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Abstract

Objective

This study aims to study the effect of mindfulness-based program on the psychological, bio-

mechanical and inflammatory domains of patients with chronic low back pain.

Methods

A multicentre randomized and controlled clinical trial of parallel groups in patients with

chronic low back pain between March 2019 to March 2020. Participants with no experience

in mindfulness based intervention, were randomized to receive (36 patients) or not (34

patients) mindfulness-based stress reduction program for chronic back pain (MBSR-CBP).

The program was performed in 9 sessions. Patients with chronic low back pain due to symp-

tomatic discopathy (degenerative disc disease or herniated disc) were included. The princi-

pal outcome was changes in the blood level of cortisol and cytokines (tumor necrosis factor-

α (TNF- α), interleukin-1β (IL-1β), interleukin-6 (IL-6) and interleukin-17 (IL-17)). Secondary

outcomes (psychological factors, pain, and quality of life) were measured by validated

questionnaires.

Results

Of the 96 randomized patients, 70 who completed the study were included in the analysis

(mean [range] age: 53 [33–73] years; 66% females). MBSR-CBP stopped the increase in

cortisol, and reduced pro-inflammatory cytokine IL-1β (p = 0.05). It reduced depression (p =

0.046) and stress (p = 0.0438), perceived pain (p < 0.0001), and limitations related to health
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(p < 0.0001). It also increased the physical function (p = 0.002) and sleep quality (p = 0.05).

Furthermore, it significantly increased life satisfaction (0.006), well-being (p = 0.001) and

vitality (p < 0.0001). It also increased self-compassion (p < 0.0001) and significantly reduced

the overidentification (p<0.0001) and catastrophization (p = 0.002).

Conclusions

MBSR-CBP could be part of a multidisciplinary approach in the management of patients suf-

fering from chronic low back pain.

Introduction

Chronic low back pain, as indicated by the Global Burden of Disease Study 2019, represents

the fourth overall cause of burden in the age range of 25 to 49 years, the seventh in the age

range of 10–24 years, and the sixth in the age range of 50–74 years [1]. Back and neck pain

present the world’s largest disease burden related to years lived with disability [2, 3]. The over-

all point prevalence mean in the general population is estimated at approximately 7% for cervi-

cal pain and 14% for low back pain [4, 5], with high recurrence rate in both conditions [1].

The condition is considered ‘chronic’ when it persists for more than 3 months or when it stays

for a longer time than is necessary for the recovery of a tissue lesion [6].

Identified risk factors of pain chronicity are age, genetic predisposition, sex, previous expe-

rience and attitude toward pain [7, 8]. Nonspecific pain could account for the 90–95% of cases

with back pain [9], where it has not been possible to clearly identify the structure, the pathol-

ogy or the real origin of the symptoms.

Chronic pain states are often accompanied by affective, emotional and cognitive disorders

(e.g., anxiety, depression, sleep disorders and cognitive deficits) [10]. The standard definition

of chronic pain, defined as pain experienced on most days or every day in the previous 3

months, lacks specificity. There are individuals that evolve favorably after a few months and

other that suffer chronic pain for several months, altering their way of life considerably. Fur-

thermore, there are different degrees of severity. There are patients living their lives in a nor-

mal way, with limitations, and others who can spend days in bed.

To address this problem The US National Pain Strategy proposed the concept of high-

impact chronic pain (HICP). The aim of the definition is to better identify people with signifi-

cant levels of interference with life (i.e. daily activities, work, exercise, etc.) [11]. HICP incorpo-

rates both disability and pain duration. Based on the 2011 National Health Interview Survey,

the prevalence of HICP can be calculated in US population [12]. IPCA affected 4.8% of the US

adult population, or about 10.6 million people, compared to 13.60%, or about 29.9 million peo-

ple with chronic pain without limitation (CPWL). It was estimated that 7.9 million people,

74% of the CPWL population, had chronic (high intensity) back pain, and 19 million people,

63.5% of the CPWL population, had chronic back pain (without limitations). Approximately

41.5% of the population with chronic back pain have HICP, significantly limiting their quality

of life [12].

In the United States neck and low back pain are the second-leading condition that

increased its spending between 1996 and 2013, with $64.4 billion over 18 years [13]. Therefore,

there is a need to find cost-effective treatments for these conditions. Degenerative disc disease

is affecting 266 million patients (3.63%) with low back pain every year [14]. It is incidence in

Europe has been estimated in 5.7%. The subset of symptomatic disc degeneration has affected
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José Maria Cagigal, 19, 01007 Vitoria, Spain. Tel.:

+34 945160653. Fax.: +34 945 158 934. Email:

virginia.cuadrado@bti-implant.es. The conducted

research was not preregistered with an analysis

plan in an independent, institutional registry.

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist. Outside the

submitted work, Dr. Alkhraisat and Dr. Anitua are

researchers at BTI Biotechnology Institute.

https://doi.org/10.1371/journal.pone.0276734
mailto:virginia.cuadrado@bti-implant.es


403 million new patients every year worldwide. The treatments of symptomatic disc degenera-

tion vary from noninvasive (physical therapy, pain medication) to invasive surgical interven-

tion [15]. Surgical approaches will be associated with risks of the surgery and may derive in

repeated surgeries due to the increase in the stress received by the other segments. There is a

need for interventions that combine strategies based on decreasing symptoms of stress and

depression, increasing coping with pain and increasing physical activity, as all of these vari-

ables are predictors of improvement.

Interestingly, the implementation of cognitive behavior-based program has produced a

reduction of the Oswestry Disability Index (ODI) in nonsurgical and surgical patients [16].

Furthermore, mindfulness-based therapy has produced a positive effect on pain beliefs and

psychological well-being of patients with disk herniation [17]. Preoperative mindfulness-based

stress reduction (MBSR) may have benefits in pain control for those patients undergoing spine

surgery [18].

MBSR programs could be a good alliance in the clinical managements of patients with pain-

ful disk degeneration. In 1982, Kabat-Zinn employed an outpatient program based on the

practice of mindfulness meditation for chronic pain patients that achieved a significant reduc-

tion in pain [19]. This improvement has been related to the detached observation, a basic

learning in meditation practices, which would help to uncouple the sensory aspect of pain

experience from the affective alarm reaction [19]. More randomized clinical trials have

reported a clinical benefit of the MBSR in patients with low back pain [20–22]. The MBSR has

been shown to be cost saving when compared with usual care alone for chronic lower back

pain [23]. That seminal study has significantly expanded the employment of mindfulness-

based stress reduction (MBSR) programs in medicine. Participation in such programs has

shown to be effective to improve anxiety, depression and pain [24–26]. Burns et al. have

shown in patients with chronic pain that MBSR has produced significant differences to the

“usual care alone” on average by session 6 [27]. The positive effect of the MBSR program on

depression symptoms could be mediated by the reduction in rumination [25]. Also, neurobio-

logical research has shown that mindfulness interventions significantly affect cortisol levels,

age-related DNA telomere maintenance activity and neuronal activity [26, 28, 29].

Furthermore, there are indications that reductions in stress are mediated by lowering the

levels of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6 and IL-17) and influencing factors

of cell transcription and gene expression [30–32].

To study the efficacy of the MBSR program on the inflammatory, psychological and bio-

mechanical domains of patients with low back pain and symptomatic discopathy or disk herni-

ation, randomized controlled clinical trials have been designed and implemented. The null

hypothesis has been that MBSR had no significant influence on the inflammatory biomarkers

and symptoms in patients with chronic low back pain. This could be related to the absence of

effect on patients’ approach toward pain, disability, well-being and overall subjective health.

Materials and methods

Trial design

A multicenter randomized and controlled clinical study with parallel arms was designed and

implemented. The clinical trial was conducted from March 2019 to March 2020. Three inde-

pendent centers Eduardo Anitua Foundation (Vitoria, Spain), Complutense de Madrid Uni-

versity (Madrid, Spain) and Nirakara Lab (Madrid, Spain)) participated in the clinical trial.

The trial protocol was approved by the ethics committee for research with medicaments of the

Basque Country, Spain (FIBEA-01-EC/18/MIND)) On the 9th of January, 2019. The clinical
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trial was registered on clinicaltrials.gov (ClinicalTrials.gov Identifier: NCT03911375). Written

informed consent was obtained.

Patients

Invitations to participate in the free of cost study was sent via an email to the patients database

of the participating Centers, describing the study objectives, the selection criteria and the com-

mitment required from the patient. Those interested in participating (n = 233) filled out an

online questionnaire, using the Qualtrics SAAS software featuring questions related to the

exclusion criteria. The inclusion criteria were: having a diagnosis of symptomatic discopathy

due to degenerative disc disease or herniated disc at any part of the spine, (i.e., participants

had to provide a medical report informing of an existing discopathy), have been diagnosed

with chronic pain no more than two years before the recruitment phase, normal or moderate

mobility, normal cognitive state, have previously read and signed the informed consent form

and ability and willingness to comply with the procedures included in the study. The exclusion

criteria were serious psycho pathologies, suicidal thoughts, severe depression, psychosis, drug

addiction, very limited functional capacity, and impaired cognitive functions (patients con-

fined to their beds or a chair, or reliance on third-party), and initiate clinical, psychological or

pharmacological treatments other than those used to treat pain or being experiencing drastic

changes in lifestyle. Ninety six patients were initially recruited (Fig 1).

