 9, DBRR = 8) 
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Table 4b Mean and standard deviations for psychological parameters and global PSQI at study time points under RM-ANOVA 

Outcome Baseline 8-weeks 16-weeks Group (p) Time (p) 
Group × 
Time (p) 

HADS - A   

 MBRR 7.69 (3.93) 6.44 (3.48) 5.94 (3.38) 
0.10 0.01 0.63 

 DBRR 5.07 (3.47) 4.71 (3.45) 4.14 (3.08) 

HADS - D   

 MBRR 5.81 (4.02) 5.06 (3.97) 5.01 (3.83) 
0.18 0.12 0.96 

 DBRR 4.14 (3.46) 3.21 (3.74) 3.28 (2.84) 

CAQ - Fear   

 MBRR 1.88 (0.86) 1.55 (0.80) 1.76 (0.75) 
0.48 0.06 0.25 

 DBRR 1.73 (0.77) 1.51 (0.58) 1.42 (0.61) 

CAQ - Avoidance    

 MBRR 1.58 (0.97) 1.34 (0.75) 1.43 (0.79) 
0.63 0.41 0.07 

 DBRR 1.37 (0.78) 1.36 (0.69) 1.24 (0.61) 

CAQ - HFA   

 MBRR 1.61 (1.02) 1.56 (0.85) 1.37 (0.82) 
0.55 0.008 0.83 

 DBRR 1.84 (0.72) 1.74 (0.71) 1.48 (0.70) 

CAQ - Total   

 MBRR 1.72 (0.79) 1.50 (0.68) 1.51 (0.63) 
0.82 0.01 0.09 

 DBRR 1.66 (0.57) 1.53 (0.49) 1.39 (0.51) 

POMS - Tension   

 MBRR 6.87 (5.16) 5.37 (4.35) 4.87 (4.92) 
0.30 0.008 0.95 

 DBRR 5.71 (4.39) 3.71 (3.56) 3.21 (3.26) 
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POMS - Depression    

 MBRR 5.87 (6.84)  4.19 (6.07) 4.01 (5.70) 
0.33 0.14 0.82 

 DBRR 3.78 (4.08) 2.71 (2.76) 2.36 (3.17) 

POMS - Anger   

 MBRR 5.81 (5.02) 4.12 (5.07) 3.43 (4.44) 
0.29 0.03 0.71 

 DBRR 4.21 (3.84) 2.50 (2.06) 2.42 (2.70) 

POMS -Fatigue   

 MBRR 7.56 (5.38) 6.87 (5.89) 6.94 (4.85) 
0.87 0.32 0.82 

 DBRR 7.43 (3.46) 6.93 (3.56) 6.28 (3.33) 

POMS - Confusion   

 MBRR 3.87 (4.42) 2.31 (3.70) 2.19 (2.61) 
0.47 0.04 0.75 

 DBRR  2.78 (2.22) 1.64 (2.00) 1.79 (2.22) 

POMS - Vigor   

 MBRR 9.50 (6.30) 10.06 (6.29) 10.87 (6.22) 
0.30 0.15 0.67 

 DBRR 8.07 (4.58) 7.43 (4.16) 9.01 (4.71) 

FFMQ - Observing   

 MBRR 16.81 (3.08) 16.37 (2.19) 16.87 (2.19) 
0.60 0.61 0.30 

 DBRR 15.86 (3.65) 16.28 (3.89) 16.21 (3.87) 

FFMQ - Describing   

 MBRR 18.37 (3.91) 19.62 (3.14) 20.31 (3.10) 
0.12 0.001 0.18 

 DBRR 20.64 (2.71) 21.71 (3.29) 21.28 (3.22) 

FFMQ – Acting with Awareness   

 MBRR 18.44 (3.77) 19.25 (3.02) 18.50 (2.31) 
0.93 0.10 0.16 

 DBRR 17.57 (3.47) 19.14 (3.43) 19.71 (3.17) 
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FFMQ - Nonjudgement   

 MBRR 16.75 (4.46) 17.18 (4.59) 16.81 (4.40) 
0.12 0.23 0.70 

 DBRR 18.42 (4.52) 19.86 (3.86) 19.34 (4.21) 

FFMQ – Nonreactivity   

 MBRR 14.00 (3.94) 16.44 (3.14) 16.93 (3.19) 
0.09 0.02 0.07 

 DBRR 17.57 (3.59) 18.43 (4.38) 17.86 (4.05) 

