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Abstract

Aim
The aim of this umbrella review was to establish which biopsychosocial factors are associ-
ated with development of chronic musculoskeletal pain.

Methods

Ovid Medline, Embase, Web of Science Core Collection, Cochrane Database of Systematic
Reviews, Database of Abstracts of Reviews of Effects, PsycINFO, CINAHL, PEDro, PROS-
PERO, Google Scholar and grey literature were searched from database inception to 4"
April 2023. Systematic reviews of observational prospective longitudinal studies, including
populations with <3 months (not chronic) musculoskeletal pain, investigating biopsychoso-
cial factors that contribute to development of chronic (>3 months) musculoskeletal pain.
Two reviewers searched the literature, assessed risk of bias (Assessing the Methodological
Quality of Systematic Reviews-2), and evaluated quality (Grading of Recommendations,
Assessment, Development and Evaluation) to provide an overall statement on the certainty
of evidence for each biopsychosocial factor. Data analysis was performed through random
effects meta-analysis (including meta-analysis of meta-analyses where possible) and
descriptive synthesis.

Results

13 systematic reviews were included comprising 185 original research studies (n = 489,644
participants). Thirty-four biopsychosocial factors are associated with development of
chronic musculoskeletal pain. Meta-analyses of odds and/or likelihood ratios were possible
for 25 biopsychosocial factors. There is moderate certainty evidence that smoking (OR 1.24
[95%CI, 1.14—-1.34), fear avoidance (LR+ 2.11 [95%ClI, 1.59-2.8]; LR- 0.5 [95%Cl, 0.35—
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0.71]) poorer support networks (OR 1.21 [95%ClI, 1.14—1.29]), lower socioeconomic status
(OR 2.0[95%Cl, 1.64—2.42]), and high levels of pain (OR 5.61 [95%Cl, 3.74-8.43]) are
associated with development of chronic musculoskeletal pain (all P<0.001). Remaining fac-
tors are of low or very low certainty evidence.

Conclusions and relevance

There is moderate certainty evidence that smoking, fear avoidance, poorer support net-
works, lower socioeconomic status, and high levels of pain are associated with development
of chronic musculoskeletal pain. High risk of bias was evident in most included reviews; this
highlights the need for higher quality systematic reviews.

Introduction

The International Classification of Diseases describes chronic musculoskeletal pain (CMP) as
pain arising from bones, joints, muscle or related soft tissues lasting longer than three months
[1]. The burden of CMP to individuals and societies is substantial being the greatest cause of
disability worldwide affecting approximately 22% of the global population [2]. Once CMP is
established it is hard to treat with 79-92% of people still experiencing CMP up to 12 years later
[3-5]. Consequently, CMP is the most common cause of sickness absence from work (after
common minor illnesses) [6] and only 59% of the working age population are in work [7]. The
personal burden of CMP is also substantial with many individuals experiencing moderate to
severe disability [8], poorer quality of life [9], and higher risk of chronic diseases including car-
diovascular disease, diabetes and cancer [10]. Despite the United Kingdom (UK) National
Health Service spending £5 billion every year on treating musculoskeletal (MSK) pain [6], the
prevalence of CMP is rising [11]. These points illustrate the huge burden on individuals and
society and suggest that current healthcare management of CMP may benefit from a refined
approach.

Acute episodes of MSK pain are a common experience across individuals where pain and
dysfunction typically subsides within three months coinciding with healing of injured or irri-
tated MSK structures [12]. The mechanisms of CMP are different to acute pain in that pain
exists despite there no longer being evidence of ongoing healing, but rather due to a sensitised
nervous system that creates a continued or repeated experience of pain despite no evidence of
actual or potential tissue damage [13, 14]. This transition from acute to chronic MSK pain is
associated with the presence of many biopsychosocial factors such as fear avoidance, low
mood, and work satisfaction or strain [15-17]. Despite this, healthcare services conventionally
utilise approaches to treat CMP based on understandings of acute MSK pain, with focus often
on identifying and treating perceived injured or irritated MSK structures. This does not take
into account the complexity of CMP; rather, these approaches are grounded in simple mecha-
nistic theories (e.g., debridement of degenerative joints) and traditional observational evidence
[18]. However, contemporary higher quality research, such as randomised placebo-controlled
trials, demonstrates that many approaches based on treating MSK structures in CMP are no
better than placebo with many common orthopaedic surgeries now known to be only equally
as efficacious as sham surgery [19, 20]. Furthermore, many of the changes observed through
radiographic imaging previously thought to explain CMP are now known to be highly preva-
lent in people with no history of pain [21, 22]. These points demonstrate that purely structural
based approaches to managing CMP are simplistic.
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Despite these advancing understandings, many clinicians still employ MSK structural based
approaches to treating CMP [23] with biopsychosocial approaches typically only endorsed
after these have been unsuccessful [24]. But CMP is difficult to treat once it is established and
therefore biopsychosocial approaches used at this late stage may be of limited benefit. How-
ever, if utilised during acute MSK pain, it is possible that biopsychosocial approaches could
prevent development of CMP. This theory is informed by many prospective longitudinal stud-
ies summarised by systematic reviews which identifies a number of biopsychosocial factors
that are present during acute MSK pain and associated with transition to CMP [16, 25, 26].
Early identification of these factors would provide the opportunity for proactive, preventative
healthcare approaches; a strategy that works well for other chronic diseases such as heart dis-
ease [27] and diabetes [28].