Fourteen patients could not make the program because of the restrictions installed in Spain

by State of Alarm declaration. Another 10 patients did not attend the study claiming agenda

problems. Two more patients did not attend the appointment for second evaluation. Seventy

patients finally participated in the study with a total of 33 patients in Vitoria and 37 in Madrid.

In the experimental group, 5 patients did not attend the visit for blood extraction and 2

patients did not deliver the questionnaires. For the control group, 2 patients did not attend the

visit for blood extraction and 1 patient did not deliver the questionnaires. The sample had a

mean age of 53 ± 10 years (range: 33 to 73 years) and 46 patients (66%) were women. The par-

ticipants assigned to the control group continued with their ongoing pain treatment without

any alteration.

Randomization and allocation concealment

Patients randomization to the study group was performed by a specific computer program

(Qualtrics software) and was performed independently for each of the centres [33]. Permuted

block randomisation was done by GGD. Due to the characteristics of the experimental inter-

vention, patients were not blinded. Only the statistical analyses were performed in a blinded

way. Correspondence between the treatment and the patient number remained in a document

kept by the principal investigator at each centre. The anonymized database for analysis only

includes the patient number. This correspondence was communicated once data analysis was

completed.

Interventions

All participants (n = 70) continued with their own ongoing pain treatments. Data on the ongo-

ing pain treatment was not collected. The experimental intervention was Mindfulness-based

stress reduction program [34], but adapted to chronic back pain. It was a 30-hour program

divided into 9 sessions at a frequency of 2.5 hours per week. An intensive session of 7.5 hours

was performed between the sixth and seventh week. Pain coping skills training and sequential

body movements were included. The sessions included theoretical and practical contents, in

addition to detailed explanation of the exercises that patients needed to do at home. As
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homework, patients were instructed to follow a series of daily 45-min exercises which were

specifically tailored for back pain conditions. The MBSR program was the one proposed by the

Mindfulness Center of the University of Massachusetts [35], but the following modifications

were included to adapt it to patients with chronic back pain. The two sessions related to body

postures, originally proposed by Kabat-Zinn [34], were replaced by muscle relaxation and sim-

pler movements supervised by two specialists in physiotherapy. Supplementary file (S1 File)

describes in detail the exercises that had been implemented in this study. The purpose of this

modification was to avoid unnecessary risks for patients by performing postures that could be

a biomechanical challenge, to encourage mobility by starting from postures that would provide

greater control and safety and to facilitate the development of mindfulness in the interoception

of posture. Another modification in the MBSR program was the inclusion of psychoeduca-

tional contents on pain, the role of psychological distress in the development of pain and the

use of effective coping strategies, with a focus on tolerance and acceptance. Thus, the adapted

program paid more attention to the role of interoception and proprioception in the develop-

ment of mindfulness. The instructor (GGD) in both sites had 10 years of experience teaching

MBSR and was trained at the Center for Mindfulness at the University of Massachusetts Medi-

cal School. Patients were provided with an online platform where they had access to audio rec-

ords for the daily exercises of MBSR, the workbook and the instructor to solve doubts related

to the program. Questionnaires were administered every week to evaluate the adherence and

possible adverse effects of the MBSR program. Patients’ attendance to the 9 sessions was also

recorded.

Fig 1. Study flow chart.

https://doi.org/10.1371/journal.pone.0276734.g001
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Outcomes

Demographic, psychological and biological variables were included in the study. Demographic

and psychological variables were collected by means of an online questionnaire using Qualtrics

software. Blood samples were taken at baseline and after 8 weeks. The samples were stored in a

laboratory with offices in the two sites of the study and were analyzed on the same day to avoid

bias. Furthermore, the samples were collected between 9:00–10:30 am. Cortisol was measured

by chemiluminescent immunoassay (CLIA). The cytokines TNF-α, IL-1β, IL-6 y IL-17 were

measured by multiplex immunoassay based on highly sensitive Luminex technique. All the

biomechanical analysis was performed in an independent and accredited laboratory for clini-

cal analysis.

Demographic variables included sex, education level and age. The Primary variables were

stress reduction (measured by the variation of cortisol in the blood) and the variation of TNF-

α, IL-1β, IL-6 y IL-17 levels in blood. The sleep and breathing analysis were also included and

assessed; however, data are not included in this manuscript. Secondary outcomes were mind-

fulness, self-compassion, pain acceptance, disability, depression, anxiety, stress, well-being,

health-related quality of life and life satisfaction. These variables were assessed by the following

validated questionnaires:

Five Facets of Mindfulness Questionnaire—short form (FFMQ). This is a widely used mea-

sure of mindfulness that includes five factors: describing, acting with awareness, observing,

not judging inner experience, and not reacting to inner experience. In addition, the total score

is also used. The scale consists of 20 items rated on a 5-point Likert scale ranging from 1 to 5

[36].

Self-Compassion Scale-Short Form (SCS). This is a measure of compassion for oneself. It

measures the extent to which there is awareness of psychological distress and the degree of

kindness towards oneself. It originally includes three components: mindfulness, self-compas-

sion and common humanity [37]. The scale consists of 12 items rated on a 5-point Likert scale

that is 5-point Likert scale ranging from 1 to 5.

Pain Catastrophizing Scale (PCS). Instrument designed to assess the coping strategies used

by chronic pain patients [38]. The inventory includes 3 subscales that assess the following com-

ponents: Rumination, Magnification and Helplessness. The scale consists of 13 items scored

on a Likert scale from 1 to 5.

Chronic Pain Acceptance Questionnaire-Revised (CPAQ-R). It measures the acceptance of

chronic pain in its psychosocial dimension [39]. Acceptance of pain focuses on the perfor-

mance of meaningful activities and the achievement of important goals, rather than the use of

internal resources to end pain unsuccessfully. It has two subscales: Activity engagement (pur-

suit of life activities regardless of pain) and Pain willingness (recognition that avoidance and

control are often unworkable methods of adapting to chronic pain). Composed of 20 items,

7-point Likert scale.

Depression, Anxiety and Stress Scale—21 Items (DASS-21). A 21-item scale widely used to

measure symptoms of depression, anxiety and stress [40]. The questions are asked with a one-

week range. It uses a 4-point Likert scale with three subscales corresponding to symptoms of

stress, anxiety and depression.

Satisfaction with Life questionnaire (SWLS). Life satisfaction is the personal perception of

well-being or happiness; in other words, it is the valuation of one’s own life in relation to one’s

own goals, expectations or interests directly mediated by the cultural context in which one

lives [41]. The scale consists of five items and uses a Likert-type response format. Exploratory

factor analysis suggests that the scale is unidimensional.
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WHO-5 Well Being Index. The World Health Organization’s WHO-5 index is a 5-item,

6-point Likert scale questionnaire that measures subjective well-being [42].

Short Form-36 Health Survey (SF-36). It is a generic scale that provides a profile of health

status and is applicable to both patients and the general population [43]. The 36 items of the

instrument cover the following scales: Physical Function, Physical Role, Bodily Pain, General

Health, Vitality, Social Function, Emotional Role and Mental Health.

Pain and Sleep Questionnaire (PSQI). The 19 items of this test look at different determi-

nants of sleep quality [44]. Items analyze different determinants of sleep quality, grouped into

seven components: sleep quality, sleep latency, sleep duration, sleep efficiency, sleep distur-

bances, use of sleep medication and daytime dysfunction.

As a deviation from the original protocol, there were questionnaires (Pain Self-Efficacy

Questionnaire (PSEQ), Survey of Pain Attitudes—Brief (SOPA.B), Pain Coping Inventory

(PC), the Chronic Pain Grade Scale (CPGS;90) and Brief Pain Inventory (BPI)) were not

passed to the patients to reduce the overloaded on them. Furthermore, the main coping strat-

egy for chronic pain in MBSR-CBP is acceptance and detached attention to catastrophic

thoughts (assessed with the PCS and CPAQ-R questionnaires). Having the vitality subscale

provided by SF-36, the Brief Fatigue Inventory (BFI) was not passed. To measure stress, DASS

was used and the Perceived Stressed Scale (PSS) was omitted.

Statistical analysis

Sample size was calculated a priori using G power 3.1 [45]. Given a confidence level of 95%, a

margin of error of 5% and assuming a normal distribution centered on an increase in stress

reduction of 20–25% in the participants compared to the control group, a sample size of 96

participants is estimated. (48 per group with longitudinal measurements). To guarantee that

the MBSR protocol is followed properly, a number of no more than 25 participants per course

is advisable, subsequently, the experimental sample will be divided into two weekly groups of

24 subjects.

For the duration of the program, participants were asked not to change their clinical habits

or initiate new pharmacological or clinical treatments. If they did, the participant continued to

take part in the program, but he/she was not included in the analysis, to avoid interference

with the variables being tested. Python 3.8.5 was used for preprocessing the questionnaire data

and merging all the databases generated in the measurement procedure [33]. R version 4.0.1

(R Core Team, 2020) was used for the descriptive and comparative statistical analysis. A mixed

2 (Group) x 3 (Time) repeated-measures ANOVA was conducted to analyze changes in means

over time. The assumption of normality was checked with Shapiro-Wilk test. The impact of

outliers was checked for the analysis of each variable. Homogeneity of variance was checked

by Levene’s test and the homogeneity of covariances by Box’s M test. The Greenhouse-Geisser

sphericity correction was used for factors that violated the sphericity assumption. The mixed

ANOVA was conducted using the rstatix package [46]. For those variables that did not pass

the assumptions required for Mixed ANOVA, Robust ANOVA tests were used [47]. Specifi-

cally, for the normality analysis a double check was performed; Shapiro-Wilk normality test

and visual check with QQ plot. Likewise, for variables that do not meet the assumptions,

Dunn’s test for between-group comparisons and Wilcoxon test for within-group comparisons

were used. For the analysis of correlations of cortisol with psychological variables, the Pin-

gouin library in python and the skip function were used [48]. This function is a robust method

that avoids possible errors produced by outliers [49]. The function yielded Spearman correla-

tion coefficients after removing outliers. To explore the correlation between biological and

psychological variables, the database was filtered by the experimental group, the difference of
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the variables after the intervention and before the intervention was calculated. This method

captures the correlation of changes between variables. Statistical significance was set at

p< 0.05.

