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From this text, it is apparent that the yoga described in this scripture is different from 

how we describe yoga in the modern day. Yoga is described as method of liberation from 

constant rebirth by controlling one’s senses, but also as a state of consciousness. Therefore, 

when the term yoga is used in a traditional sense, it is actually closer to what we term meditation 

today and it does not include physical postures (Wernicke-Olesen, 2020). Although some seated 

physical postures existed at the time and although they have been closely linked with meditative 

practices throughout Indian religious history, physical postures were always secondary 

(Wernicke-Olesen, 2020, Singleton, 2010). For instance, a seminal book from Indian history 

(Mahabharata, written sometime between the 3rd century BCE and the 3rd century CE) contains 

884 references to yoga, and only two references to postures (Bryant, 2009). Other important 

works about yoga written before the 20th century mention physical aspects equally rarely, which 

indicates that yoga as a set of physical postures is a relatively recent phenomenon (Singleton, 

2010). Instead, the central emphasis in yoga throughout history has been on yoga philosophy, 
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where physical postures and meditation are one of its several components. Elaborate 

descriptions of yoga philosophy can be found in many books from around the first centuries 

BCE, most notably in Pātañjalayogaśāstra where yoga consist of the eightfold path: ethical 

rules for living (1. yama and 2. nijyama), physical postures (3. āsana), breath-control (4. 

prāṇāyāma), withdrawal of the senses (5.  pratyāhāra), fixation of the mind on one object (6. 

dhāraṇā), meditation (7. dhyāna), and complete union with all consciousness (8. samādhi; 

Maehle, 2011). Similar descriptions can be found in other traditions, such as the Noble 

Eightfold Path of classical Buddhism, or other paths in Tantric or Ayuverdic traditions 

(Mallinson and Singleton 2017). In summary, it is generally believed that meditation (dhyāna) 

is practiced by controlling the breath (prāṇāyāma), withdrawal of the senses (pratyāhāra), and 

focusing the mind on a single point (dhāraṇā) with the goal of reaching the highest state of 

consciousness (samādhi) that may lead to enlightenment, which is the liberation from the cycle 

of rebirth (termed mokṣa in Hinduism or nirvāna in Buddhism). &����������
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This study was the first to test the feasibility of mind-body interventions on prisoners with 

different personality disorders, and to provide a preliminary evaluation of participants’ response 

to these interventions using a combination of gene expression, neural, and behavioural 

measures. Thirty prisoners with personality disorders were assigned to a mindfulness 

intervention (n=10), a yoga intervention (n=10), or a wait-list control group (n=10) using 

stratified random sampling. Both mindfulness and yoga interventions were held at the same 

time and lasted three hours per day on five consecutive days. At baseline and after the 

intervention, we measured inflammation-related gene expression; resting state brain activity 

with electroencephalography (EEG); risk-taking and attention with cognitive tasks; event-

related potentials (ERPs) related to the attention task; and stress, emotion regulation and 

mindfulness with questionnaires. We found that 50% of available participants were willing to 

be recruited, and attrition rate was 30%. Although no significant changes were found on primary 

or secondary outcome measures, several medium effect sizes were found in gene expression 

analysis 6#�#���5(������W��#)*M� 5'-(������W�#*=M�0<�<(������W�#*,M��'-'-������W�#*(7 
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An indirect line of evidence for mind-body interventions and personality disorders 

stems from studies of prison populations. �����	�� ��	���� ��� ���������� ������������ ���
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(Perelman et al., 2012), and aggressive behaviour (Suarez et al., 2014). Similarly, 10 weeks of 

yoga increased positive affect, reduced stress, and improved behavioural control in prisoners 

(Bilderbeck, Farias, Brazil, Jakobowitz, & Wikholm, 2013; Kerekes, Fielding, & Apelqvist, 

2017). Other than these two yoga studies, none of the meditation studies followed a randomised 

procedure or i���	���
������������	����	�����������������������������
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�	����progress (He, Felthous, Holzer, Nathan, & Veasey, 2001; Kiehn & Swales, 

1995; Van Beek & Verheul, 2008).  

These characteristics of patients with personality disorders raise the question of feasibility of 

mind-body interventions in a prison setting. More specifically, it is not clear: 1) if there will be 

difficulties in recruiting the participants; 2) if data collection procedures and interdisciplinary 

outcome measures are suitable for the population of diverse personality disorders; 3) if 

participants will adhere to study procedures and attend assigned sessions? 4) if an external 
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research team will have the ability to manage data collection and to implement interventions 

within a clinical unit of a high security prison? With the aim of answering these question, �����
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preliminary evaluation of participants’ response to these interventions on multiple levels: 

genomic, neural and behavioural. The rationale for including genomic measures ����������
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Following the approval of five different ethics committees (University Ethics Committee, 

Health Research Authority, National Offenders Management Service, Cambridgeshire and 

Peterborough NHS Foundation Trust, and HMP Whitemoor), participants were recruited at a 

high-security prison within a clinical unit for prisoners >�������������
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Leaflets with information about the study were put in prisoners’ common areas and a 

team of four researchers (2 internal assistants and 3 external researchers from our university 

lab) approached each prisoner individually to offer a participant information sheet and to 

answer questions about the study. During the following week, prisoners who were interested in 

participating were assessed for eligibility and gave written consent. To be included, inmates 

had to be between 18 and 65 years of age and willing to sign and informed consent form. 

Inmates with major neurological disorders that compromise completing the interventions or 

research assessments, or that had difficulty in understanding English were excluded. 

