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Abstract
Background: Nonpharmacologic stress reduction interventions provide an opportunity to modify chronic pain trajectories;
however, the biological mechanisms underlying these interventions are poorly understood. Objectives: To examine clinical
literature published in 2012–2018 with the goals of (1) identifying which biological mechanisms or biomarkers are currently being
measured in nonpharmacologic stress reduction intervention studies for individuals with chronic pain and (2) evaluating the
evidence to determine whether these stress reduction interventions lead to changes in (a) pain outcomes and/or (b) measured
biomarkers. Data sources: Scientific articles in the electronic databases PubMed/Medline, Cumulative Index of Nursing and
Allied Health Literature, PsychINFO, and SCOPUS following the Preferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines. Study selection: Randomized controlled trials and quasi-experimental studies that recruited subjects with a
chronic pain condition, examined a relationship between a nonpharmacologic stress reduction intervention and pain-related
outcome(s), and included measurement of a biomarker. Results: The 13 articles that met inclusion criteria spanned four
nonpharmacologic stress reduction categories: mindfulness-based stress reduction, physical exercise, manual therapies, and
biofeedback. Methods for studying biomarkers included measuring biological samples, neurological function, and autonomic
control. Although all studies investigated both biological measures and pain outcomes, only three demonstrated an association
between the biomarker(s) and pain-related outcomes. Conclusions: The results of this review highlight the complex nature of
stress–pain relationships and the lack of rigorous clinical research identifying specific stress-related biological factors that
modulate pain outcomes. Stress reduction interventions remain a favorable method for symptom management in patients
living with chronic pain, but consistency in study measures and design is needed for robust evaluation.
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For many, the experience of chronic pain (CP) impacts daily

well-being and may lead to long-term physical and psycholo-

gical consequences (Fine, 2011; Global Burden of Diseases,

Injuries, and Risk Factors Study 2017 Risk Factor Collabora-

tors, 2018; Pitcher et al., 2018). Approximately one in five

individuals are living with a CP condition worldwide, including

20.4% of the population in the United States (Dahlhamer et al.,

2018; International Association for the Study of Pain [IASP],

n.d.). CP is broadly defined as pain extending beyond 3 months

or lasting longer than the expected time of healing (IASP, n.d.;

Treede et al., 2015). It may be diagnosed as a primary disease,

as seen with idiopathic chronic low back pain (CLBP), or sec-

ondary to another medical condition such as cancer or diabetes

mellitus (Fine, 2011; IASP, n.d.; Treede et al., 2019; U.S.

Department of Health and Human Services, 2016). The dura-

tion, severity, and impact of CP differ among individuals,

emphasizing that pain is a personalized experience (Dahlhamer

et al., 2018; Pitcher et al., 2018).

CP is often conceptualized using the biopsychosocial model,

which specifically describes an intricate network of processes

that contribute to the maintenance and the outcomes of CP

(Gatchel, 2004; Gatchel et al., 2007). This model clearly outlines

the relationships among biological processes (e.g., nociception,

central sensitization), cognitive–affective systems (e.g., per-

ceived stress, pain evaluation), and external factors (e.g., culture,
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relationships) elicited from the social world that are involved in

CP (Gatchel, 2004; Gatchel et al., 2007). In particular, the role of

stress in the development of CP is a crucial consideration

because research has identified stressors that are intrinsic to

pathophysiological pain processes and those that are extrinsi-

cally located in the social environment. Biological responses

to stressors initiate neuroendocrine cascades within the hypotha-

lamic–pituitary–adrenal (HPA) axis, eliciting both physiological

and behavioral changes (Smith & Vale, 2006). Changes in the

HPA axis, including dysregulation of neurotransmitters and

endogenous hormones, may further influence CP, leading to

alterations in cerebral plasticity and nociceptive tone (Eller-

Smith et al., 2018; Vachon-Presseau et al., 2013).

Although acute stress initially creates an analgesic effect for

the individual experiencing pain, it can also have a negative,

hyperalgesic effect on pain modulated by the magnitude (i.e.,

high or low) of an individual’s stress response (Geva & Defrin,

2018; Vachon-Presseau, 2018). Moreover, repeated, long-term

exposure to stressors and maladaptive emotional reactions to

stressors (e.g., anxiety, fear, depression), can modify the pain

response by contributing to neurobiological changes in pain

processing pathways, a phenomenon termed stress-induced

hyperalgesia (Jennings et al., 2014; Olango & Finn, 2014).