Results

Analyses of baseline differences between groups showed no significant differences in sex (χ2(1,

N = 70) = 0.34, p = 0.56), age (t(64) = 16, p = .11), education level (t(66) = 0 .07, p = 0.94) and

the RMQ disability score (t(61) = .49, p = .62) (Table 1). Supplementary file (S2 File) describes

in detail the variables that had been measures in this study.

Stress reduction

Regarding the blood levels of cortisol, there were no significant differences between the study

groups (F(1,59) = 2.81, p = 0.09). However, cortisol levels increased significantly in the control

group only (F(1,31) = 5.577, p = 0.05) (Table 1). Robust correlation analysis shows that cortisol

variations correlate significantly with SF-36 Pain (R(36) = -0.36, p = 0.037), with SF-36 Emo-

tional well-being (R(36) = -0.42, p = 0.01), with SCS Mindfulness (R(36) = -0.56, p = 0.0005)

and with SCS Self-Judgment (R(36) = -0.39, p = 0.027). Post-hoc analysis indicated that base-

line values of IL-1, IL-17, and TNF-α were significantly higher in the experimental group

(Table 1). These values remained higher (significant differences) in the experimental group

after the mindfulness-based stress reduction program for chronic back pain (MBSR-CBP) pro-

gram. Only in the experimental group, there was a statistically significant decrease in IL-1β
(F(1,29) = 5.36, p = 0.050) before and after treatment. IL-6 did not show significant differences

between the two study groups and over time.

Furthermore, the DASS-21 questionnaire was used to assess the negative mood in three

subscales: stress, anxiety, and depression (Table 1). The baseline state of the negative mood

state was similar between both groups. However, only patients in the experimental group

showed a significant improvement. While the state of negative mood was decreasing in the

experimental group, they were increasing in the control group (Table 1). Thus, the differences

between the two groups were statistically significant. Similar results were also found in the sub-

scales of stress (F(1,61) = 9.74, p = 0.003) and depression (F(1,61) = 5.74, p = 0.020). The anxi-

ety subscale showed only significant differences between the two groups at the end of the study

(F(1,65) = 14.63, p = 0.001).

Mindfulness and self-compassion

Overall, patients in the control group did not experience changes in relation to the variables of

mindfulness and self-compassion. However, patients in the experimental group showed statis-

tically significant changes in relation to these two variables (Table 1).

Specifically, the level of mindfulness in the experimental group was lower (except for the

subscales nonjudgment and description) than in the control group. The score of the "observa-

tion" subscale was significantly higher in the control group. ANOVA analysis showed a

statistical significance interaction between the time and group factors in the subscales of non-

reactivity (F(1,61) = 6.31, p = 0.015), nonjudgment (F(1,61) = 6.70, p = 0.012), observation

(F(1,61) = 11.23, p = 0.001) and the global FFMQ score (F(1,61) = 24.60, p< 0.0001). Post-hoc

analysis indicated that the MBSR-CBP program significantly improved mindfulness. Regard-

ing the between-group comparison, differences were statistically significant after MBSR-CBP

in the subscales of non-judgment and the global mindfulness score (Table 1). Regarding self-

compassion, ANOVA analysis showed a statistical significance interaction between the time

and group factors in the subscales of self-judgment (F(1,61) = 5.47, p = 0.023), isolation (F
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Table 1. The results of the assessment of blood biomarkers, sleep, disability, mindfulness and compassion, and psychological distress.

Experimental group

(Pre)

Experimental Group

(post)

Control Group (Pre) Control Group

(Post)

Mixed

ANOVA /

Mixed

Robust

ANOVA

within group

comparision

(experimental)

within group

comparision

(control)

count mean SD count mean SD count mean SD count mean SD p-value p-value p-value

Cortisol (μg/dL) 31 11.65 4.15 30 11.58 2.72 32 11.16 3.30 32 12.85 3.44 0.099 1.000 0.050

immunological

biomarkers

IL-1β (μg/L) 31 2.88 1.37 30 2.73 1.39 32 1.64 1.07 32 1.77 1.25 0.012 0.050 0.234

IL-6 (μg/L) 31 18.54 29.14 30 18.82 28.38 32 11.24 29.59 32 10.96 27.99 0.928 0.914 0.846

IL-17 (μg/L) 31 18.89 8.34 30 19.34 9.50 32 11.56 6.37 32 12.22 7.43 0.579 1.000 0.358

TNF-α (μg/L) 31 9.68 2.40 30 9.68 2.49 32 8.16 2.31 32 8.14 2.36 0.981 1.000 1.000

Sleep

PSQI Subjective

sleep quality

34 1.56 0.70 34 1.38 0.65 32 1.66 0.70 33 1.52 0.71 0.867 0.145 0.393

PSQI Sleep latency 34 1.47 1.08 34 1.29 0.94 32 1.94 0.91 33 1.94 0.90 0.570 0.162 0.685

PSQI Sleep

duration

34 1.85 0.89 34 1.47 1.05 32 1.69 1.00 33 1.73 0.98 0.122 0.020 0.488

PSQI Sleep

efficiency

34 1.26 1.08 34 1.15 1.21 32 1.28 1.25 33 1.15 1.15 0.974 0.309 0.684

PSQI Sleep

disturbance

34 1.68 0.64 34 1.56 0.61 32 1.75 0.51 33 1.82 0.64 0.360 0.393 0.565

PSQI Use of sleep

medication

34 0.88 1.34 34 1.00 1.37 32 1.38 1.31 33 1.58 1.32 0.834 0.952 0.174

PSQI Daytime

dysfunction

34 1.35 0.65 34 0.94 0.81 32 1.41 0.87 33 1.30 0.98 0.251 0.005 0.536

PSQI Global 34 10.06 3.98 34 8.79 4.16 32 11.09 4.09 33 11.03 4.21 0.039 0.050 1.000

Disability

RMQ 34 7.32 4.85 34 5.41 5.23 33 8.00 6.15 33 7.12 6.00 0.466 0.024 0.143

Mindfulness and

Compassion

FFMQ Aware

actions

34 11.29 3.60 34 12.97 2.93 33 12.58 2.49 33 12.45 2.80 0.020 0.021 0.836

FFMQ Non-

reactivity

34 11.26 2.53 34 12.53 2.96 33 11.82 1.89 33 11.79 2.00 0.015 0.004 1.000

FFMQ Non-

judgmental inner

experience

34 12.79 2.92 34 14.41 3.15 33 12.24 3.56 33 11.91 3.68 0.012 0.004 1.000

FFMQ Observation 34 12.21 2.25 34 14.47 2.56 33 14.18 2.24 33 14.06 3.06 0.001 0.001 1.000

FFMQ Description 34 12.24 1.42 34 12.26 1.60 33 12.00 2.00 33 11.39 1.90 0.191 1.000 0.210

FFMQ Global 34 59.79 6.56 34 66.65 8.33 33 62.82 7.54 33 61.61 7.43 0.000 0.000 0.554

SCS Self-Kindness 34 5.15 1.56 34 6.32 1.55 33 5.64 2.03 33 5.45 1.56 0.016 0.000 0.654

SCS Self-Judgment 34 5.85 1.64 34 7.12 1.93 33 5.24 2.21 33 5.18 1.72 0.023 0.006 1.000

SCS Common

humanity

34 6.06 1.59 34 6.06 2.28 33 5.55 1.95 33 6.00 1.90 0.426 0.587 0.053

SCS Isolation 34 5.68 1.95 34 7.41 2.18 33 5.88 1.90 33 5.76 1.85 0.000 0.000 0.749

SCS Mindfulness 34 5.97 1.78 34 6.94 1.61 33 6.33 1.93 33 6.03 1.49 0.000 0.000 0.354

SCS Over-

Identification

34 5.09 1.85 34 7.35 2.25 33 4.79 1.82 33 4.58 1.64 0.000 0.000 0.806

Psychologycal

Distress

DASS Depression 34 23.47 6.79 34 20.12 6.03 33 25.03 9.45 33 27.15 10.52 0.020 0.046 0.280

(Continued)
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(1,61) = 15.71, p<0.0001), mindfulness (F(1,61) = 16.08, p = 0.0002) and overidentification

(F(1,61) = 19.54, p<0.0001). Post-hoc analysis indicated that the MBSR-CBP program signifi-

cantly improved in the values of these subscales (within-group comparison). Thus, the differ-

ences between the two study groups after MBSR-CBP practice were statistically significant.

Sleep

Table 1 shows that the patients in the experimental group had better sleep quality as indicated

by the global PSQI score.