Prior to randomisation, participants completed pre-intervention assessment that 

included questionnaires, cognitive tasks, EEG recordings and collection of blood samples (see 

Figure 1). Interventions commenced two weeks after the beginning of pre-intervention 

assessment to ensure enough time for data collection, as it took between two and three hours 

per participant. Following the interventions, participants completed the same set of 

questionnaires, cognitive tasks, neural recordings, and gave blood samples again. Post-

intervention assessment began three days after the intervention and lasted for ten days. The 

majority of the assessment was done by fully trained assessors in two groups of two researchers 

(one external from the university lab and one internal research assistant), the questionnaires 

were administered by internal clinicians, and blood samples were collected by internal 

phlebotomists. Unlike other measures, blood collection was not a mandatory component of the 

study. 

The data collection for neural and cognitive outcomes was done simultaneously in two 

separate rooms where two researchers tested one participant in each room. Each participant was 

escorted to the assigned testing room by a prison officer and searched before entrance. They 
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were then seated in a chair and the researchers would explain the upcoming procedure that 

could last between 70 and 90 minutes. The assessment began with EEG setup, and after 

checking the impedance and reducing EEG noise, participant was positioned to sit comfortably 

before commencing any task. The first measure was resting state EEG (rsEEG), which required 

them to rest for 4 minutes with eyes closed and 4 minutes with eyes opened (the order of eyes 

closed/opened was randomised across participants). For the eyes closed session, participants 

were instructed to close their eyes, sit back, to remain still and rest without doing anything in 

particular, and to wait for the researchers to tell them when the 4 minutes had passed. For the 

eyes opened session, participants received the same instructions but were required to keep their 

eyes fixed on the cross on the screen or on a single area on the wall. Resting state was followed 

by two cognitive tasks: Attention Network Test (ANT; Fan, McCandliss, Sommer, Raz, & 

Posner, 2002) and Risk Ambiguity Task (RAT; Levy, Belmaker, Manson, Tymula, & Glimcher, 

2012), and the� ����	��� ��������� �
����>������������
� ����	��� �����	��������������

6������*++.7# After the ANT, the participants were disconnected from the EEG and proceeded 

to perform the RAT. All the questionnaires were filled on another session during a 1-on-1 

setting with a prison clinician.  

In order to prevent baseline group differences in variables that might affect outcomes, 

participants were allocated to groups (mindfulness, yoga, or wait-list control) in equal ratios by 

applying stratified random sampling using a random number generator. Because important 

confounding variables can be unequally assigned when the sample size is small, participants 

were stratified by amount of therapy received (from zero to five years), dominant cluster of 

personality disorders (A, B, C or equally dominant A and B, and B and C), comorbid psychiatric 

disorder (seven had ADHD, two had major depressive disorder, and 21 had no other psychiatric 

diagnosis), and previous experience in meditation or yoga (five had experience in meditation, 

two had experience in yoga). Additionally, �����
������
������
������������
����
������	��
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������������������	�����7# On the day before the intervention, participants received a letter 

informing them about the group they were allocated to, and were given instructions for the 

following day. Participants were encouraged to contact members of the clinical team if they 

had any questions or experienced difficulties during the intervention period. Members of the 

clinical team actively followed up participants who missed sessions.  
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2.2. Interventions: Mindfulness, yoga, and wait-list control group 

����������>�����������������������������������������
������(;���	����������

��	�����������
��#�The length of the interventions was shorter than most mindfulness and yoga 

interventions found in the literature. Specifically, the most common mindfulness intervention 

is 26 hours long and spread over eight weeks, but a review of studies found that shorter 

interventions are just as effective, at least in terms of reducing psychological distress (Carmody 

& Baer, 2009). Additionally, several individual studies of mindfulness and yoga that used 

similar outcomes as the present study found significant effects. For instance, short mindfulness-

based interventions have been found to improve attention and self-regulation (Tang et al., 

2007), executive function (Zeidan, Johnson, Diamond, David, & Goolkasian, 2010) and reduce 

inflammatory gene expression (Kaliman et al., 2014). Similarly, short yoga-based interventions 

have been found to improve attention (Sethi, Nagendra, & Ganpat, 2013), reduce inflammatory 

gene expression (Qu, Olafsrud, Meza-Zepeda, & Saatcioglu, 2013), and affect EEG coherence 

(Ganpat, Nagendra, & Muralidhar, 2011). Therefore, many studies supported the effectiveness 

of short and intensive type of mind-body interventions, which was in our case the only option 

due to prisons’ restrictions.  

The mindfulness intervention taught skills that enable participants to cultivate 

awareness of the present moment in an open and non-judgmental manner. It included 

mindfulness of breath, mindful eating, and open monitoring, talks about the benefits of 

mindfulness, and daily group discussions where participants could give feedback and ask 

questions.   

The yoga intervention was based on Hatha yoga and covered a set of beginner yoga 

poses with modifications provided based on the level of fitness and flexibility. Just as for the 

mindfulness intervention, it also included talks about the benefits of yoga and its history, and 
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daily group discussions. Mindfulness and yoga teachers had 3 and 5 years of experience, 

respectively, including experience working with prison populations. 

Both yoga and mindfulness interventions were five days long and consisted of a 1.5-

hour long morning session and a 1.5-hour long afternoon session that were held at the same 

time. Similarities between interventions included the group format, size, structure, and contact 

hours. However, the two interventions were distinct in their content, as yoga did not include 

any meditation, and mindfulness did not include any yoga. 