Individual differences in genetic predisposition are also critical

factors, as varying genotypes influence an individual’s suscept-

ibility to stress and pain in addition to subsequent responses to

and outcomes of a painful experience (Gatchel, 2004; Gatchel

et al., 2007; Novais et al., 2016; Olango & Finn, 2014).

Nonpharmacologic interventions often target stress reduction

as the mechanism of action to reduce pain and other symptoms.

Multiple types of nonpharmacologic stress reduction techniques

exist that generally fall within broader categories such as relaxa-

tion techniques, physical training programs, cognitive behavioral

therapy, massage, and biofeedback. Although health care clin-

icians frequently encourage patients with CP to use these meth-

ods and the methods have good feasibility, the findings

regarding their effectiveness in improving pain-related outcomes

are conflicting (Eller-Smith et al., 2018; Fisher et al., 2018;

Majeed et al., 2018; Petersen & la Cour, 2016; Skelly et al.,

2018; Theadom et al., 2015). One reason for this lack of agree-

ment may be a limited understanding of how these methods

target the biological mechanisms within the stress-response

system.

To advance the knowledge of interactions between these

stress reduction techniques and the biological mechanisms

underlying the stress response, we reviewed the current litera-

ture to identify scientific studies that specifically examined

biological mechanisms, termed biomarkers, associated with

specific nonpharmacologic stress reduction interventions for

individuals with CP. Strimbu and Tavel (2010) define biomar-

kers as the “objective, quantifiable characteristics of normal

biological processes” (p. 2). Empirical evidence supporting the

effectiveness of targeted nonpharmacologic stress reduction

interventions will help to formulate recommendations for opti-

mal application across clinical settings. The primary questions

driving this systematic review were the following: Which

biological mechanisms are being measured in current research

on nonpharmacologic stress reduction interventions for indi-

viduals with CP? and What evidence has been published show-

ing that nonpharmacologic stress reduction interventions lead

to a change in the measured biological process and/or pain

outcomes?

Method

The Preferred Reporting Items for Systematic Reviews and

Meta-analyses (PRISMA) statement guided this systematic

review (Moher et al., 2009). We employed the electronic data-

bases PubMed/Medline, the Cumulative Index of Nursing and

Allied Health Literature, PsycINFO, and SCOPUS to identify

relevant articles. The primary database search terms included

stress reduction, non-pharmacologic*, integrative, interven-

tion, chronic pain, pain disorder, biomarker, and biological

mechanism. Searches in PubMed/Medline included the specific

Medical Subject Headings phrase “chronic pain [majr].” We

also reviewed the reference lists of qualifying articles for addi-

tional relevant publications to screen.

Studies met inclusion criteria if they (a) were published in

English between January 2012 and December 2018 due to

recent advancements and increased accessibility to biological

measurement techniques (e.g., RNA-seq, genome-wide associ-

ation studies), (b) implemented a randomized controlled trial

(RCT) or quasi-experimental study design, (c) recruited sub-

jects with a CP condition, (d) examined a relationship between

a nonpharmacologic stress reduction intervention and a

reported pain-related outcome(s), and (e) included one or more

biological measurements. For the purposes of the present

review, biological measurements included one or more of the

following: Biological samples extracted from participants, use

of imaging techniques to characterize pathophysiological pro-

cesses, and/or parasympathetic measurements used to show

changes in biological processes. We defined nonpharmacologic

stress reduction interventions broadly as techniques used to

diminish symptoms and promote well-being, including educa-

tional/cognitive, psychological, and/or physiological methods.

We excluded studies if they were (a) an assessment of pain in

animal models, (b) psychometric studies, (c) surveys, (d) case

studies, or (e) dissertations.

The first and last authors (KBC and AS) independently

screened abstracts and full-text articles according to the PRISMA

checklist and inclusion/exclusion criteria (Moher et al., 2009).

After identifying the final sample of articles, KBC extracted data

from each study into an electronic table and confirmed results

with the last author (AS). We completed a narrative analysis of

each study to evaluate the effects of the stress reduction interven-

tions on pain outcomes and biological measures.

We assessed quality and risk of bias using the Joanna Briggs

Institute (JBI) critical appraisal checklists for RCTs (13 items)

and quasi-experimental studies (9 items; Tufanaru et al., 2017).