Patients approach toward pain

There is no significant interaction between groups and intervention in Pain Catastrophizing

Scale (PCS) probably because both groups had significant changes before and after the pro-

gram, as indicated by post-hoc analyses. Although the experimental group has significant

changes in PCS, they cannot be attributed to the program (Table 2). The baseline comparison

indicated the absence of statistically significant differences between groups. The overall CPAQ

score increased in the experimental group while it decreased in the control group (Table 2).

The differences were statistically significant in both groups at the end of the study, indicating

an improvement in pain acceptance in patients in the experimental group (F(1,60) = 4.82,

p = 0.032).

Pain score

Pain assessment was carried out using the SF-36-pain scale, a 6-level Likert scale with 2 ques-

tions, the first assessing pain intensity and the second assessing the extent to which pain has

interfered with daily activities. The results show significant differences in the combined time/

group effect (F(1,61) = 7.70, p = 0.007), with a statistically significant decrease in pain in the

experimental group (F(1,31) = 21.31, p = 0.0001) (Table 2).

Disability

Although the intergroup comparison indicated no significant differences in the RMQ score,

the within group analysis showed a significant reduction in the experimental group only

(Table 1). Subscales of the SF-36 (Table 2), patients in the experimental group showed statisti-

cally significant improvements in the combined time/group effect in physical functioning

(F(1,61) = 133.00, p = 0.024). However, the SF-36 subscale limitations due to physical health

Table 1. (Continued)

Experimental group

(Pre)

Experimental Group

(post)

Control Group (Pre) Control Group

(Post)

Mixed

ANOVA /

Mixed

Robust

ANOVA

within group

comparision

(experimental)

within group

comparision

(control)

count mean SD count mean SD count mean SD count mean SD p-value p-value p-value

DASS Anxiety 34 21.47 6.10 34 19.59 3.96 33 23.52 7.55 33 25.45 7.99 0.063 0.268 0.386

DASS Stress 34 30.88 7.36 34 26.29 8.36 33 29.27 8.56 33 32.30 6.73 0.003 0.038 0.166

DASS Global 34 75.82 17.69 34 66.00 15.04 33 77.82 22.88 33 84.91 21.52 0.020 0.014 0.104

SD: Standard Deviation; IL: Interleukin; TNF: Tumor necrosis factor; PSQI: Pain and Sleep Questionnaire; RMQ: Roland-Morris Low Back Pain And Disability

Questionnaire; FFMQ: Five Facets of Mindfulness Questionnaire; SCS: Self-Compassion scale; DASS: Depression, Anxiety and Stress Scale.

https://doi.org/10.1371/journal.pone.0276734.t001
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does show significant changes attributable to the interaction of both factors (F(1,61) = 4,77,

p = 0.033).

Well-being

The results show statistically significant changes in the combined time/group effect in WHO-5

(F(1,61) = 11.84, p = 0.001) and SWLS (F(1,61) = 6.95, p = 0.011). Furthermore, only in the

experimental group did both WHO-5 (F(1, 31) = 15.79, p = 0.0008), and SWLS (F(1,31) =

10.64, p = 0.006) improved over time (Table 2).

Table 2. The results of the assessment of general health, coping with pain and well-being.

Experimental group

(Pre)

Experimental Group

(post)

Control Group (Pre) Control Group

(Post)

Mixed

ANOVA /

Mixed Robust

ANOVA

within group

comparision

(experimental)

within group

comparision

(control)

count mean SD count mean SD count mean SD count mean SD p-value p-value p-value

General Healh 34 65.74 20.16

SF-36 Physical

functioning

34 49.08 26.88 34 69.85 23.82 33 66.67 21.20 33 67.27 23.75 0.474 0.002 0.794

SF-36 Role

limitations due to

physical health

34 70.83 22.21 34 65.63 24.44 33 55.11 28.96 33 57.39 31.03 0.033 0.000 0.552

SF-36 Role

limitations due to

emotional

problems

34 35.93 16.26 34 79.90 20.22 33 75.76 23.97 33 77.78 22.02 0.270 0.018 0.393

SF-36 Energy/

fatigue

34 54.67 13.71 34 47.50 14.57 33 37.22 19.39 33 38.89 16.95 0.007 0.000 0.920

SF-36 Emotional

well-being

34 58.46 25.32 34 62.02 14.93 33 50.08 17.32 33 50.04 15.40 0.137 0.062 1.000

SF-36 Social

functioning

34 44.85 18.15 34 78.31 21.61 33 62.50 28.64 33 64.02 28.43 0.005 0.000 0.596

SF-36 Pain 34 47.06 15.91 34 56.40 22.34 33 43.26 25.77 33 43.94 26.21 0.007 0.000 1.000

SF-36 General

health

34 51.91 15.42 33 45.45 23.33 33 46.67 21.42 0.106 0.134 1.000

Coping with pain 34 28.88 6.08

PCS Rumination 34 7.29 2.56 34 9.44 4.02 33 10.97 4.07 33 10.15 4.24 0.415 0.204 0.342

PCS

Magnification

34 14.03 5.06 34 5.85 2.38 33 7.09 2.52 33 6.36 2.40 0.333 0.002 0.102

PCS Helplessness 34 32.38 11.26 34 10.97 4.52 33 14.55 5.37 33 13.12 5.55 0.244 0.001 0.066

PCS Global 34 41.94 9.56 34 26.26 10.03 33 32.61 10.14 33 29.64 11.13 0.291 0.002 0.044

CPAQ Activity

Engagement

34 39.29 6.16 34 47.32 8.81 32 42.22 12.16 33 42.24 12.01 0.047 0.014 1.000

CPAQ

Willingness to

Pain

34 81.24 10.27 34 38.09 6.45 32 40.16 8.49 33 36.64 7.71 0.219 0.702 0.038

CPAQ Global 34 85.41 10.19 32 82.38 14.94 33 78.88 12.70 0.032 0.114 0.440

Well-being 34 19.97 5.54

SWLS 34 11.56 4.26 34 22.24 4.94 33 20.61 7.13 33 20.39 7.35 0.011 0.006 1.000

WHO-5 34 14.82 4.65 33 10.70 5.17 33 10.58 4.95 0.001 0.001 1.000

SD: Standard Deviation; SF-36: Short Form-36 Health Survey; PCS: Pain Catastrophizing Scale; CPAQ: Chronic Pain Acceptance Questionnaire; SWLS: Satisfaction

with Life questionnaire; WHO: World Health Organization.

https://doi.org/10.1371/journal.pone.0276734.t002
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Overall subjective health

In addition to the SF-36 subscales described in previous sections, SF-36 showed significant

changes in the combined time/group effect on other subscales of interest to the study sample

(Table 2). These subscales were energy/fatigue (F(1,61) = (1,61 = 7.65, p = 0.007), and social

functioning (F(1,61) = 8.36, p = 0.005). Post-hoc analysis showed that patients in the experi-

mental group had improvement in these subscales over time: energy/fatigue (F(1,31) = 28.41,

p<0.0001) and Social Functioning (F(1,61) = 287.00, p< 0.0001).

Discussion

The effect of the MBSR program has not been statistically significant on the blood cortisol

level. This could be attributed to the fact that all the patients in this study had the blood cortisol

within the normal reference values (6–23 μg/dl) [50]. Nevertheless, MBSR has slowed down

the increase in blood levels of cortisol (a measure of stress), considering its increase in patients

in the control group. MBSR-CBP has significantly reduced blood levels of IL-1β. IL-1β is a

proinflammatory and pronociceptive cytokine [51]. It has been reported to be involved in neu-

rodegeneration, chronic inflammation, and chronic pain [52], but no evidence has been found

for its association with chronic back pain [51]. However, the meta-analysis by Ng et al. showed

that older people with depression had significantly higher peripheral IL-1β levels than people

in the control group and along the same lines [53]. Ellul et al. concluded that IL-1β is a reliable

biomarker for major depressive disorder [54]. The IL-1β level changes could be due to the

effect of the program on depressive symptoms. Depression has been linked to a high accumu-

lation of IL-1β [55–57]. In a study with a murine model, peripheral nerve injuries caused in

mice increased the expression of proinflammatory cytokines, which in turn contributed to the

development of depressive-like behaviors in the mice. Also, stress-induced in mice for two

weeks promoted the occurrence of depressive-like behavior after nerve injury by promoting

IL-1β expression [58]. Proinflammatory cytokines (IL-1β, IL-6 and TNF-α) may be screening

biomarkers in the prediction of treatment response in patients with depression [56]. In addi-

tion, the relationship between back pain and depressive symptoms has also been reported by

[59]. Overall, the Intervention seems to have a psychological effect by decreasing the symp-

toms of psychological distress and this could have been a cause of the decrease in IL-1β in

the experimental group. Long-term follow-up is needed to find out the relationship between

MBSR, cortisol, and inflammatory cytokines.

Direct measures related to mindfulness have significantly improved in patients in the exper-

imental group thus suggesting that mindfulness training has had the expected effect. Patients

reported an increase in mindfulness (FFMQ) and self-compassion (SF-SCS).