Finally, the wait-list control group followed their usual regimen, which was different 

than normal because the interventions were delivered during one of the four annual week-long 

therapy breaks within unit. In comparison with their regular routine, which follows daily 

therapy and work engagements, prisoners had less duties, and were socialising more than usual. 

All participants were offered mindfulness and yoga once the data collection was over. 

 

 

4.1. Overview of measures 

4.1.1.� Background measures 

Background measures were collected from prison files and included age, levels of 

psychopathy, number of psychotherapy sessions attended, personality disorder diagnosis and 

type of committed crime. Along with all self-report measures, these variables were used in a 

one-way ANOVA to test baseline differences between mindfulness, yoga, and wait-list control 

group. However, offence type data was available only at the group level of all recruited 

participants due to confidentiality reasons.  
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4.1.2.� Genomic measures 

Blood was collected for the analysis of changes in gene expression of 38 genes related 

to inflammation and the immune system (�:�(�����
�������
��>
�M�!N ����C�4��
������*+++M�

0	��
�
��
���0�
�������C�3	������
���*++)7# Venepuncture samples were collected into 

10ml EDTA tubes, lysed and frozen at -80[3# Peripheral blood mononuclear cells were isolated 

by density gradient centrifugation. Ribonucleic acid (RNA) was extracted (QiaAmp RNA 

Blood Mini kit; Qiagen) and tested for suitable mass and integrity (NanoDrop One, Acclaro 

Sample Intelligence; Thermo Scientific). RNA was then converted to fluorescent cRNA for 

hybridization to IL-1 signalling pathway plate H96 (Bio-Rad Labs Ltd, UK). Gene expression 

data were expressed as cycle threshold (CT) values by calculating 2−ΔΔCT
�6:��
��C�0����������

*++(7��
���������������������
�����
���������
	��endogenous control genes that are 

supposed to have constant levels of expression were not stable in this case. After normalising 

2−ΔΔCT to the wait-list control group median, the data were imported into SPSS and analysed 

by group allocation based on change scores of each normalised 2−ΔΔCT
#� 

 

4.1.3.� Cognitive tasks and measures 

Attention was measured with the Attention Network Test (ANT; Fan, McCandliss, 

Sommer, Raz, & Posner, 2002), which is a computer-based test to measure participants’ 

performance in three separate components of attention. <����
��������������������� ����

���������� 6�##� ��>����7� ��� ��� 
�������� ������ ��
�� 
�� �	������
���� 
��� 
�
�����
����

��������������������	���
���������65
��C��������*++)72��

(#� 1��!���$���>�����>�������������������
�����
�������
��������
���

*#� )!������$���>�����>����������������
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The ANT takes approximately 20 minutes to complete. ����E
�����������>
������������
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Figure 2.  A schematic representation of the ANT 
�

The raw data was organised and outliers were removed (more than two standard 

deviations from the mean). The data were then imported into SPSS to calculate 
��������

��>����������
���
����������6�<7���������������������>�����
�������������2��

(7� ��������W��<��!3��\��<��3<���!3���

*7� !��������W��<!�
���!3��\��<�'�
	���!3��
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Executive attention was assessed via flanker interference, and alerting and orienting 

networks were estimated by the effects of preceding cue conditions on the speed of response to 
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the target-flanker display. 5	�����������
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Risk-taking behaviour and ambiguity attitudes were measured with the Risk-Ambiguity 

Task (RAT) that compared the preferences for risky and ambiguous monetary lotteries (Levy 

et al., 2012). Starting with 8 practice trials, the task consists of 90 choices grouped in blocks of 

45 gain and 45 loss trials. In gain trials, participants have to choose between a certain win £5 

and a lottery that can be worth £5, £8, £20 or £50 if they win, or nothing if they lose, while the 

probability of winning the lottery varies across trials. For example (Figure 3B), in a gain trial 

the participant has to choose between a certain win of £5 and a 75:25 chance of winning £20 or 

nothing (the size of each coloured area is proportional to the probability of receiving the 

outcome associated with that colour). In loss trials, monetary amounts are negative, thus 

participants have to choose between a certain loss of £5 and a lottery that can mean losing £0 

or more than £5. For example (Figure 3A), the participant has to choose between a certain loss 

of £5 and equal chances of losing nothing or £8. Beside the varying probability of winning the 

lottery, the level of ambiguity around that probability varies randomly across the task (Figure 

3C), thus the probability of winning the lottery is not always clear. Each lottery was either 

technically risky or ambiguous, allowing the assessment of participants’ aversion to known 

(risky) and unknown (ambiguous) monetary risks. The main result from this task is the 

proportion of trials on which a participant made a risky choice (i.e. chose to gamble when the 

probability of winning is low) or an ambiguous choice (i.e. chose to gamble when the 

probability of winning is not known). 
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Figure 3.  Examples of RAT trials: (A) loss trial, (B) gain trial, (C) different levels of ambiguity 
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4.1.4.� Neural measures 
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4.1.4.1. Event-related potential (ERPs) related to ANT 
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Separate averages were created for each participant for each of the two target conditions 

(incongruent or congruent flankers), and the three cue conditions (no cue, central cue, and 

spatial cue), and every possible cue-target combination (no cue-incongruent, no cue-

congruent, central cue-congruent, central cue-incongruent, spatial cue-congruent, spatial cue-

incongruent). -�������������
�������������������������
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4.1.4.2. Resting state connectivity 

For each condition (eyes opened and eyes closed), 120 epochs with a length of 2s were 

created, and then filtered using a 0.02–50 Hz band-pass filter and checked for gradient artefacts 