For these checklists, each item has the following possible

responses: “Yes,” “No,” “Unclear,” or “Not applicable.” Yes

is scored as 1 and all other answers as 0. We established score
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ranges for evaluating the methodological quality of the RCT

reports as follows: low quality (1–4), moderate quality (5–7),

and high quality (8–13; Moola et al., 2017). For the quasi-

experimental studies, the comparable ranges were as follows:

low quality (1–3), moderate quality (4–6), and high quality (7–

9). KBC and AS assessed the methodological quality for each

of the included studies, and they subsequently reviewed

together. We made the decision by consensus a priori to include

all articles which scored as moderate or high quality in the

present review. We resolved any lack of consensus regarding

quality scores by discussion.

Results

After removing duplicate articles, we screened a total of 2,096

article titles and abstracts and assessed 59 full-text articles for

meeting selection criteria. A final sample of 12 studies

(reported in 13 articles) met the criteria for the present review,

with two journal articles reporting different study results from a

single interventional trial (Cho et al., 2015; Lee et al., 2014).

We evaluated all 12 studies as moderate-to-high quality and

included them in this systematic review. Figure 1 displays the

PRISMA flow diagram of the article-screening process.

Descriptive information we obtained from each individual arti-

cle, including study design, subject descriptions, stress reduc-

tion intervention, outcome measures, major results, and quality

appraisals, is included in Table 1.

The majority of the studies were conducted in the United

States (n ¼ 5), followed by Germany (n ¼ 2), Sweden (n ¼ 2),

Hong Kong (n¼ 1), Italy (n¼ 1), and the Republic of Korea (n

¼ 1). Of the 12 studies, 7 were quasi-experimental studies and

5 were RCTs. Over half of the studies were described as a pilot

and/or feasibility trial (n ¼ 8). The sample sizes of the studies,

including control subjects, ranged from 9 (Crisp et al., 2016) to

163 (Grossman et al., 2017). No articles identified in the search

included pediatric samples, and the mean age of study partici-

pants was greater than 30 years. Across all studies, the majority

of participants (approximately 80%) identified as female, and

four of the studies (covered in five of the articles) specifically

limited their recruitment criteria to include only female parti-

cipants (Cho et al., 2015; Crisp et al., 2016; Gerdle et al., 2016;

Grossman et al., 2017; Lee et al., 2014).

CLBP was the most frequent CP condition studied (n ¼ 6

studies; Ardito et al., 2017; Braden et al., 2016; Cho et al., 2015;

Lee et al., 2014; Schmidt et al., 2015; Yuen et al., 2017; Zgierska

et al., 2016), followed by fibromyalgia syndrome (FMS; n ¼ 2;
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram of the systematic review article-screening
procedure.
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Gerdle et al., 2016; Grossman et al., 2017) . In two articles,

researchers reported on individuals with CP and an additional

primary diagnosis, specifically, posttraumatic stress disorder

(Scioli-Salter et al., 2016) and Parkinson’s disease (Törnhage

et al., 2013). Additionally, two articles reported the effects of

a stress reduction intervention in military service groups: one

with active-duty women in the military with chronic pelvic pain

(Crisp et al., 2016) and the other a pilot study with veterans

experiencing generalized CP (Berry et al., 2014).

The category of nonpharmacologic stress reduction interven-

tion these authors most frequently investigated was mindfulness-

based stress reduction (MBSR), as identified in six studies

(Ardito et al., 2017; Braden et al., 2016; Crisp et al., 2016;

Grossman et al., 2017; Schmidt et al., 2015; Zgierska et al.,

2016). Researchers in three studies (discussed in four articles)

assessed the effects of physical exercise interventions on CP and

biological mechanisms (Cho et al., 2015; Gerdle et al., 2016; Lee

et al., 2014; Scioli-Salter, 2016). In two studies, researchers

evaluated nonpharmacologic stress reduction interventions that

involved the manipulation of tissue and joints, specifically tactile

massage (Törnhage et al., 2013) and Gua sha, a traditional inte-

grative therapy that can be used to reduce muscle pain and

involves the application of pressure in a stroking sequence until

petechiae form (Yuen et al., 2017). Yuen et al. (2017) compared

the Gua sha treatment to a hydrocollator hot-pack treatment in a

randomized AB/BA crossover study design sequence (i.e., sub-

jects received treatment A then treatment B or vice versa) sepa-

rated by a 28-day washout period between treatments. The

hot-pack therapy included the application of a moist heating

pack placed superficially on the low back in the same approx-

imate location of the Gua sha treatment. Finally, a single study

investigated the results of a heart rate variability coherence bio-

feedback intervention, which included the self-regulation tech-

niques of controlled breathing and emotional awareness, on

stress and pain in veterans (Berry et al., 2014).