According to the review by Haldeman et al. (2012), there is no clear understanding of the

origin of chronic back pain in 98% of patients [60]. Moreover, current prevention and treat-

ment methods are open to improvement [61–63]. There is evidence that factors such as high-

stress levels, depressed mood, and anxiety are strong predictors of back pain [62, 64, 65]. The

recommendations for the treatment of non-specific chronic back pain are based on a biopsy-

chosocial approach promoting the patients’ ability to resume their activities, social interac-

tions, and physical exercise, and it is useful to include psychological treatment for people with

persistent symptoms [62, 66]. Research suggests that the highest ratios of reported perceived

pain are related to emotional stress [66]. Even the use of opiates (remifentanil) can be blocked

by negative patient expectations and be 200% more effective if the patient’s expectations are

positive [67]. The effects of a positive expectation were associated with activity in the endoge-

nous pain modulation system and the negative effects of expectation with activity in the hippo-

campus, results that make us consider that part of the solution to the great problem we are
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dealing with is the inclusion of a multidisciplinary approach to the patient with chronic back

pain. Increased pain management strategies, increasing acceptance of pain, may be the cause

of a greater disposition to be involved in daily activities and the encouragement of physical

exercise. The results suggest that the intervention could help patients to improve their pain

acceptance (CPAQ). The patients in the study had no experience with mindfulness-based

practices, a condition we used to evaluate the potential application of mindfulness-based pro-

grams to real clinical settings, where very few people would likely have practiced mindfulness.

The design was also intended to avoid possible contaminating effects on motivation and

adherence. The results show that the program could be used to promote activity (SF-36 physi-

cal functioning, role limitations due to physical health), or to increase social interactions (SF-

36 social functioning). According to the review by Maher et al. [68], physical exercise, has high

evidence as a treatment within non-pharmacological therapies. It is common to advise the

patient to practice physical exercise or lead an active life. However, catastrophizing, rumina-

tion, or symptomatology of stress, depression, or anxiety could be factors that curb healthy

behaviors and thus prolong the patient’s symptomatology. It is necessary to design techniques

to increase pain tolerance and psychological distress. MBSR-CBP could be a possible option

not only because of its effect, but also because of its potential for adaptability, as it can be

applied in large groups, or even in an online format [69]. In this regard, Herman et al. have

found that MBSR has been cost saving when compared with usual care alone for chronic lower

back pain [23]. The MBSR-CBP of the current study has included psychoeducational contents

on pain, the role of psychological distress in the development of pain and the use of effective

coping strategies, with a focus on tolerance and acceptance. Ashar et al. have shown that pain

reprocessing therapy has been effective in producing substantial and durable pain relief [70].

The focus of this therapy has been the reconceptualization of pain as related to nondangerous

brain activity rather than injury in the peripheral tissue. Possible mechanisms could be related

on one hand to less response to low back pain in the anterior midcingulate, the anterior pre-

frontal cortex, and the anterior insula for PRT vs usual care [70]. In the other hand, it could be

related to increase resting connectivity between the primary somatosensory cortex, and the

anterior prefrontal cortex and the anterior insula. Furthermore, an increase in the connectivity

between the precuneus and the anterior midcingulate [70].

Taking RCTs from the report on noninvasive treatments for chronic pain by Skelly et al.

[71], there are two previous papers like the present study using MBSR for the treatment of

chronic back pain. Morone et al. demonstrated that MBSR, in conjunction with an active

healthy aging program, was effective in reducing self-reported pain disability at post-treatment

[20]. These pain-related benefits were not maintained at the 6-month follow-up evaluation.

However, Cherkin et al. demonstrated that MBSR reduced functional limitations due to pain

among participants with chronic back pain at 4- and 13-month follow-up compared to the

standard treatment [22]. Clinically significant improvement in pain management was achieved

in 61% of patients compared to 44% of the usual treatment for back pain. In both protocols,

no substantial changes were specified concerning the original MBSR. The present study has a

smaller sample size, but we have included a measure of cortisol, IL-1β, IL-6, IL-17, and TNF-α
exploring a possible biological mechanism that could explain the decrease in depressive symp-

tomatology by decreasing IL-1β. It has been observed that an improvement in sleep quality

that is part of an overall improvement in mental health (decreased stress and depression) and

an increase in well-being and life satisfaction. Like the studies by Cherkin et al. and Morone

et al. [20, 22], we have observed statistically significant changes in disability and perceived

pain scales. Morone et al. have shown that MBSR has produced a significant improvement

in the CPAQ, Activities Engagement subscale and SF-36 Physical Function with 3 months

of follow-up [21]. Cherkin et al. have shown that MBSR has achieved a clinically significant
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improvement in the RDQ (60.5% for the MBSR group vs. 44.1% for the usual care group) and

in pain bothersomeness (43.6% for the MBSR group vs. 26.6% in the usual care group) [22].

The effects of the MBSR have been durable with little changes over 13 months. However, Mor-

one et al. have found that the effects of mind-body program for chronic low back pain have

improved short-term function and long-term current and most severe pain [20]. But the func-

tional improvement has not been durable (follow-up time has been 6 months). Worth to men-

tion, the study by Morone et al. has recruited older patients (� 65 years).

The study did not include post-treatment measures, which is a limitation of the present

study. Although patients and clinician were not blinded to the assigned group. The statistical

analysis was performed blindly. Although the measurement of the allostatic load has not been

included, the study has assessed the negative affective states in patients with low back pain and

degenerative disk disease. Data on the usual therapy has not been collected and differences

between patients/centre could not be excluded. However, all participants have been asked not

to change their clinical habits or initiate new pharmacological or clinical treatments. Since

there has been no active control group, benefits cannot be attributed specifically to mindful-

ness practice. Benefits may be compounded by factors like group support, teacher support,

expectations and attention received. In addition, a mindfulness-based program is composed of

many elements, apart from the practice itself, like pain pedagogy, lifestyle pedagogy and its

impact on health, and body and stretching practices. Specific designs are needed to dismantle

the contributing factors. The sample size is not large enough to generalize the results, yet the

statistics are sufficiently robust to show an appreciable trend of improvement in the experi-

mental group. Experimental designs with a larger sample size are needed to generalize the

results.

Conclusions

MBSR-CBP could remediate the negative impact of chronic low back pain on the inflamma-

tory, psychological and functional domains. Patients who performed the program showed

decrease in depression, stress, perceived pain, disability, and limitations related to health. It

also increased the physical function, sleep quality, life satisfaction, well-being and vitality. In

the coping with pain domain, the MBSR-CBR increased pain acceptance, self-compassion

and significantly reduced the overidentification, kinesiophobia and catastrophization. It also

decreased the blood level of IL-1β.

Supporting information

S1 File. Supplementary file describes in detail the exercises that had been implemented in

this study.

(PDF)

S2 File. Supplementary file describes in detail the variables that had been measures in this

study.

(XLSX)

S3 File.

(PDF)

S4 File.

(PDF)

S5 File.

(PDF)

PLOS ONE Mindfulness and low back pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0276734 November 9, 2022 14 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276734.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276734.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276734.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276734.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276734.s005
https://doi.org/10.1371/journal.pone.0276734


S1 Checklist.

(PDF)

Acknowledgments

Dr. Diez, Dr. Castellanos, Dr. Vázquez and Dr. Galindo-Villardón have nothing to disclose.

Dr. Alkhraisat and Dr. Anitua report personal fees from BTI Biotechnology Institute, outside

the submitted work.

Author Contributions

Conceptualization: Gustavo G. Diez, Eduardo Anitua, Nazareth Castellanos.

Data curation: Gustavo G. Diez.

Formal analysis: Gustavo G. Diez, Nazareth Castellanos, Mohammad H. Alkhraisat.

Investigation: Gustavo G. Diez, Eduardo Anitua.

Methodology: Gustavo G. Diez, Eduardo Anitua, Nazareth Castellanos, Carmelo Vázquez,

Purificación Galindo-Villardón.

Supervision: Gustavo G. Diez, Eduardo Anitua.

Validation: Gustavo G. Diez.

Visualization: Carmelo Vázquez, Purificación Galindo-Villardón.

Writing – original draft: Gustavo G. Diez, Mohammad H. Alkhraisat.

Writing – review & editing: Gustavo G. Diez, Eduardo Anitua, Nazareth Castellanos, Carmelo

Vázquez, Purificación Galindo-Villardón, Mohammad H. Alkhraisat.

References
1. Lee H, Hubscher M, Moseley GL, Kamper SJ, Traeger AC, Mansell G, et al. How does pain lead to dis-

ability? A systematic review and meta-analysis of mediation studies in people with back and neck pain.

Pain. 2015; 156(6):988–97. https://doi.org/10.1097/j.pain.0000000000000146 PMID: 25760473.

2. DALYs GBD, Collaborators H. Global, regional, and national disability-adjusted life-years (DALYs) for

333 diseases and injuries and healthy life expectancy (HALE) for 195 countries and territories, 1990–

2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet. 2017; 390

(10100):1260–344. https://doi.org/10.1016/S0140-6736(17)32130-X PMID: 28919118.

3. Disease GBD, Injury I, Prevalence C. Global, regional, and national incidence, prevalence, and years

lived with disability for 328 diseases and injuries for 195 countries, 1990–2016: a systematic analysis

for the Global Burden of Disease Study 2016. Lancet. 2017; 390(10100):1211–59. https://doi.org/10.

1016/S0140-6736(17)32154-2 PMID: 28919117.

4. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S, et al. What low back pain is

and why we need to pay attention. Lancet. 2018; 391(10137):2356–67. https://doi.org/10.1016/S0140-

6736(18)30480-X PMID: 29573870

5. Hoy DG, Protani M, De R, Buchbinder R. The epidemiology of neck pain. Best Pract Res Clin Rheuma-

tol. 2010; 24(6):783–92. https://doi.org/10.1016/j.berh.2011.01.019 PMID: 21665126.