(maximum voltage step of 50 ]9/ms) and excessively low activity (below 0.5 ]9 in 100 ms 

intervals). The data were subsequently exported as text files for connectivity analysis in 

BrainWave (https://home.kpn.nl/ stam7883/brainwave.html; version 9.152.4.1), where the 

electrode space was rearranged and matched to the montage built into the BrainWave package, 

resulting in 30 usable electrodes (AF3, F7, F3, FC1, FC5, T7, C3, CP1, CP5, P7, P3, Pz, PO3, 

O1, Oz, O2, PO4, P4, P8, CP6, CP2, C4, T8, FC6, FC2, F4, F8, AF4, Fz, Cz). First, the data 

were used to test if there were changes in average neural connectivity following the 

interventions. This was done by filtering the data into relevant frequency bands; delta (0-4 Hz), 

theta (4–8 Hz), alpha1 (8–10 Hz), alpha2 (10-12 Hz) and beta (12–25 Hz), and running a 

weighted phase lag index (wPLI) connectivity analysis. The wPLI quantified functional 

connectivity between the 30 electrodes, within each epoch, for each frequency band, for each 

condition, and for each participant. The wPLI expands upon standard phase lag index analysis 

that quantifies phase synchronisation into two different time series by examining the asymmetry 

of the distributions of phase differences (Hardmeier et al., 2014; Vinck, Oostenveld, van 

Wingerden, Battaglia, & Pennartz, 2011). Second, the data were used to test if there were 

differences in efficiency of neural communication following the interventions. This was done 

by calculating minimum spanning tree (MST) mean, which is based on recent advances in graph 
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theory that minimise bias in comparisons between groups and experimental conditions (Stam 

et al., 2014). Both wPLI and MST mean data were imported into SPSS where change scores 

were calculated.  

 

4.1.4.3. Power analysis 

Each set of artefact-free EEG data (2s epochs) was subjected to Fast Fourier Transform 

(FFT) analysis with a 10% Hanning window, performed by BrainVision Analyzer. Absolute 

EEG band power (μV2) for all 30 electrodes was calculated for delta (0-4 Hz), theta (4–8 Hz), 

alpha1 (8–10 Hz), alpha2 (10-12 Hz) and beta (12–25 Hz) frequency bands. The data was then 

imported into SPSS to test if there were significant changes in power following the 

interventions. 

 

4.1.5.� Questionnaires 

As mentioned in the introduction, the choice of outcomes was primarily based on the 

self-regulation theory (Tang et al., 2015): 

1)� Emotion regulation (Difficulties in Emotion Regulation Scale; Gratz & Roemer, 

2004)  

2)� Perceived stress (Perceived Stress Scale; Cohen, Kamarck, & Mermelstein, 1983)) 

3)� Mindfulness (Mindful Attention Awareness Scale; Brown & Ryan, 2003) 

 

The Mindful Attention Awareness Scale (MAAS; Brown & Ryan, 2003) is a 15-item 

scale that measures dispositional mindfulness. It asks participants to rate the degree to which 

they are attentive to and aware of present moment experience (e.g., ‘‘I find it difficult to stay 

focused on what’s happening in the present’’) on a scale from 1 (almost never) to 6 (almost 

always). <����
�����>������������������������������
����
������
���
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����#�The measure takes 10 minutes or less to complete. 

Individual items were averaged to create a composite dispositional mindfulness score. Higher 

score indicates higher levels of trait mindfulness. Internal consistency (coefficient alpha) at 

baseline in the present sample was .69.  

The Perceived Stress Scale (PSS; Cohen et al., 1983) is a 10-item scale that is the most widely 

scale for measuring the perception of stress. It asks participants to rate the degree to which 

situations in their life are appraised as unpredictable, uncontrollable and overloaded (e.g., ‘‘In 

the last month, how often have you felt difficulties were piling up so high that you could not 

overcome them?’’) on a scale from 0 (never) to 4 (very often). The PSS was designed for use 

in community samples with at least a junior high school education. The questions are of a 

general nature and hence are relatively free of content specific to any subpopulation group. The 

measure takes 10 minutes or less to complete. Individual items were summed to create a stress 

score. Higher score indicates higher levels of stress. Internal consistency (coefficient alpha) at 

baseline in the present sample was .15. 
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‘‘When I am upset, I become irritated with myself for feeling that way’’7����
���
�������(�

6
������ ���7� ��� ;� 6
������ 
�>
��7� ��� �
�� ����� �����
�� ������������ ����� ���T�����

���
��������
���
�B	
��������	���
�������������
������#�The measure takes 15-25 minutes 

to complete. Individual items were summed to create a composite score. Higher score 

indicates greater difficulties in emotion regulation. Internal consistency (coefficient alpha) at 

baseline in the present sample was .91. 
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4.2. Overview of statistical analysis  

To provide a preliminary evaluation of participants’ responses to mind-body 

interventions, data analyses were performed based on intent-to-treat (ITT) principles. Post-

intervention missing data of the nine participants who dropped out was handled by running 

multiple imputations. A p-value of <0.05 was considered significant and Bonferroni correction 

was implemented to adjust for multiple comparisons 6�##���#+*�>
�������������������
������

�������	
��*����	������
������7. The data were analysed with the IBM SPSS 24.0 software 

(Statistical Package for Social Sciences, SPSS Inc., Chicago, IL). The effectiveness of 

interventions was tested by calculating changes scores and running non-parametric Kruskal-

Wallis test ����'�����������
�����because the assumptions for ANOVA were not met. If 

there was a significant difference detected, it was followed with Mann-Whitney U test and 

Kolmogorov-Smirnov Z test to determine specific group differences. Additionally, eta squared 

was used as a measure of effect size to determine the proportion of variability in outcomes that 

can be explained by group membership. 