Across the 13 articles, researchers used ten different meth-

ods to evaluate pain. For measuring pain severity, they used the

Numeric Rating Scale (Ardito et al., 2017; Zgierska et al.,

2016), the Brief Pain Inventory (Berry et al, 2014; Crisp

et al., 2016; Zgierska et al., 2016), the Oswestry Low Back

Pain Scale (Braden et al., 2016), and a Visual Analog Scale

(Gerdle et al., 2016; Lee et al., 2014; Schmidt et al., 2015;

Yuen et al., 2017). In two of the MBSR studies, researchers

examined pain perception using the Pain Perception Scale

(Grossman et al., 2017; Schmidt et al., 2015). Scioli-Salter and

colleagues (2016) measured pain interference, but did not

report results in the article we evaluated for this review. In

another two studies, researchers evaluated thermal stimuli in

their pain assessment, including (1) pain threshold and toler-

ance to cold (Scioli-Salter et al., 2016) and (2) pain intensity

and unpleasantness in response to heat (Zgierska et al., 2016).

Gerdle et al. (2016) also used an algometer to assess the pres-

sure pain threshold prior to the intervention. Further, two more

studies evaluated pain-related functional ability outcomes with

the Roland–Morris Disability Questionnaire (RMDQ; Cho

et al., 2015; Yuen et al., 2017). Törnhage et al. (2013) did not

use a pain-specific measure in their study but instead imple-

mented the Unified Parkinson’s Disease Related Scale, which

includes two questions regarding Parkinson’s-related pain fre-

quency and severity (Fahn et al., 1987). Of note, only 3 of the

13 articles included self-report measures of stress in their data

collection, including (1) the Perceived Stress Scale (Berry

et al., 2014; Zgierska et al., 2016) and (2) the Symptoms of

Stress Inventory (Cho et al., 2015).

Methods Used for Biological Measurement

Biological samples. In nine of the articles, researchers investi-

gated the effect of a nonpharmacologic stress reduction inter-

vention on specific biochemical substances. In two of these,

researchers examined salivary cortisol to directly assess HPA

function (Ardito et al., 2017; Törnhage et al., 2013). Partici-

pants in the Ardito et al. (2017) study collected saliva samples

at 08:00 and 23:00 prior to the intervention start and after the

intervention was completed (8-week MBSR program). Törnh-

age et al. (2013) examined diurnal cortisol rhythms by collect-

ing salivary samples at 08:00, 13:00, 20:00, and 08:00 the

following day at five time points during the 8-week interven-

tion. They also collected salivary cortisol immediately prior to,

immediately following, and 30 min after the first and eighth

interventions. While Ardito et al. (2017) analyzed their salivary

cortisol samples with an electrochemiluminescence immunoas-

say, Törnhage et al. (2013) used a radioimmunoassay tech-

nique. Both examined total secretion of cortisol, but only

Törnhage et al. (2013) calculated diurnal rhythms and salivary

cortisol concentrations over time.

Researchers in four studies focused specifically on assessing

inflammatory biomarkers, which are associated with glucocor-

ticoid release in the HPA pathway, although the specimen types

varied among studies. Yuen et al. (2017) used an enzyme-

linked immunosorbent assay (ELISA) to measure salivary

levels of tumor necrosis factor alpha (TNF-a) and heme-

oxygenase 1 prior to and twice after (Days 1 and 7) each treat-

ment arm of the AB/BA crossover design. Alternatively,

Zgierska et al. (2016) used an electrochemiluminescence assay

to measure C-reactive protein (CRP) and multiple inflamma-

tory cytokines (interleukin 1-beta [IL-1b], IL-6, TNF-a, and

interferon g) taken from serum samples at baseline and 8 and

26 weeks from baseline. In the third study, Crisp et al. (2016)

examined the pro-inflammatory biomarkers TNF-a and IL-1b
in vaginal mucosal secretions to assess cytokine profiles in

women with chronic pelvic pain. Specifically, the researchers

analyzed swab samples attained prior to the intervention and at

Week 8 using bead-based multiplex assays.