6. listed Na. Classification of chronic pain. Descriptions of chronic pain syndromes and definitions of pain

terms. Prepared by the International Association for the Study of Pain, Subcommittee on Taxonomy.

Pain Suppl. 1986; 3:S1–226. PMID: 3461421.

7. Denk F, McMahon SB, Tracey I. Pain vulnerability: a neurobiological perspective. Nat Neurosci. 2014;

17(2):192–200. https://doi.org/10.1038/nn.3628 PMID: 24473267

8. van Hecke O, Torrance N, Smith BH. Chronic pain epidemiology and its clinical relevance. Br J

Anaesth. 2013; 111(1):13–8. https://doi.org/10.1093/bja/aet123 PMID: 23794640

9. Bardin LD, King P, Maher CG. Diagnostic triage for low back pain: a practical approach for primary

care. Med J Aust. 2017; 206(6):268–73. https://doi.org/10.5694/mja16.00828 PMID: 28359011

PLOS ONE Mindfulness and low back pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0276734 November 9, 2022 15 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276734.s006
https://doi.org/10.1097/j.pain.0000000000000146
http://www.ncbi.nlm.nih.gov/pubmed/25760473
https://doi.org/10.1016/S0140-6736%2817%2932130-X
http://www.ncbi.nlm.nih.gov/pubmed/28919118
https://doi.org/10.1016/S0140-6736%2817%2932154-2
https://doi.org/10.1016/S0140-6736%2817%2932154-2
http://www.ncbi.nlm.nih.gov/pubmed/28919117
https://doi.org/10.1016/S0140-6736%2818%2930480-X
https://doi.org/10.1016/S0140-6736%2818%2930480-X
http://www.ncbi.nlm.nih.gov/pubmed/29573870
https://doi.org/10.1016/j.berh.2011.01.019
http://www.ncbi.nlm.nih.gov/pubmed/21665126
http://www.ncbi.nlm.nih.gov/pubmed/3461421
https://doi.org/10.1038/nn.3628
http://www.ncbi.nlm.nih.gov/pubmed/24473267
https://doi.org/10.1093/bja/aet123
http://www.ncbi.nlm.nih.gov/pubmed/23794640
https://doi.org/10.5694/mja16.00828
http://www.ncbi.nlm.nih.gov/pubmed/28359011
https://doi.org/10.1371/journal.pone.0276734


10. Bushnell MC, Ceko M, Low LA. Cognitive and emotional control of pain and its disruption in chronic

pain. Nat Rev Neurosci. 2013; 14(7):502–11. https://doi.org/10.1038/nrn3516 PMID: 23719569.

11. Von Korff M, Scher AI, Helmick C, Carter-Pokras O, Dodick DW, Goulet J, et al. United States National

Pain Strategy for Population Research: Concepts, Definitions, and Pilot Data. J Pain. 2016; 17

(10):1068–80. https://doi.org/10.1016/j.jpain.2016.06.009 PMID: 27377620.

12. Pitcher MH, Von Korff M, Bushnell MC, Porter L. Prevalence and Profile of High-Impact Chronic Pain in

the United States. J Pain. 2019; 20(2):146–60. https://doi.org/10.1016/j.jpain.2018.07.006 PMID:

30096445.

13. Dieleman JL, Baral R, Birger M, Bui AL, Bulchis A, Chapin A, et al. US Spending on Personal Health

Care and Public Health, 1996–2013. JAMA. 2016; 316(24):2627–46. https://doi.org/10.1001/jama.

2016.16885 PMID: 28027366.

14. Ravindra VM, Senglaub SS, Rattani A, Dewan MC, Hartl R, Bisson E, et al. Degenerative Lumbar

Spine Disease: Estimating Global Incidence and Worldwide Volume. Global Spine J. 2018; 8(8):784–

94. https://doi.org/10.1177/2192568218770769 PMID: 30560029.

15. Zigler J, Ferko N, Cameron C, Patel L. Comparison of therapies in lumbar degenerative disc disease: a

network meta-analysis of randomized controlled trials. J Comp Eff Res. 2018; 7(3):233–46. https://doi.

org/10.2217/cer-2017-0047 PMID: 29542364.

16. Brox JI, Sorensen R, Friis A, Nygaard O, Indahl A, Keller A, et al. Randomized clinical trial of lumbar

instrumented fusion and cognitive intervention and exercises in patients with chronic low back pain and

disc degeneration. Spine (Phila Pa 1976). 2003; 28(17):1913–21. https://doi.org/10.1097/01.BRS.

0000083234.62751.7A PMID: 12973134.

17. Yuksel A, Cetinkaya F, Karakoyun A. The effect of mindfulness-based therapy on psychiatric symp-

toms, psychological well-being, and pain beliefs in patients with lumbar disk herniation. Perspect Psy-

chiatr Care. 2021; 57(1):335–42. https://doi.org/10.1111/ppc.12568 PMID: 32596823.

18. Chavez JL, Porucznik CA, Gren LH, Guan J, Joyce E, Brodke DS, et al. The Impact of Preoperative

Mindfulness-Based Stress Reduction on Postoperative Outcomes in Lumbar Spine Degenerative Dis-

ease: 3-Month and 12-Month Results of a Pilot Study. World Neurosurg. 2020; 139:e230–e6. https://

doi.org/10.1016/j.wneu.2020.03.186 PMID: 32278820.

19. Kabat-Zinn J. An outpatient program in behavioral medicine for chronic pain patients based on the prac-

tice of mindfulness meditation: theoretical considerations and preliminary results. Gen Hosp Psychiatry.

1982; 4(1):33–47. https://doi.org/10.1016/0163-8343(82)90026-3 PMID: 7042457.

20. Morone NE, Greco CM, Moore CG, Rollman BL, Lane B, Morrow LA, et al. A Mind-Body Program for

Older Adults With Chronic Low Back Pain: A Randomized Clinical Trial. JAMA Intern Med. 2016; 176

(3):329–37. https://doi.org/10.1001/jamainternmed.2015.8033 PMID: 26903081

21. Morone NE, Greco CM, Weiner DK. Mindfulness meditation for the treatment of chronic low back pain

in older adults: a randomized controlled pilot study. Pain. 2008; 134(3):310–9. https://doi.org/10.1016/j.

pain.2007.04.038 PMID: 17544212.

22. Cherkin DC, Sherman KJ, Balderson BH, Cook AJ, Anderson ML, Hawkes RJ, et al. Effect of Mindful-

ness-Based Stress Reduction vs Cognitive Behavioral Therapy or Usual Care on Back Pain and Func-

tional Limitations in Adults With Chronic Low Back Pain: A Randomized Clinical Trial. JAMA. 2016; 315

(12):1240–9. https://doi.org/10.1001/jama.2016.2323 PMID: 27002445

23. Herman PM, Anderson ML, Sherman KJ, Balderson BH, Turner JA, Cherkin DC. Cost-effectiveness of

Mindfulness-based Stress Reduction Versus Cognitive Behavioral Therapy or Usual Care Among

Adults With Chronic Low Back Pain. Spine. 2017; 42(20):1511–20. https://doi.org/10.1097/BRS.

0000000000002344 PMID: 28742756

24. Goyal M, Singh S, Sibinga EM, Gould NF, Rowland-Seymour A, Sharma R, et al. Meditation programs

for psychological stress and well-being: a systematic review and meta-analysis. JAMA Intern Med.

2014; 174(3):357–68. https://doi.org/10.1001/jamainternmed.2013.13018 PMID: 24395196.

25. Jain S, Shapiro SL, Swanick S, Roesch SC, Mills PJ, Bell I, et al. A randomized controlled trial of mind-

fulness meditation versus relaxation training: effects on distress, positive states of mind, rumination,

and distraction. Ann Behav Med. 2007; 33(1):11–21. https://doi.org/10.1207/s15324796abm3301_2

PMID: 17291166.

26. Sibinga EM, Perry-Parrish C, Chung SE, Johnson SB, Smith M, Ellen JM. School-based mindfulness

instruction for urban male youth: a small randomized controlled trial. Prev Med. 2013; 57(6):799–801.

https://doi.org/10.1016/j.ypmed.2013.08.027 PMID: 24029559.

27. Burns JW, Jensen MP, Thorn B, Lillis TA, Carmody J, Newman AK, et al. Cognitive therapy, mindful-

ness-based stress reduction, and behavior therapy for the treatment of chronic pain: randomized con-

trolled trial. Pain. 2022; 163(2):376–89. https://doi.org/10.1097/j.pain.0000000000002357 PMID:

34074945.