 

 

��� 	���(���

��
��-#(�#����������#��+�(��/�

Within one week, we enrolled 30 participants out of 59 prisoners who were in the 

clinical unit for personality disorders within HMP Whitemoor on March 2017. The recruitment 

process was facilitated by collaborating with internal research assistants who were familiar with 

each prisoner. The most common reason for refusing to participate in the study were self-

reported physical limitations, likely stemming from media portrayal of yoga as being for slim 

and flexible individuals only. The other most common reason was related to the timing of 

delivering interventions as it was only possible to deliver them during one of the four annual 
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week-long therapy breaks within the unit. In comparison with their regular routine, which 

follows daily therapy and work engagements, during the therapy break prisoners have less 

duties, and also socialise and rest more than usual, thus some refused to participate in the study 

in order to avoid additional obligations. Finally, some potential participants refused to 

participate due to randomisation procedure because it prevents choosing which group to be 

assigned to. Similarly, 23% of recruited participants demanded to be assigned to their preferred 

group, which disabled a standard randomisation procedure. Nevertheless, stratified random 

sampling was successful as there were no differences between the three groups based on the in 

terms of psychopathy, type of personality disorder, perceived stress, emotion regulation, trait 

mindfulness, age or number of attended psychotherapy session. (Table 1). The 30 recruited 

participants were all male and had a mean age of 41 (SD = 8.00). All recruited participants had 

two or more personality disorders, which is commonly observed in clinical practice 

(Zimmerman, Rothschild, & Chelminski, 2005), while 90% of recruited participants had ASPD.  

The data collection procedures lasted two to three hours per participant at each of the 

two time points and included a set of three questionnaires, two cognitive tasks, EEG recording 

and an optional blood sample collection. Despite the length and the complexity of measures, all 

participants had the capacity to complete the entire data procedures without taking a break. 

Participants understood the questions and tasks, the only exception being the risk-ambiguity 

cognitive task where some had difficulties with understanding the instructions. As blood 

collection was not mandatory, only 12 out of 30 participants agreed to give blood. The main 

reason for rejecting blood collection was a fear of misusing their blood sample and a lack of 

trust in anonymisation of data, which was especially evident in participants with paranoid 

personality disorder.  

We encountered further difficulties on the first day of the interventions when four out 

of 30 participants decided not to attend sessions of the group they were allocated to, despite 
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agreeing to random allocation before signing the consent form. Instead they went to their most 

preferred group; two participants that were allocated to yoga attended mindfulness sessions 

only, and two participants that were allocated to the control group attended yoga sessions only. 

The attrition rate was medium, which is similar to other studies of mind-body interventions 

(Baer, 2013).  Specifically, nine (30%) dropped out of the trial before any follow-up data could 

be collected: five from the yoga group, three from the mindfulness group, and one from the 

control group. Therefore, follow-up data are available for 21 participants: five from the yoga 

group, seven from the mindfulness group and ten from the control group. The participants who 

dropped out are included in all the analyses in accordance with intention-to-treat principles, 

thus the final sample size is 30. All participants in the mindfulness or yoga group attended a 

median of six out of eight delivered sessions, and a minimum of four sessions. The two final 

scheduled sessions (session nine and ten) were not delivered due to a full lockdown within 

prison due to problems in another unit, which points to the unpredictable barriers in delivering 

an interventional study in a prison setting. Therefore, participants spent the final day locked in 

their cells instead of attending mind-body interventions. Overall, there were sufficient resources 

to manage the data collection and interventions within a clinical unit for personality disorders 

of a high security prison. The crucial component of delivering this study was a successful 

collaboration with internal research assistants, clinicians and other staff members. 
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Table 1. Baseline characteristics of participants across conditions (N = 30, 10 per group) 
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full lockdown for all prisoners on that day, including our study participants. Therefore, we 

managed to deliver only 8 sessions (12 hours), instead of 10 sessions (15 hours). The lockdown 

rarely occurs within the clinical unit where the study was conducted, and it is very different 

from a regular day-to-day life of the prisoners because they are normally only locked in during 

the night. Therefore, this was a stressful event that might potentially have, to a certain degree, 

counteracted the beneficial effects of mindfulness and yoga.  

�����	��������	����	������	�����
�������������������������
���������
���������

������	�
�������������>������������������
��������������65��	�0������
�#6�*+()M�0����

��
�#6�*+(*7�
���������������6-����������
�#6�*+(,M�'������
�#6�*+(.M�0
�	�������
�#6�

*++.M�0	������
�#6�*++/76��������	�����	��������
������
������������
���������������������

��	�
����������>���������	�����
������
6�������
���������
�	����	����#������������6�



550943-L-bw-Buric550943-L-bw-Buric550943-L-bw-Buric550943-L-bw-Buric
Processed on: 11-11-2020Processed on: 11-11-2020Processed on: 11-11-2020Processed on: 11-11-2020 PDF page: 101PDF page: 101PDF page: 101PDF page: 101

�

�

A�A�

�

�

>����
��������������
�6����������
����	�
���
�	������>��������>��������"����
��
��


����
������"��6� ���
������ ���>���
������ �
���� ����� ��"�#�&�������
���6� 
� �
���

����� ��"�>
�� ��	��� ���� ��� E�������������� ��5(� ��
�� ������ 
�������� ��
�� ��	�
���


��������������
�����������
������>�����
��
��	��	���	������������	����������	��	������

���>���
�������	�
�����
�����	���������
�
������	��	������#� Although generally larger 

sample size is necessary to detect the effects of intervention,� �
���������������� ���
���>����

��
����
������
�������������������
�����
��6�
����
����������
����������������65������6�

*+(*7#��������������"��>��������
������������������
�	��6�����������
����
���88?�

�
�	��6�>����������������������"��>�����	������
����������E�������6���������������

��
�����E����������
����
����������������
�����
����������������>��������������

�������������������
�������������6���	���	�	����	�������	��������
�����E�����������	�����

�������	�����B	�������
�����������������
�
����������6�����
��
���
�
�����#��!�����
��

�������
�������������
����������������������
������������
�	�#���������	���������	�������

�����	����� ��� ���
�>���� ��������� ��� �
������>���� �����
����� ��������� ��	��� ��������
���

��������������������������������������#�����������������
�������
������������	������
��

��	��������������
��������6��	���
����������	������#�<�����6��������������������

�
�� ��
���	�����������>�� ����������������
��������������	����	����
�����
�� ��� ��	�

�������"�>�	�������
��������������	�������������
������>�������
��#��

  This study has several strengths and methodological innovations. First, although there 

are several other studies of mindfulness and personality disorders 65��	�0������
�#6�*+()M�0����

��
�#6�*+(*7 of mindfulness and prisoners (Bowen et al., 2006; Perelman et al., 2012; Samuelson 

et al., 2007; Suarez et al., 2014; Sumter et al., 2009) and of yoga and prisoners (Bilderbeck et 

al., 2013; Kerekes et al., 2017), most of these previous studies did not have a control group, and 

none of them included prisoners with personality disorder diagnoses. This study contributes to 

both forensic and psychiatric literature as the first controlled pilot trial of mindfulness and yoga 
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population despite its prevalence. We included two matched mind-body intervention groups 
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We assessed the methodological quality of the studies using the National Institutes of 

Health Study Quality Assessment Tools: Quality Assessment of Controlled Intervention 

Studies and Quality Assessment Tool for Before-After (Pre-Post) Studies with No Control 
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There was a total of 7782 participants across 50 articles (full references of included articles 

can be found in appendices). Studies showed moderate quality based on the National Institutes 

of Health study quality assessment tools (see Table 3). Median length of meditation 

interventions was 56 days. Out of the 50 included studies, mindfulness meditation was used in 

68% of the studies, while 14% of the studies employed transcendental meditation, and other 

techniques (mainly compassion or breathing meditations) were used in 18% of studies. 

Furthermore, 56% of the studies had a pre-post design studies without a control group, while 

44% were randomised controlled trials. Randomised controlled trials used active control groups 

in 58% of cases, which included psycho-education or various forms of attention control, such 

as reading or listening to a story.  

Healthy adults were examined in 56% of the 50 eligible studies. The most common 

clinical populations were patients with chronic medical conditions, such as cancer, hypertension 

or arthritis (24%). The most prevalent mental disorders were anxiety (18%) and depression 

(18%), followed by substance abuse (14%), and studies that targeted more than one mental 

disorder (14%). Studies were published between 1978 and 2018, though the majority (72%) 

were published in the past ten years, which suggests a growing interest in examining the effects 

of participant characteristics.  
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�utcome valence: Do the effects of participant characteristics vary depending on                        

whether mental health outcomes are negative or positive? 

 
  Next, we tested whether each of the identified categories was linked to negative and/or 

positive effects on mental health after mediation. The mean effect size for participant 

characteristics on the negative effects of meditation was r = 0.12. The largest effect sizes were 

for stress-related factors (r = 0.25), well-being (r = 0.24), depression (r = 0.22), and 

psychopathology (r = 0.21), while the smallest were for demographics (r = 0.03), interpersonal 

(r = 0.03), and mindfulness (r = - 0.04) variables. Only four categories out of 12 had statistically 

significant effect sizes: Psychopathology, well-being, depression, and stress-related factors. 

There were less than four studies available for medical conditions for this particular analysis, 

thus this variable was not examined (see Table 5). 

 The mean effect size for participant characteristics on the positive effects of meditation was r = 

0.11 (CI 0.06, 0.15). Six out of 10 categories were significant: motivation (r = 0.23), medical 

conditions (r = 0.19), well-being (r = 0.19), interpersonal (r = 0.17), mindfulness (r = 0.15), and 

stress-related factors (r = 0.10), (see Table 5). The results were not carried out for three 

categories – anxiety, psychopathology, and belief system – because there were less than four 

studies available. The analyses also revealed that the diversity in outcome measures was a large 

source of heterogeneity, as the Q statistic decreased when the data were split into studies with 

positive and negative outcomes (see Table 6). Therefore, although the overall analysis indicated 

that there was homogeneity of effect sizes across studies, this was not the case once the total 

sample was divided into sub-classes based on the different types of outcomes of meditation. 