In one interventional trial, researchers also investigated the

inflammatory biomarkers CRP and TNF-a as well as cortisol

(Cho et al., 2015) and pain-specific neuromodulators, specifi-

cally brain-derived neurotrophic factor (BDNF) and serotonin

(Lee et al., 2014). Researchers collected the serum samples for

the results presented in both of these articles before and after

the 12-week intervention in a single trial. They used the fol-

lowing four techniques to measure the five targets:

Carney et al. 211



immunoturbidimetric assays for the measurement of CRP,

ELISA kits for the analysis of TNF-a and BDNF, radioimmu-

noassay kits for the evaluation of cortisol levels, and high-

performance liquid chromatography to measure serotonin (Cho

et al., 2015; Lee et al., 2014).

Gerdle et al. (2016) investigated the interstitial concentra-

tions of lactate, pyruvate, glutamate, glucose, and glycerol,

which are metabolites that each have a role in cell signaling

within the inflammatory and stress cascades. Investigators

sampled dialysate from two microdialysis catheters placed in

the vastus lateralis muscle, targeting the free nerve endings of

nociceptors, every 20 minutes during a 220-min testing period

at baseline and after the 15-week exercise intervention. The

research team analyzed the interstitial concentrations of dialy-

sate samples from five time points during the testing using a

microdialysis analyzer.

Finally, Scioli-Salter et al. (2016) examined plasma levels of

nociceptive-specific inhibitory neurohormones, including neuro-

peptide Y (NPY), allopregnanolone/pregnanolone (ALLO), cor-

tisol, and dehydroepiandrosterone (DHEA). Investigators

obtained whole-blood samples at five time points during a single

cardiorespiratory exercise intervention: baseline, 5 min prior to

the exercise, during peak exercise, and 5 and 30 min after the

exercise. To analyze the neurohormone levels, they used varia-

tions of radioimmunoassay techniques (cortisol, DHEA, and

NPY) and gas chromatography–mass spectrometry (ALLO).

Neurological function. Investigators in two of the studies sought to

investigate the impact of stress reduction interventions on neu-

rological function in adults experiencing CP. Braden et al.

(2016) examined emotion processing by using functional mag-

netic resonance imaging (fMRI) to measure changes in neural

activity while participants completed an emotional self-

awareness task. Each participant completed an fMRI within 2

weeks before and after the stress reduction intervention. During

the scans, the participants completed a sadness-induction task in

which they were presented with visual and auditory stimuli and

asked to report on their emotional state in response. The inves-

tigators measured changes in blood oxygen level–dependent

(BOLD) signals in the ventrolateral and dorsomedial prefrontal

cortices, anterior insula, and anterior cingulate cortex (ACC).

Schmidt et al. (2015) monitored thalamocortical dysrhyth-

mia (TCD) patterns using an electroencephalogram (EEG) to

assess whether alterations in neural processing patterns after an

MBSR intervention were related to improved pain outcomes.

Participants completed an EEG at study enrollment and after

the intervention. Researchers evaluated TCD patterns by deter-

mining the peak frequency, peak power, center of gravity, and

overall power of the EEG data.

Autonomic control. In two studies, investigators evaluated phy-

siological functions. In one trial, Berry et al. (2014) sought to

understand whether a biofeedback intervention would increase

heart rate variability (HRV) as a measure of cardiac coherence.

They assessed the effect of the intervention by monitoring

changes in the low-frequency HRV waveforms and calculating

the cardiac coherence ratio (peak frequency power/[total fre-

quency power � peak frequency power]), measured in Hertz

(Hz), using data collected before and after the 4-week interven-

tion. Grossman et al. (2017) monitored cardiorespiratory func-

tion and accelerometry using an ambulatory monitoring system

for 24-hr time periods before the intervention, postintervention,

and 8 weeks after the completion of the MBSR trial. The

research team described different trajectories over time for

physiological measures in the intervention and control groups

to explore whether autonomic changes were associated with

improvements in FMS symptoms.

Outcomes of Stress Reduction Interventions

MBSR. Of the six studies that evaluated the use of MBSR pro-

grams in individuals living with CP, four identified significant

improvements in pain (Ardito et al., 2017; Braden et al., 2016;

Schmidt et al., 2015; Zgierska et al., 2016). Each study reported

effect sizes, ranging from small (d ¼ 0.28; Braden et al., 2016)

to large (d ¼ 1.15; Schmidt et al., 2015), with the 8-week

training programs demonstrating a greater impact on pain

severity than the 4-week intervention in one study (Braden

et al., 2016). In two of the studies (Ardito et al., 2017; Braden

et al., 2016), investigators found a significant change in biolo-

gical measures; however, only Braden et al. (2016) reported an

effect size indicating that the MBSR intervention has a large

effect on BOLD signals, particularly in the left subgenual ACC,

t(11) ¼ 20.37, p ¼ .0009, d ¼ 1.68.