Global PSQI    

 MBRR 8.93 (4.89) 7.43 (3.81) 7.75 (4.23) 
0.85 0.24 0.18 

 DBRR 7.78 (3.37) 7.86 (3.30) 7.71 (3.43) 
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5.0 Discussion 
 
 In this study, there was a comparison of Mindfulness-Based and a Diet-Based Risk 

Reduction coaching programs (MBRR vs. DBRR), both aimed at improving systolic HTN and 

psychological outcomes in AF patients. Altogether, results indicate statistically significant within-

group reductions in SBP, during waking and sleep from baseline to 8-week post-intervention and 

from baseline to 16-week follow-up. It is, of course, noteworthy that no between-group differences 

were found.  This is a useful result as for practical purposes, it seems MBRR and DBRR are nearly 

similar in reducing SBP.  The observed reductions were further accompanied by similarly 

statistically significant within group reductions in Systolic Blood Pressure Load (SBPL) during 

waking and sleep from baseline to 8-week post-intervention and 16-week follow-up periods.  

The absence of statistically significant within-group or between-group differences in 

waking or sleep DBP is not surprising as DBP of these groups were within normal levels at 

baseline. This relatively normative condition is linked to an intensive anti-hypertensive medication 

regimen, firmly standardized at the PACE clinic.  

In terms of other improvements, there were statistically significant improvements from 

baseline to 8-week post-intervention and 16-week follow-up in psychological outcomes in both 

groups per common improvements in HADS-A, CAQ-HFA, CAQ-Total, FFMQ-SF (describing 

and non-reactivity subscales) and the POMS anger, tension, and confusion subscales.  Once again, 

no statistically significant between-group differences were found between MBRR vs. DBRR. 

 Given the absence of between-group differences in waking and sleep SBP, it is not 

surprising that the RM-ANOVA indicated similar magnitudes of reductions within MBRR and 

DBRR at 8 weeks (Sleep SBP: -3.9 mmHg in MBRR vs -5.0 mmHg in DBRR).  However, at 16-

weeks DBRR showed greater declines (-2.6 mmHg in MBRR vs. -6.9 mmHg in DBRR) although 
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they were not statistically significant. While the study hypotheses in relation to sleeping SBP were 

initially formulated with assumptions that MBRR only would have a beneficial influence on 

nocturnal BP and AI, research indicates AI improvements occurred in relation to both mindfulness 

and dietary practices, indicating a more complex physiological mechanism is being affected. The 

complexity of autonomic imbalance (AI) is suggested by physical activity, notably aerobic 

exercise, being shown to improve baroreceptor sensitivity,281-284 a key element of BP regulation 

and AI. Dietary approaches, particularly caloric restriction and the DASH diet, have also been 

shown previously to enhance autonomic balance and PNS activity.285-287 While weight loss is an 

important mechanism underlying ANS effects,285,287,288 DASH diet interventions, with or without 

weight loss, are also associated with increased PNS activity and  BP control.286,288 Accordingly, it 

would seem exercise, diet, and mindfulness practices all affect BP and autonomic balance in 

common and divergent ways. For instance, while it is understood that mindfulness practices 

improve autonomic balance by increasing parasympathetic tone (i.e. increased HF-HRV),30,31 

DASH dietary practices enhance BP and autonomic balance through a range of mechanisms that 

include: (a) increased Nitric oxide production, bioavailability, and consequent vasodilation, related 

to DASH diet’s greater L-arginine, polyphenol, and anti-oxidant content from nuts, fruit, and 

vegetables;289-291 and; (b) increased sodium excretion (natriuresis), related to reduced Sodium and 

increased Potassium consumption (sodium-potassium ratio).292,293 In fact, while the exact 

underpinnings are unclear at present, autonomic and dietary BP-reducing mechanisms do interact, 

evidenced by the association between increased Sodium intake and reduced parasympathetic tone 

in hypertensives.294 Therefore, the current study would benefit from addition of a third study arm, 

whether it was a wait-list control group  or one combining MBRR and DBRR to compare the 

effectiveness of these interventions against usual care alone or to see whether the convergence of 
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these modalities and BP-reducing mechanisms would result in greater BP reductions. In previous 

studies, additive BP improvements have been observed when DASH diets were supplemented with 

weight management and exercise.286,288  

 While between-group declines in sleep-SBP did not reach statistical significance in the 

current study, the exploration of potential differences between MBRR and DBRR in impacting 

sleep SBP is a challenge for future studies combining lifestyle interventions, 24-hr ABPM, and 

evaluations of ANS function. In fact, despite lack of a statistically significant between-group 

difference in sleep SBP (possibly a reflection of the small sample size), the greater magnitude of 

sleep SBP reductions in DBRR at 16-week follow-up may point to an interesting possible 

differential response between MBRR and DBRR that can be fully investigated in a larger future 

study. As a guiding hypothesis, this potential differential response in sleep SBP reduction may in 

fact stem from inherent differences between autonomic and non-autonomic BP reducing 

mechanisms in these interventions. For example, DBRR and associated biochemical effects (i.e. 