Rosenthal’s fail-safe N was large for both positive and negative outcomes (510 and 457, 

respectively), suggesting that the results are robust. 
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Research design: Do participant characteristics have a larger effect in randomized 

controlled trials? 
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�� Meta-regression was conducted to examine three continuous moderators: sample size, 

length of meditation intervention, and study quality. We first tested whether sample size 

moderated the effect size of participant characteristics. Meta-regression confirmed that 

participant characteristics had a smaller effect on meditation outcomes when studies had larger 

samples (p = 0.01). Next, we investigated whether the frequency of meditation intervention or 

practice moderated the effect size of participant characteristics. Meta-regression results showed 

that the effect size of participant characteristics was not affected by the frequency of meditation 

practice (p = 0.79), which varied from 1 to 365 days. The third question concerned the 

moderating effect of the methodological quality of the study (for scores see Table S1 in the 

Supplement). Meta-regression showed that quality of the study moderated the effects of 

participant characteristics on meditation response, so that studies with higher quality had lower 

effect sizes (p = 0.02). Fail-safe N confirmed that the results are rigorous for all three meta-



550943-L-bw-Buric550943-L-bw-Buric550943-L-bw-Buric550943-L-bw-Buric
Processed on: 11-11-2020Processed on: 11-11-2020Processed on: 11-11-2020Processed on: 11-11-2020 PDF page: 163PDF page: 163PDF page: 163PDF page: 163

�

�

�/ �

�

�

regressions, but Q statistics point to significant heterogeneity, which indicates large variability 

in effect sizes (see Table 6). 

�

�� ������@����������

 The present meta-analysis shows that participant characteristics play a significant role 

in shaping responses to meditation. Here we focused on participant characteristics as sources 

of variability in responses to meditation, though we acknowledge that contextual factors, such 

as characteristics of the meditation teacher or group processes, can also play a role. We found 

that six categories of participant characteristics were significantly related to meditation 

outcomes. Small to medium effect sizes were found for well-being, psychopathology, medical 

conditions, stress-related factors, depression and anxiety. On the other hand, mindfulness, 

motivation, demographics, interpersonal, belief system, self-concept and psychological traits 

variables had no significant effect on the overall meditation outcomes.  

  The second set of results concerned the impact of participant characteristics on 

negative and positive health outcomes. Psychological traits, self-concept and demographics 

were the only non-significant categories for the overall analysis and for the positive/negative 

subgroup analyses. This suggests that the response to meditation is not significantly impacted 

by participants’ personality traits as operationalized in, for example, the Big Five theory of 

personality, nor to self-concept variables such as self-esteem or locus of control. In line with 

our findings, demographic variables have previously been found to not have a significant effect 

on the effect of meditation on health. For example, there was no effect for age and gender on 

psychological outcomes of various types of meditation in clinical and non-clinical samples 

(Sedlmeier et al., 2012). Similarly, there was no effect of age on outcomes of mindfulness-

based interventions in non-clinical (Khoury et al., 2015) or clinical populations (Goldberg et 

al., 2018). It is important to note, though, that the similar results found in previous meta-
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analyses were based on a more restricted set of studies, while our meta-analyses included a 

much larger dataset obtained through a targeted search of all studies that examined the role of 

participant characteristics on meditation responses.  

  In contrast, two categories were significantly related to meditation outcomes in all 

analyses: well-being and stress-related factors. We found that participants with higher baseline 

levels of well-being showed moderate increases for both negative and positive meditation 

outcomes. Similarly, participants with higher baseline levels of stress showed moderate 

increases in negative outcomes, and small increases in positive outcomes. These results suggest 

that meditation has contrasting, even opposing effects for individuals with higher well-being 

and higher stress levels. One possible explanation for the effects of well-being is that self-report 

measures mask cognitive biases in answering items, such that individuals with lower insight 

into their emotions, thoughts and behavior, or with a high tendency to show social desirability, 

might rate themselves high on well-being measures. Another possibility is that learning 

meditation may reveal unwanted or less desirable aspects of the self, which are difficult to deal 

with and, as a consequence, lead to less positive outcomes. Some authors have argued that 

mindfulness-based types of meditation, where one learns to observe in a non-judgmental way 

one’s thoughts and emotions, can be a difficult process for some or take longer to process than 

the usual time of the interventions (Creswell et al., 2014; Farias & Wikholm, 2015). 

  There was another unexpected and somewhat counter-intuitive result. Subgroup 

analysis revealed that baseline levels of depression were only significantly related to negative 

outcomes. In other words, a meditation practice or intervention is more likely to lead to negative 

outcomes for an individual reporting a higher level of depression. We need to qualify this result 

by looking at the individual studies that led to this result. Three out of the nine included studies 

in this category were conducted with participants with a diagnosis of current major depression 

episode (Ly et al., 2014) or a history of major depression (Geschwind et al., 2012; Zautra et al., 
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2008), while the six remaining studies included different clinical populations that often exhibit 

symptoms of depression, such as chronic pain conditions (Brotto et al., 2015), breast cancer 

survivors (Tamagawa et al., 2015) or substance use disorders (Roos et al., 2017). This suggests 

that it is not depression per se, but depression as a comorbid factor that might interact negatively 

with meditation. This claim seemingly contradicts prior meta-analytic findings showing that 

individuals with a current episode of depression can benefit from a meditation-based 

intervention (Strauss et al., 2014). However, Strauss and colleagues (2014) did not directly 

examine if there was a relationship between the extent of depression symptoms that are present 

before the meditation intervention and the outcomes after the intervention, thus there remains a 

possibility that their data would show results similar to ours if the same research question was 

examined.  