Physical exercise. In four articles, researchers investigated the

effects of various physical activities. In two studies, the physical

exercise interventions led to decreased pain (Gerdle et al., 2016;

Lee et al., 2014), and in one study, the intervention led to

improved functional ability (Cho et al., 2015). However, none

of these authors reported effect sizes. In the last of these studies,

Scioli-Salter et al. (2016) did not report results from patient-

reported pain outcomes. Authors in two of these studies reported

that the interventions had an effect on biological measures that

were associated with changes in pain sensitivity (Gerdle et al.,

2016; Scioli-Salter et al., 2016). Specifically, Gerdle et al.

(2016) found that decreased pain intensity in the intervention

group was positively correlated with decreased interstitial con-

centrations of pyruvate and glucose (R2 ¼ .13, p < .05). Scioli-

Salter et al. (2016) showed that 30 min after a single session of

peak cardiopulmonary exercise cold pain threshold was posi-

tively correlated with NPY levels (r ¼ .66, p < .05) and cold

pain tolerance was inversely associated with cortisol (r ¼ �.69,

p < .05) and DHEA (r ¼ �.58, p < .05) levels.

Manual therapies. In one study that evaluated manual therapy,

researchers noted a more significant reduction in subjective

pain scores after participants received Gua sha (p < .001) in

comparison to hot-pack therapy (p < .05; Yuen et al., 2017).

Pain-related functional ability followed a similar pattern, with a

more significant improvement following Gua sha (p < .001)

than hot-pack treatment (p < .01). These two pain outcomes
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were positively correlated (r ¼ .37, p < .05) for the Gua sha

intervention. In addition, a reduction in TNF-a was positively

correlated with RMDQ scores after Gua sha therapy (r ¼ .51,

p < .01). In another study, Törnhage et al. (2013) reported

a reduction in concentration and total secretion of cortisol in

both the intervention and active control groups immediately

following the interventions and at the end of the trial sequence,

as shown in Table 1. However, changes in cortisol concentra-

tion, secretion, and diurnal rhythm were not sustained long

term. The authors did not report any measure of effect size in

either of these two articles.

Biofeedback. The intervention Berry et al. (2014) tested led to

decreased pain-intensity ratings for veterans living with CP,

t(7) ¼ 6, p < .001, 95% confidence interval [CI] [6.0, 13.7]).

Further, the intervention group displayed increased cardiac

coherence ratios after the intervention, with a 191% improve-

ment in coherence, t(7) ¼ �1.8, p ¼ .05, 95% CI [�0.5, 0.0],

indicating that the self-regulation techniques promoted para-

sympathetic activity. The authors did not report on associations

between cardiac coherence and pain ratings.

Discussion

The results of the present review show the potential for imple-

menting a wide range of nonpharmacologic stress reduction

interventions in patients with CP. To our knowledge, this is

the first systematic review examining biological measures

associated with nonpharmacologic stress reduction interven-

tions for clinical CP populations. Although the nonpharmaco-

logic stress reduction interventions we evaluated in the present

review were generally associated with improvements in pain

outcomes, there was no consistent evidence that the interven-

tions directly targeted the biological mechanisms of pain per-

ception, as the selected biomarkers did not demonstrate

repeated associations with changes in pain severity. Previous

reviews have also identified mixed results of nonpharmacolo-

gical stress reduction interventions on CP outcomes (Majeed

et al., 2018; Skelly et al., 2018). Methodological differences

across the studies in this review (i.e., the variations in measure-

ment of pain, stress, and biological mechanisms; intervention

designs) present a considerable challenge for reaching defini-

tive conclusions other than to highlight the pressing need for

additional research. Our findings may be used, however, to

point to the potential opportunities for future investigations

(e.g., replication studies) to ameliorate the limitations of the

current evidence.