increased Nitric oxide production, bioavailability, and natriuresis) could have produced a more 

enduring BP reducing response during waking and especially during sleep, while lack of SBP 

reduction during sleep in MBRR could be attributed to the importance of conscious control in 

mindfulness and consequent re-focusing of attention that ceases during periods of sleep.  

 HTN-oriented lifestyle management effectively augments medical (drug-based and 

surgically-based) efforts. However, historical difficulties with the adoption and maintenance of 

self-management regimens has substantially limited their effectiveness, leaving patients at 

increased risks for worsening disease, hospitalizations,247-250 mortality,247,248,250,252,253 and 

increased medical costs.295 Therefore, patient self-management programs are important to refine 

and improve patient confidence and skill in self-managing their chronic disease. They impart 
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important skills while stimulating self-efficacy and patient engagement in the risk reduction 

process.256,296 Personal health coaching represents one approach supporting greater patient 

adherence in self-management regiments and potential clinical improvements.258,259,297 

Nonetheless, despite clinical effectiveness,258,259 long-term evaluations of costs in personal 

coaching interventions have been scarce. Still the cost evaluations undertaken of specific 

interventions in varying healthcare systems support cost effectiveness in Type 2 Diabetes,298-300 

cardiovascular risk reduction,300 and weight loss.301 

 While medical therapies represent the most frequently applied approaches in AF, lifestyle 

interventions are now considered increasingly relevant in AF management. In one of the first 

application of MBI to AF, Lakirredy et al.302 showed 12 weeks of a weekly-attended group-based 

Yoga class protocol led to statistically significant reductions in the symptomatic and asymptomatic 

AF symptoms reported, and to statistically significant improvements in non-ABPM measured SBP 

(-5.3 mmHg).  Other improvements involved lowered psychological distress, and increased quality 

of life (the latter is especially noteworthy as many of the AF patients had recently received catheter 

ablation). In another evaluation of a group-based weekly Yoga class protocol for AF,303 Wahlstrom 

et al. demonstrated within-group improvements in quality of life, in addition to between-group 

differences in reductions in non-ABPM SBP (-5.0 in Yoga vs.+3.0 in standard care) and DBP (-

7.0 in Yoga vs. +2 in standard care). Further applications of lifestyle-based approaches in AF 

include a third study by Malm et al.,304 where statistically significant improvements in health-

related quality of life and sense of coherence (i.e. a construct that relates to locus of control, self 

efficacy, and meaning) were observed with a 9-week group-based program of mindfulness and 

cognitive therapy (compared to usual care) at 12 month follow-up. MBI or CBT interventions have 

also been effective in improving psychological distress amongst patients with Implantable 
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Cardioverter Defibrillator (ICD) at elevated risk for irregular heart rhythms that set off a corrective 

shock procedure.305,306 

 Lifestyle-based dietary approaches in AF have been scarcely investigated. Nonetheless, the 

DASH diet, with its focus on limited saturated fat, increased fruit and vegetable consumption, 

reduced Sodium, and increased Potassium, has been observed to reduce HTN in CVD patients, 

generally, with large meta-analytic reviews in multiple CVD populations indicating overall 

reductions of 5.2-6.7 mmHg in SBP and 2.6-3.5 mmHg in DBP.209,210 MBI have also been applied 

in the BP reduction of multiple populations, with overall SBP reductions ranging between 3.8-5.0 

mmHg.307  

While the above studies demonstrate the potential applicability of lifestyle-based 

approaches, including DASH diet and MBI in AF, they do not represent the difficulties involved 

in actively applying dietary and mindfulness approaches in AF patients. These difficulties are, 

particularly relevant to patients who are optimally medicated, as were the subjects in the current 

trial. Lifestyle-based approaches have the potential to augment medical management with 

“independent and additive” benefits in risk factor and mortality reductions on top of 

pharmacotherapy reductions;308 they can therefore address a treatment gap in HTN control with 

behaviourally-based strategies that complement and, in some cases, complete HTN control. In the 

context of the present study, what was addressed was a SBP ‘gap’ in HTN control. While the DBP 

of trial subjects was controlled at normal ranges, their SBP remained abnormally high.  