PLOS ONE Mindfulness and low back pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0276734 November 9, 2022 16 / 19

https://doi.org/10.1038/nrn3516
http://www.ncbi.nlm.nih.gov/pubmed/23719569
https://doi.org/10.1016/j.jpain.2016.06.009
http://www.ncbi.nlm.nih.gov/pubmed/27377620
https://doi.org/10.1016/j.jpain.2018.07.006
http://www.ncbi.nlm.nih.gov/pubmed/30096445
https://doi.org/10.1001/jama.2016.16885
https://doi.org/10.1001/jama.2016.16885
http://www.ncbi.nlm.nih.gov/pubmed/28027366
https://doi.org/10.1177/2192568218770769
http://www.ncbi.nlm.nih.gov/pubmed/30560029
https://doi.org/10.2217/cer-2017-0047
https://doi.org/10.2217/cer-2017-0047
http://www.ncbi.nlm.nih.gov/pubmed/29542364
https://doi.org/10.1097/01.BRS.0000083234.62751.7A
https://doi.org/10.1097/01.BRS.0000083234.62751.7A
http://www.ncbi.nlm.nih.gov/pubmed/12973134
https://doi.org/10.1111/ppc.12568
http://www.ncbi.nlm.nih.gov/pubmed/32596823
https://doi.org/10.1016/j.wneu.2020.03.186
https://doi.org/10.1016/j.wneu.2020.03.186
http://www.ncbi.nlm.nih.gov/pubmed/32278820
https://doi.org/10.1016/0163-8343%2882%2990026-3
http://www.ncbi.nlm.nih.gov/pubmed/7042457
https://doi.org/10.1001/jamainternmed.2015.8033
http://www.ncbi.nlm.nih.gov/pubmed/26903081
https://doi.org/10.1016/j.pain.2007.04.038
https://doi.org/10.1016/j.pain.2007.04.038
http://www.ncbi.nlm.nih.gov/pubmed/17544212
https://doi.org/10.1001/jama.2016.2323
http://www.ncbi.nlm.nih.gov/pubmed/27002445
https://doi.org/10.1097/BRS.0000000000002344
https://doi.org/10.1097/BRS.0000000000002344
http://www.ncbi.nlm.nih.gov/pubmed/28742756
https://doi.org/10.1001/jamainternmed.2013.13018
http://www.ncbi.nlm.nih.gov/pubmed/24395196
https://doi.org/10.1207/s15324796abm3301%5F2
http://www.ncbi.nlm.nih.gov/pubmed/17291166
https://doi.org/10.1016/j.ypmed.2013.08.027
http://www.ncbi.nlm.nih.gov/pubmed/24029559
https://doi.org/10.1097/j.pain.0000000000002357
http://www.ncbi.nlm.nih.gov/pubmed/34074945
https://doi.org/10.1371/journal.pone.0276734


28. Schutte NS, Malouff JM. A meta-analytic review of the effects of mindfulness meditation on telomerase

activity. Psychoneuroendocrinology. 2014; 42:45–8. https://doi.org/10.1016/j.psyneuen.2013.12.017

PMID: 24636500.

29. Shao R, Keuper K, Geng X, Lee TM. Pons to Posterior Cingulate Functional Projections Predict Affec-

tive Processing Changes in the Elderly Following Eight Weeks of Meditation Training. EBioMedicine.

2016; 10:236–48. https://doi.org/10.1016/j.ebiom.2016.06.018 PMID: 27349456.

30. Black DS, Slavich GM. Mindfulness meditation and the immune system: a systematic review of random-

ized controlled trials. Ann N Y Acad Sci. 2016; 1373(1):13–24. https://doi.org/10.1111/nyas.12998

PMID: 26799456.

31. Carlson LE, Speca M, Faris P, Patel KD. One year pre-post intervention follow-up of psychological,

immune, endocrine and blood pressure outcomes of mindfulness-based stress reduction (MBSR) in

breast and prostate cancer outpatients. Brain Behav Immun. 2007; 21(8):1038–49. https://doi.org/10.

1016/j.bbi.2007.04.002 PMID: 17521871.

32. Creswell JD. Mindfulness Interventions. Annu Rev Psychol. 2017; 68:491–516. https://doi.org/10.1146/

annurev-psych-042716-051139 PMID: 27687118.

33. Van Rossum G, Drake Jr FL. Python tutorial: Centrum voor Wiskunde en Informatica Amsterdam; 1995.

34. Kabat-Zinn J. Full Catastrophe Living, Revised Edition: How to cope with stress, pain and illness using

mindfulness meditation: Little, Brown Book Group; 2013.

35. Santorelli SF, Kabat-Zinn J, Blacker M, Meleo-Meyer F, Koerbel L. Mindfulness-based stress reduction

(MBSR) authorized curriculum guide. Center for Mindfulness in Medicine, Health Care, and Society

(CFM) University of Massachusetts Medical School. 2017.

36. Baer RA, Smith GT, Hopkins J, Krietemeyer J, Toney L. Using self-report assessment methods to

explore facets of mindfulness. Assessment. 2006; 13(1):27–45. https://doi.org/10.1177/

1073191105283504 PMID: 16443717

37. Raes F, Pommier E, Neff KD, Van Gucht D. Construction and factorial validation of a short form of the

Self-Compassion Scale. Clin Psychol Psychother. 2011; 18(3):250–5. https://doi.org/10.1002/cpp.702

PMID: 21584907.

38. Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development and validation. Psycho-

logical assessment. 1995; 7(4):524.

39. McCracken LM, Vowles KE, Eccleston C. Acceptance of chronic pain: component analysis and a

revised assessment method. Pain. 2004; 107(1–2):159–66. https://doi.org/10.1016/j.pain.2003.10.012

PMID: 14715402

40. Lovibond PF, Lovibond SH. The structure of negative emotional states: comparison of the Depression

Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories. Behav Res Ther.

1995; 33(3):335–43. https://doi.org/10.1016/0005-7967(94)00075-u PMID: 7726811.

41. Diener E, Emmons RA, Larsen RJ, Griffin S. The Satisfaction With Life Scale. J Pers Assess. 1985; 49

(1):71–5. https://doi.org/10.1207/s15327752jpa4901_13 PMID: 16367493

42. Organization WH. Wellbeing measures in primary health care/the DepCare Project: report on a WHO

meeting: Stockholm, Sweden, 12–13 February 1998. World Health Organization. Regional Office for

Europe, 1998.

43. Ware JE Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual frame-

work and item selection. Med Care. 1992; 30(6):473–83. PMID: 1593914.

44. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a

new instrument for psychiatric practice and research. Psychiatry Res. 1989; 28(2):193–213. https://doi.

org/10.1016/0165-1781(89)90047-4 PMID: 2748771.

45. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power 3.1: tests for corre-

lation and regression analyses. Behav Res Methods. 2009; 41(4):1149–60. https://doi.org/10.3758/

BRM.41.4.1149 PMID: 19897823.

46. Kassambara A. Rstatix: pipe-friendly framework for basic statistical tests. R package version 06 0.

2020.

47. Mair P, Wilcox R. Robust statistical methods in R using the WRS2 package. Behav Res Methods. 2020;

52(2):464–88. https://doi.org/10.3758/s13428-019-01246-w PMID: 31152384.

48. Vallat R. Pingouin: statistics in Python. Journal of Open Source Software. 2018; 3(31):1026.

49. Rousselet GA, Pernet CR. Improving standards in brain-behavior correlation analyses. Front Hum Neu-

rosci. 2012; 6:119. https://doi.org/10.3389/fnhum.2012.00119 PMID: 22563313

50. Costache A, Riza AL, Ioana M, Glavan DG, Dinca ME, Vladu IM, et al. Circulating Cortisol in a Cohort of

Depressive Patients. Curr Health Sci J. 2020; 46(1):11–5. https://doi.org/10.12865/CHSJ.46.01.02

PMID: 32637160.

PLOS ONE Mindfulness and low back pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0276734 November 9, 2022 17 / 19

https://doi.org/10.1016/j.psyneuen.2013.12.017
http://www.ncbi.nlm.nih.gov/pubmed/24636500
https://doi.org/10.1016/j.ebiom.2016.06.018
http://www.ncbi.nlm.nih.gov/pubmed/27349456
https://doi.org/10.1111/nyas.12998
http://www.ncbi.nlm.nih.gov/pubmed/26799456
https://doi.org/10.1016/j.bbi.2007.04.002
https://doi.org/10.1016/j.bbi.2007.04.002
http://www.ncbi.nlm.nih.gov/pubmed/17521871
https://doi.org/10.1146/annurev-psych-042716-051139
https://doi.org/10.1146/annurev-psych-042716-051139
http://www.ncbi.nlm.nih.gov/pubmed/27687118
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1177/1073191105283504
http://www.ncbi.nlm.nih.gov/pubmed/16443717
https://doi.org/10.1002/cpp.702
http://www.ncbi.nlm.nih.gov/pubmed/21584907
https://doi.org/10.1016/j.pain.2003.10.012
http://www.ncbi.nlm.nih.gov/pubmed/14715402
https://doi.org/10.1016/0005-7967%2894%2900075-u
http://www.ncbi.nlm.nih.gov/pubmed/7726811
https://doi.org/10.1207/s15327752jpa4901%5F13
http://www.ncbi.nlm.nih.gov/pubmed/16367493
http://www.ncbi.nlm.nih.gov/pubmed/1593914
https://doi.org/10.1016/0165-1781%2889%2990047-4
https://doi.org/10.1016/0165-1781%2889%2990047-4
http://www.ncbi.nlm.nih.gov/pubmed/2748771
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
https://doi.org/10.3758/s13428-019-01246-w
http://www.ncbi.nlm.nih.gov/pubmed/31152384
https://doi.org/10.3389/fnhum.2012.00119
http://www.ncbi.nlm.nih.gov/pubmed/22563313
https://doi.org/10.12865/CHSJ.46.01.02
http://www.ncbi.nlm.nih.gov/pubmed/32637160
https://doi.org/10.1371/journal.pone.0276734