Sample characteristics and size varied considerably across

the studies with only two including more than 50 people in their

analyses (Gerdle et al., 2016; Grossman et al., 2017). Less than

half (5 of the 13 articles, describing 12 studies) of the publica-

tions included descriptions of a power analysis to determine

study sample size (Braden et al., 2016; Cho et al., 2015; Gerdle

et al., 2016; Grossman et al., 2017; Lee et al., 2014; Törnhage

et al., 2013). Additionally, the majority of participants were

female, and only three articles included discussions of

sociodemographic characteristics other than age or education

in their sample descriptions (Crisp et al., 2016; Grossman et al.,

2017; Zgierska et al., 2016). Previous research has reported that

women are more likely than men to report CP conditions and

has identified sex-linked differences in pain perception and

sensitivity (Mills et al., 2019). Yet sample homogeneity (e.g.,

the overrepresentation of female participants) and a lack of

clearly described representation of male subgroups or reporting

of other demographic characteristics of potential interest fur-

ther decrease the generalizability of the available findings

across different pain populations. In addition, we identified

no articles with a pediatric sample (<18 years old) that met our

inclusion criteria. More diverse samples are needed to under-

stand the ways in which nonpharmacologic stress reduction

interventions might affect pain-related processes while

accounting for sex and age variations.

In the five studies that implemented an RCT (Berry et al.,

2014; Grossman et al., 2017; Törnhage et al., 2013; Yuen et al.,

2017; Zgierska et al., 2016), descriptions of blinding were

limited. Due to the nature of mind–body intervention studies,

which typically involve a psychosocial component, it is diffi-

cult to implement double-blinding procedures in the study

design. Utilization of crossover or attention-control designs can

reduce threats to study validity (Aycock et al., 2018). Among

the studies included in this review, four implemented an

attention-control design (Braden et al., 2016; Gerdle et al.,

2016; Grossman et al., 2017; Törnhage et al., 2013) and one

used a crossover design (Yuen et al., 2017).

Additionally, attrition from the nonpharmacologic stress

reduction intervention conditions was a concern across mul-

tiple studies, impairing the internal validity of the findings.

However, eight of the studies were feasibility or pilot trials.

Reasons participants cited for leaving a trial included worsen-

ing pain (Ardito et al., 2017; Braden et al., 2016), interference

with family or work commitments (Cho et al., 2015; Crisp

et al., 2016), and lack of interest (Ardito et al., 2017; Zgierska

et al., 2016).

Descriptions of biological measures and methods also var-

ied across the studies. As there is no single standard method for

biological measurement in stress reduction interventions, it is

difficult to assess the appropriateness of each method applied.

Saliva was the most common biological sample collected, pos-

sibly due to the noninvasive procedure and the potential for

home collection with proper participant instruction. Increased

transparency in reporting on the sample collection and process-

ing techniques would improve assessment of reliability across

studies. In one study, authors did report inappropriate handling

of the biological samples (Crisp et al., 2016), which affects

confidence in the interpretation of the reported results.

It is also important to consider the long-term effects of

nonpharmacologic stress reduction interventions. Of the stud-

ies examined in the present review, four included self-report

measures as a long-term follow-up at 8 weeks (Grossman et al.,

2017), 18 weeks (Zgierska et al., 2016), 4–5 months (Ardito

et al., 2017), and 1 year (Braden et al., 2016) after the comple-

tion of the study intervention delivery period. Pain severity
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remained decreased relative to baseline in a single study

(Ardito et al., 2017). Among the studies that did not identify

sustained decreases in pain outcomes, the authors discussed

attrition and worsening clinical symptoms as factors that might

have influenced these findings. Investigators measured biolo-

gical samples at a follow-up time point in only one study,

although they did not find sustained reduction in inflammatory

mediators (Zgierska et al., 2016). Authors of a recent review

article in which they extensively investigated the long-term

effectiveness of nonpharmacologic interventions across multi-

ple CP populations identified similar findings, noting that future

research should focus on sustainability of intervention effects

(Skelly et al., 2018). However, Skelly et al. (2018) did not

include the investigation of biological measures in their review.

Therefore, this article adds to these findings by stressing the

need for standard protocols to investigate long-term effects of

nonpharmacologic interventions and long-term measurement of

biomarkers to understand the underlying processes.

At this stage of the science, relatively little is known about

the precise stress-related biological factors that modulate pain

outcomes or how they may be used to optimize pain manage-

ment strategies for individual patients. Lack of consistency in

the intervention designs within the intervention categories and

the biological measures used across studies limits our ability to

draw robust conclusions on the effectiveness of the nonphar-

macologic stress reduction interventions included in the pres-

ent review. Further investigation is warranted to understand the

role of particular nonpharmacologic stress reduction interven-

tion categories in treating CP, including specific skills and

protocols comprising each intervention to facilitate replication

and how they relate to mechanisms affecting the experience of

CP. Measuring pain trajectories and stress-related biomarkers

from the onset of pain would also inform the timing and content

of therapeutic intervention delivery.