  Overall, these results highlight the possibility that some individuals can react 

negatively to meditation, which contradicts previous reports that adverse events are either non-

existent or very infrequent in mindfulness-based interventions, happening in about only 1% of 

participants (Wong et al., 2018). The negative effects of mind-body interventions have been an 

uncomfortable and neglected topic within meditation research, though recently some studies 

have suggested that unwanted, unpleasant, or adverse experiences in meditators are relatively 

common, with suggestions that the prevalence for these effects may be as high as 25 to 32% 

(Cebolla et al., 2017; Schlosser et al., 2019). The prevalence and relevance of these negative 

effects are underestimated. Two recent meta-analyses of mindfulness-based therapeutic 

interventions found that only 9 trials out of 47 (19%) (Goyal et al, 2014) and 36 trials out of 

231 (16%) (Wong et al, 2018) reported adverse effects. There are also criticisms concerning 

the use of unreliable methods to address these negative effects (Lindahl, Britton, Cooper & 

Kirmayer, 2019), and a tendency to frame these effects as difficulties during meditation which 
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will eventually transform themselves into positive experiences (e.g., Chen, Qi, Hood & Watson, 

2011).  

   In this respect, our results indicate that individuals with baseline characteristics of 

high depression and psychopathology are more likely to not benefit from meditation than others 

without these characteristics. This finding supports the work of clinicians who have been calling 

for the careful screening of participants before engaging with meditation-based interventions, 

particularly aiming to protect those who are at higher risk of mental health problems (Lustyk et 

al., 2009). Other than screening, clinicians should be encouraged to monitor the whole range of 

meditation-related experiences, in order to understand how difficult or negative experiences are 

appraised, the level of distress or functional impairment, and their duration, so that additional 

support may be provided.  

  Looking at the other side of the spectrum, subgroup analysis revealed that motivation, 

medical conditions, and interpersonal characteristics were significantly related to only positive 

outcomes. These results point at various interesting possibilities. First, it indicates that those 

suffering from medical problems may particularly benefit from meditation. It would be 

interesting for future studies to look at the processes that potentially mediate this relationship, 

such as self-regulation, or detachment from anxiety related to the medical condition. Second, it 

shows that interpersonal characteristics play a significant role in shaping meditation outcomes. 

A closer look at the studies involved shows that most of them focused on negative interpersonal 

factors, such as abuse, violence, and sexual trauma. This is in line with some research 

suggesting that individuals with a history of childhood trauma are more likely to benefit from 

a meditation-based intervention, when being treated for recurrent depression (Williams et al., 

2014). Thirdly, motivational factors, such as positive attitudes and expectations of meditation, 

were associated with positive outcomes. This is an expected finding as it can be assumed that 

individuals who begin learning meditation with higher motivation and expectations of 
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achieving benefits actually do show more benefits. Nevertheless, this is an important result to 

consider, since few meditation studies have controlled for this variable. Those who have, 

though, have found that positive expectations of meditation outcomes play a significant role in 

the results of studies (Creswell  et al., 2014). 

We took a deeper look into the data by examining several moderators: research design, 

sample type, meditation type, length of meditation intervention, sample size and study quality. 

The effects of participant characteristics on meditation outcomes were statistically significant 

concerning the type of research designs (RCTs or non-RCTs), the types of samples (clinical or 

non-clinical), and whether a study employed transcendental meditation or mindfulness. 

However, we did not find a significant effect of participant characteristics in studies that 

employed other types of meditation interventions. The likely reason for this is that only 9 out 

of the total of 50 studies used meditation interventions other than mindfulness or transcendental 

meditation, and these studies included various types of meditation (e.g., paced breathing or 

compassion meditation) and showed somewhat inconsistent results — as indicated by the large 

confidence intervals.  

The results of meta-regression showed that participant characteristics have the same 

effect on the outcomes of meditation regardless of the length of meditation intervention, which 

ranged from 1 day to 1 year. This suggests that future studies could successfully study the 

effects of participant characteristics using brief meditations interventions because predictors of 

short-term and long-term outcomes of meditation are similar.  On the other hand, participant 

characteristics had a smaller effect on meditation outcomes when studies had larger samples 

and higher methodological quality.  

One critical consideration is the large amount of variation in measures of individual 

differences in meditation research. To deal with this, we created categories based on previous 

research. There is are inherent ambiguities in this process; for example, some could argue that 
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‘experience in group therapy’ should not belong to the category ‘well-being’, but in the 

interpersonal category. We have dealt with this problem following standard protocols of inter-

rater reliability and discussion. We also acknowledge that this meta-analysis is the first one of 

its kind, which means that further work is required to validate its results and develop clear 

clinical recommendations. One suggestion for a future meta-analysis is include individual level 

data, instead of group averages that were used here. We found that overall, the quality of studies 

was moderate. Studies typically maintained fair or good quality by consistently and clearly 

stating the objectives and describing the interventions, recruiting participants representative of 

the target population, using valid and reliable measures, and avoiding high drop-out rates.  

 

6.� Conclusions 

             This meta-analysis has shown that participant baseline characteristics significantly 

influence the response to mindfulness and Transcendental Meditation interventions. Although 

more work is needed to validate these results and develop clinical recommendations, our results 

lead us to suggest that it should be mandatory to actively monitor the experiences of individuals 

undertaking meditation interventions, particularly individuals with high levels of 

psychopathology and depression who are more likely to experience a deterioration of their 

condition or other adverse effects. We are not categorically stating that difficult or unexpected 

experience during meditation is necessarily psychopathological or abnormal, but the meaning 

and consequences of such experiences need to be controlled for and examined in a dialogue 

with the affected individual. We hope that the societal interest in meditation and in its health 

promoting possibilities, coupled with the growing awareness of personalized medicine, will 

engage clinicians, researchers, and meditation teachers in a dialogue that openly addresses for 

whom and when meditation is indicated or contra-indicated. 
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