The Minimal Clinically Important Difference (MCID) as a concept has been associated 

with general guidelines on improvements deemed clinically-meaningful and experientially 

meaningful to the patients, treated. While an exact MCID for SBP for AF has not been determined, 

average SBP reduction of 5-10 mmHg have been suggested as clinically meaningful in 
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development/use of antihypertensive medications, and in reducing CVD morbidity and mortality 

risks.309-310 Ettehad et al.310 in their large-scale meta-analysis of BP lowering treatments, deemed 

SBP reductions of 10 mmHg to be important in CVD risk reduction, noting the reduced risks of 

coronary heart disease (-17%), stroke (-27%), heart failure (-28%), CVD events (-20%), and 

mortality (-13%). Ettehad et al. further suggest that BP reductions regardless of baseline BP are 

useful in CVD risk reduction.  

 In relation to the mindfulness outcome, despite lack of between-group differences, both 

groups demonstrated increases in FFMQ-SF describing, nonreactivity, and to some extent the 

acting with awareness facets. While an increase in mindfulness facets within MBRR was to some 

extent expected, the increases in FFMQ-SF associated with DBRR represent a challenging but 

interesting observation. In fact, while the practice of mindfulness meditation in the research 

literature has predominantly been characterized as the method of developing greater mindfulness, 

as a psychological construct, mindfulness has been studied from dispositional, cognitive, and 

emotion regulation perspectives.234,311 Under these frameworks, mindfulness is conceptualized as 

a nurtured dispositional, self-regulatory capacity, and a meta-cognitive ability that influences 

emotion regulation and also chronic disease management.311,312 In effect, when viewed from a 

learning perspective, mindfulness has been viewed as a more differentiated state of awareness,313 

characterized by Langer as an actively-oriented learning that attends to “novel distinctions” 

without reliance on habitual self limiting beliefs that hinder learning and adoption of a broader 

perspective. In this way, personal coaching, namely the conveying of personally-relevant 

information and problem-solving skills within supportive relationships, could be considered as a 

mindfulness-facilitating process which enhances non-judgemental and conscious focus on DBRR 

objectives.  For example, while perceptions of discrepancy (i.e. current illness vs. health, current 
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diet vs. healthier diet) may foster avoidance in some participants (within a traditional information-

provision approach), in coaching, participants can see discrepancies in a novel perspective devoid 

of self-attributed negativity, following current motivational interviewing theory.314 In this way, 

DBRR coaching could have facilitated greater conscious awareness of  DBRR goals, namely: 

paying attention to reading nutritional labels while shopping for food, paying attention to dietary 

sodium and potassium, and other macronutrient content when preparing food at home, or when 

eating at restaurants, behaviours all emphasized within the DASH eating plan. While evaluation 

of mindfulness as a learning construct and ‘mindfulness-induced learning’ was not a focus of the 

current study, exploration of ‘mindfulness-induced learning’ in relation to successful chronic 

disease management and as an adherence-facilitating mechanism remains an interesting topic for 

future explorations.  

This study was limited by the small sample size limiting statistical power in detecting 

potential between-group differences. This was particularly important when considering attrition at 

16-week follow-up, which could have limited the possible detection of a statistically significant 

between-group difference in sleep SBP at 16-week follow up, necessitating a larger future study. 

However, as seen within the broader literature, lack of statistically-significant between-group 

differences in the context of active treatment comparison conditions is not uncommon. For 

example, in a three-arm parallel-group randomized controlled, van der Zwan et al.315 evaluated the 

effectiveness of 5-week physical activity, mindfulness meditation, and heart rate variability 

biofeedback interventions in lowering stress, anxiety, depression symptoms, and found no 

statistically-significant between-group differences, suggesting reduction of psychological distress 

using different intervention methods. Evaluations of other mental health interventions 

(mindfulness meditation or psychotherapy) against active comparison conditions that include non-
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specific therapeutic factors have also demonstrated comparable effectiveness between these 

therapeutic modalities.316,317  

Distance considerations were another limitation of the current study, which can be 

overcome with the use of electronic remote technology. For instance, despite availability of in-

person mindfulness group at the cardiac rehabilitation over the course of the study, this opportunity 

was utilized by only 2 participants, due to travel distance and/or scheduling conflicts. Therefore, 

we utilized in-person meetings, in addition to phone, and email contacts to deliver the MBRR and 