Limitations

It is important to consider several limitations of the present

review to allow for a balanced interpretation of our findings.

Exclusion of studies published prior to 2012 may have limited

our search results; however, this time frame is reasonable given

advancements in biological assays and methods employed.

Additionally, we did not include gray literature (e.g., disserta-

tions), which may have contributed to the findings of this review.

Although many studies have investigated stress reduction inter-

ventions and/or biomarkers in CP populations, identifying stud-

ies that met both of these criteria was the single greatest limiting

factor for inclusion in this analysis. We did not restrict the type

of nonpharmacologic stress reduction intervention, CP, or bio-

marker a priori, which likely factored into the diversity of meth-

ods we identified in our findings. Considering the small number

of studies that met our inclusion criteria and the fact that these

studies spanned four categories of intervention methods, our

ability to draw any general conclusions about the overall effec-

tiveness of stress reduction interventions at a mechanistic level

was limited, and addressing that question requires additional

research. Finally, although the independent assessments of each

article led to moderate-to-high quality assessment (QA) scores

(Table 1), the synthesis of the research findings in the present

review exposed many limitations in this body of research, as

previously discussed. While the JBI QA checklist provides a

method for assessing individual studies based on design, the use

of additional criteria to evaluate the validity of specific biobe-

havioral measures and methods used may be necessary when

conducting a QA for these types of studies.

Conclusion

Management of CP remains a priority for interdisciplinary

health care teams. Precision health approaches that address

patient-specific needs have the potential to inform individua-

lized care for patients experiencing CP. This systematic review

highlights the paucity of available studies that both describe a

nonpharmacologic stress reduction intervention among partici-

pants living with CP and also investigate biological measures

in these populations. Additional research is needed to fill this

gap. In order to advance the science supporting precision health

for individuals with CP, future research will need to evaluate

the mechanisms of action associated with nonpharmacologic

stress reduction interventions and include theoretically

grounded biomarkers of the proposed mechanisms. Well-

designed and adequately powered studies are needed to identify

effective stress reduction strategies directed at improving pain

intensity, function, and other pain-related outcomes. Integra-

tion of the findings from the current review will facilitate the

growing evidence base and improve clinical care through

greater standardization in the application of multimodal inter-

ventions that can positively impact pain outcomes within a

biopsychosocial framework.
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Mindfulness meditation and cognitive behavioral therapy inter-

vention reduces pain severity and sensitivity in opioid-treated

chronic low back pain: Pilot findings from a randomized con-

trolled trial. Pain Medicine, 17(10), 1865–1881. https://doi.org/

10.1093/pm/pnw006

216 Biological Research for Nursing 22(2)

https://doi.org/10.1016/j.bja.2019.03.023
https://reviewersmanual.joannabriggs.org/
https://reviewersmanual.joannabriggs.org/
https://doi.org/10.1016/j.ynstr.2016.11.004
https://doi.org/10.1016/j.ynstr.2016.11.004
https://doi.org/10.1007/7854_2014_302
https://doi.org/10.1089/acm.2015.0310
https://doi.org/10.1089/acm.2015.0310
https://doi.org/10.1016/j.jpain.2018.07.006
https://doi.org/10.1016/j.jpain.2018.07.006
https://doi.org/10.1159/000440687
https://doi.org/10.1682/JRRD.2014.10.0267
https://doi.org/10.23970/AHRQEPCCER209
https://doi.org/10.23970/AHRQEPCCER209
https://doi.org/10.1097/COH.0b013e32833ed177
https://doi.org/10.1097/COH.0b013e32833ed177
https://doi.org/10.1002/14651858.CD001980.pub3
https://doi.org/10.1002/14651858.CD001980.pub3
https://doi.org/10.1186/1472-6882-13-357
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1097/j.pain.0000000000001384
https://reviewersmanual.joannabriggs.org/
https://reviewersmanual.joannabriggs.org/
https://iprcc.nih.gov/sites/default/files/HHSNational_Pain_Strategy_508C.pdf
https://iprcc.nih.gov/sites/default/files/HHSNational_Pain_Strategy_508C.pdf
https://doi.org/10.1093/brain/aws371
https://doi.org/10.1016/j.ctim.2017.03.010
https://doi.org/10.1093/pm/pnw006
https://doi.org/10.1093/pm/pnw006


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