51. Morris P, Ali K, Merritt M, Pelletier J, Macedo LG. A systematic review of the role of inflammatory bio-

markers in acute, subacute and chronic non-specific low back pain. BMC Musculoskelet Disord. 2020;

21(1):142. https://doi.org/10.1186/s12891-020-3154-3 PMID: 32126991

52. Heffner KL, France CR, Trost Z, Ng HM, Pigeon WR. Chronic low back pain, sleep disturbance, and

interleukin-6. Clin J Pain. 2011; 27(1):35–41. https://doi.org/10.1097/ajp.0b013e3181eef761 PMID:

21188850

53. Ng A, Tam WW, Zhang MW, Ho CS, Husain SF, McIntyre RS, et al. IL-1β, IL-6, TNF- α and CRP in

Elderly Patients with Depression or Alzheimer’s disease: Systematic Review and Meta-Analysis. Sci

Rep. 2018; 8(1):12050. https://doi.org/10.1038/s41598-018-30487-6 PMID: 30104698

54. Ellul P, Boyer L, Groc L, Leboyer M, Fond G. Interleukin-1 β-targeted treatment strategies in inflamma-

tory depression: toward personalized care. Acta Psychiatr Scand. 2016; 134(6):469–84. https://doi.org/

10.1111/acps.12656 PMID: 27744648

55. Milenkovic VM, Stanton EH, Nothdurfter C, Rupprecht R, Wetzel CH. The Role of Chemokines in the

Pathophysiology of Major Depressive Disorder. Int J Mol Sci. 2019; 20(9). https://doi.org/10.3390/

ijms20092283 PMID: 31075818

56. Roman M, Irwin MR. Novel neuroimmunologic therapeutics in depression: A clinical perspective on

what we know so far. Brain Behav Immun. 2020; 83:7–21. https://doi.org/10.1016/j.bbi.2019.09.016

PMID: 31550500

57. Yang C, Tiemessen KM, Bosker FJ, Wardenaar KJ, Lie J, Schoevers RA. Interleukin, tumor necrosis

factor-α and C-reactive protein profiles in melancholic and non-melancholic depression: A systematic

review. J Psychosom Res. 2018; 111:58–68. https://doi.org/10.1016/j.jpsychores.2018.05.008 PMID:

29935756

58. Norman GJ, Karelina K, Zhang N, Walton JC, Morris JS, Devries AC. Stress and IL-1beta contribute to

the development of depressive-like behavior following peripheral nerve injury. Mol Psychiatry. 2010; 15

(4):404–14. https://doi.org/10.1038/mp.2009.91 PMID: 19773812

59. Amiri S, Behnezhad S, Azad E. Back pain and depressive symptoms: A systematic review and meta-

analysis. Int J Psychiatry Med. 2020:91217420913001. https://doi.org/10.1177/0091217420913001

PMID: 32220220

60. Haldeman S, Kopansky-Giles D, Hurwitz EL, Hoy D, Mark Erwin W, Dagenais S, et al. Advancements

in the management of spine disorders. Best Pract Res Clin Rheumatol. 2012; 26(2):263–80. https://doi.

org/10.1016/j.berh.2012.03.006 PMID: 22794098

61. Foster NE, Anema JR, Cherkin D, Chou R, Cohen SP, Gross DP, et al. Prevention and treatment of low

back pain: evidence, challenges, and promising directions. Lancet. 2018; 391(10137):2368–83. https://

doi.org/10.1016/S0140-6736(18)30489-6 PMID: 29573872

62. Gatchel RJ, Peng YB, Peters ML, Fuchs PN, Turk DC. The biopsychosocial approach to chronic pain:

scientific advances and future directions. Psychol Bull. 2007; 133(4):581–624. https://doi.org/10.1037/

0033-2909.133.4.581 PMID: 17592957.

63. O’SULLIVAN P, Lin I. Acute low back pain. Pain. 2014; 1(1):8–13.

64. Edwards RR, Dworkin RH, Sullivan MD, Turk DC, Wasan AD. The Role of Psychosocial Processes in

the Development and Maintenance of Chronic Pain. J Pain. 2016; 17(9 Suppl):T70–92. https://doi.org/

10.1016/j.jpain.2016.01.001 PMID: 27586832

65. Stubbs B, Koyanagi A, Thompson T, Veronese N, Carvalho AF, Solomi M, et al. The epidemiology of

back pain and its relationship with depression, psychosis, anxiety, sleep disturbances, and stress sensi-

tivity: Data from 43 low- and middle-income countries. Gen Hosp Psychiatry. 2016; 43:63–70. https://

doi.org/10.1016/j.genhosppsych.2016.09.008 PMID: 27796261.

66. Lumley MA, Cohen JL, Borszcz GS, Cano A, Radcliffe AM, Porter LS, et al. Pain and emotion: a biopsy-

chosocial review of recent research. J Clin Psychol. 2011; 67(9):942–68. https://doi.org/10.1002/jclp.

20816 PMID: 21647882.

67. Bingel U, Wanigasekera V, Wiech K, Ni Mhuircheartaigh R, Lee MC, Ploner M, et al. The effect of treat-

ment expectation on drug efficacy: imaging the analgesic benefit of the opioid remifentanil. Sci Transl

Med. 2011; 3(70):70ra14. https://doi.org/10.1126/scitranslmed.3001244 PMID: 21325618.

68. Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet. 2017; 389(10070):736–47.

https://doi.org/10.1016/S0140-6736(16)30970-9 PMID: 27745712

69. Jayewardene WP, Lohrmann DK, Erbe RG, Torabi MR. Effects of preventive online mindfulness inter-

ventions on stress and mindfulness: A meta-analysis of randomized controlled trials. Prev Med Rep.

2017; 5:150–9. https://doi.org/10.1016/j.pmedr.2016.11.013 PMID: 28050336

70. Ashar YK, Gordon A, Schubiner H, Uipi C, Knight K, Anderson Z, et al. Effect of Pain Reprocessing

Therapy vs Placebo and Usual Care for Patients With Chronic Back Pain: A Randomized Clinical

PLOS ONE Mindfulness and low back pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0276734 November 9, 2022 18 / 19

https://doi.org/10.1186/s12891-020-3154-3
http://www.ncbi.nlm.nih.gov/pubmed/32126991
https://doi.org/10.1097/ajp.0b013e3181eef761
http://www.ncbi.nlm.nih.gov/pubmed/21188850
https://doi.org/10.1038/s41598-018-30487-6
http://www.ncbi.nlm.nih.gov/pubmed/30104698
https://doi.org/10.1111/acps.12656
https://doi.org/10.1111/acps.12656
http://www.ncbi.nlm.nih.gov/pubmed/27744648
https://doi.org/10.3390/ijms20092283
https://doi.org/10.3390/ijms20092283
http://www.ncbi.nlm.nih.gov/pubmed/31075818
https://doi.org/10.1016/j.bbi.2019.09.016
http://www.ncbi.nlm.nih.gov/pubmed/31550500
https://doi.org/10.1016/j.jpsychores.2018.05.008
http://www.ncbi.nlm.nih.gov/pubmed/29935756
https://doi.org/10.1038/mp.2009.91
http://www.ncbi.nlm.nih.gov/pubmed/19773812
https://doi.org/10.1177/0091217420913001
http://www.ncbi.nlm.nih.gov/pubmed/32220220
https://doi.org/10.1016/j.berh.2012.03.006
https://doi.org/10.1016/j.berh.2012.03.006
http://www.ncbi.nlm.nih.gov/pubmed/22794098
https://doi.org/10.1016/S0140-6736%2818%2930489-6
https://doi.org/10.1016/S0140-6736%2818%2930489-6
http://www.ncbi.nlm.nih.gov/pubmed/29573872
https://doi.org/10.1037/0033-2909.133.4.581
https://doi.org/10.1037/0033-2909.133.4.581
http://www.ncbi.nlm.nih.gov/pubmed/17592957
https://doi.org/10.1016/j.jpain.2016.01.001
https://doi.org/10.1016/j.jpain.2016.01.001
http://www.ncbi.nlm.nih.gov/pubmed/27586832
https://doi.org/10.1016/j.genhosppsych.2016.09.008
https://doi.org/10.1016/j.genhosppsych.2016.09.008
http://www.ncbi.nlm.nih.gov/pubmed/27796261
https://doi.org/10.1002/jclp.20816
https://doi.org/10.1002/jclp.20816
http://www.ncbi.nlm.nih.gov/pubmed/21647882
https://doi.org/10.1126/scitranslmed.3001244
http://www.ncbi.nlm.nih.gov/pubmed/21325618
https://doi.org/10.1016/S0140-6736%2816%2930970-9
http://www.ncbi.nlm.nih.gov/pubmed/27745712
https://doi.org/10.1016/j.pmedr.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/28050336
https://doi.org/10.1371/journal.pone.0276734


Trial. JAMA Psychiatry. 2022; 79(1):13–23. https://doi.org/10.1001/jamapsychiatry.2021.2669 PMID:

34586357.

71. Skelly AC, Chou R, Dettori JR, Turner JA, Friedly JL, Rundell SD, et al. Noninvasive nonpharmacologi-

cal treatment for chronic pain: A systematic review update. 2020.

PLOS ONE Mindfulness and low back pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0276734 November 9, 2022 19 / 19

https://doi.org/10.1001/jamapsychiatry.2021.2669
http://www.ncbi.nlm.nih.gov/pubmed/34586357
https://doi.org/10.1371/journal.pone.0276734