DBRR interventions as a mixed-modality remote intervention. However, this flexible use of in-

person meetings, telephone calls, and e-mail in accord with patient availabilities and preferences 

enabled an effective delivery of study interventions. Overall, these included: an average of 6.6 in-

person meetings, 5.2 telephone calls, and 7.5 e-mail contacts (4.9 when excluding two frequent 

email users) in MBRR, and an average of 6.1 in- person meetings, 4.0 telephone calls, and 3.2 e-

mail contacts in DBRR. 

Distance limitations in sub-urban settings can be overcome through remote care using 

smartphones, computer-based self-management applications, facilitating remote capture and 

transmission of clinical variables and personal coaching support.159,259,318 As a result, greater 

electronic integration within mainstream healthcare represents an important opportunity and 

avenue to introduce efficiencies in remote care delivery and cost savings. In the context of the 

present study, use of patient management applications can facilitate remote transfer of BP, HRV, 

as well as to provide a more efficient avenue for delivering patient education, motivation support, 

and coaching feedback to a greater number of study participants. This is can be further 

complemented with the miniaturized medical devices, facilitating remote capture of clinical 

information. For example, Lowres et al.319 used AliveCor portable electrocardiogram device to 
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monitor AF recurrence post-operation, and found device use (recording 30 second 

electrocardiograms, four times daily) to improve home detection of AF (symptomatic and non-

symptomatic episodes) along with patient knowledge of their condition and sense of 

empowerment.  

In addition, this study did not include a direct evaluation of autonomic function, as the 

emphasis was on the behavioural adoption of healthy lifestyle practices. In addition, practically 

speaking, concurrent use of 24-hour ABPM and Holter monitoring on multiple occasions would 

have overburdened participants, limiting their participation in key measurement endpoints. 

Nonetheless, integration of miniaturized echocardiogram monitors, already seen in smart devices 

and phones,319,320 alongside newer less cumbersome 24-hr ABPM devices provides an ideal 

opportunity to evaluate changes in relation to other ambulatory indicators of activity and 

cardiovascular function. Finally, in this study, AF was stable with minimal symptoms in patients, 

as they previously had received medical AF treatments. It would be interesting and worthwhile to 

evaluate the impact of MBRR or DBRR for AF patients at earlier stages of treatment or in AF 

patients with treatment resistant recurrences to evaluate how these lifestyle-based interventions 

might lessen the frequency of AF recurrences. 

In addition to the use of ABPM as a more precise way to assess ambulatory HTN, another 

strength of this study lies in the more exacting evaluation of ‘sleeping period’. While, ABPM 

studies have predominantly relied on pre-defining fixed periods for sleep, the personal activity 

diary enabled a more exact evaluation of individual sleeping/waking experiences. Patient activity 

patterns on ABPM assessment days remained within the range of daily living activities, with no 

difference between study groups, and patient’s anti-hypertensive medication regimen remained 

stable over the course of the intervention.  
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The similarity of the SBPV and DBPV measures over study time points further                                                                                                                             

indicates similar activity patterns, as BPV is predominantly influenced by variations in physical 

activity and mood. Similarly, within ABPM literature, there are concerns about the impact of 

discomfort arising from wearing ABPM devices over long durations that could influence BP 

assessment. While this has been a possibility, in our experience, this was not an issue, as only 3 

out of the 90 individuals assessed did not complete ABPM. Furthermore, as AF diagnosis primarily 

relies on long duration ambulatory monitoring of the electrocardiogram (1-14 days), participants 

had greater familiarity with long duration ambulatory clinical assessment.  

6.0 Conclusions 

 In the evaluation of MBRR vs. DBRR in AF patients with elevated 24-hr ABPM SBP 

HTN, this study found statistically significant within-group reductions in waking and sleep SBP 

from baseline to 8 and 16-weeks. There were no statistically-significant difference between 

groups, as both MBRR and DBRR demonstrated significant reductions in SBP. In addition, study 

participants reported statistically significant improvements from baseline to 8 and 16-weeks in 

indices of general anxiety, HFA, POMS tension, anger, and confusion subscales, along 

improvements in FFMQ-SF describing and nonreactivity subscales with no significant 

statistically-significant between-group differences.  
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8.0 Appendices  
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