To inform proactive biopsychosocial management aimed at preventing CMP, a clear under-
standing of the biopsychosocial factors that contribute to its development is needed. There are
anumber of systematic reviews which have investigated this for specific MSK conditions (e.g.,
back pain), however many of the biopsychosocial factors identified are not related to a condi-
tion but rather are characteristics of the person and/or their experience of pain (e.g., fear
avoidance, severe pain etc). It is therefore possible that these biopsychosocial factors transcend
specific forms of MSK pain (e.g., back pain) and are relevant for all types of MSK pain, but this
is not clear from existing evidence. It is therefore timely to perform an umbrella review to
aggregate findings of systematic reviews of biopsychosocial factors associated with develop-
ment of CMP that are relevant for all MSK conditions.

Methods

Aim

The aim of this umbrella review was to identify which biopsychosocial factors are associated
with development of CMP.

Design

An umbrella review informed by the Joanna Briggs Institute Manual for Evidence Synthesis of
Umbrella Reviews [29] and the Cochrane handbook for the conduct of systematic reviews
[30], registered in PROSPERO (CRD42020193081) and protocol published a priori [31], is
reported in adherence to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist [32] (see S1 File).

Eligibility criteria
Inclusion criteria.
« Population: adults (>18) with <3 months of MSK pain.
« Exposure: individuals’ experience of any biopsychosocial factors (e.g., smoking).

« Comparator: individuals who do not experience the biopsychosocial factor under investiga-
tion (e.g., non-smoker).

« Outcome: MSK pain >3 months identified through any patient reported outcome measure.

o Study designs: systematic reviews, with or without meta-analysis, of observational prospec-
tive longitudinal studies (the gold standard for epidemiological research [33]). Original stud-
ies included in reviews must have been at least three months in duration with no limitations
on the study setting.
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Exclusion criteria. Systematic reviews which include interventional studies (e.g., factors
associated with successful surgery), populations with other plausible explanations for CMP
(e.g., autoimmune disorders), injuries where tissue healing may be incomplete at three months
(e.g., fractures), draw body region specific conclusions which are not generalisable to the
wider CMP population (e.g., a bony heel spur), pool data with non-MSK chronic pain popula-
tions (e.g., cancer related pain), and systematic reviews where the full text was not available in
the English language. No limitations were placed on eligibility based on review quality or that
of included original studies.

Information sources

We searched MEDLINE, EMBASE, Web of Science Core Collection, PEDro, CINAHL, Psy-
cINFO, Cochrane database for systematic reviews, the Database of Abstracts of Reviews of
Effects, Google Scholar, the PROSPERO register. There was no limitation on search dates with
final searches performed on 4™ April 2023. Grey literature was searched using the Canadian
Agency for Drugs and Technologies in Health grey literature searching tool. To ensure litera-
ture saturation, reference lists of included studies or relevant reviews identified through the
search were also screened for potentially eligible systematic reviews. See S1 Table for our
search strategy designed with Ovid MEDLINE.

Screening and selection

Two reviewers (MD & JM) independently performed searches and screened titles and abstracts
for consideration of full text review using EndNote X9.3.3. Full texts were then sourced and
discussed for eligibility of inclusion, with any disagreements referred to a third reviewer (NH).
Reviewers were not blinded to the journal titles, study authors or institutions. Reasons for
excluding reviews were recorded.

Data extraction

Two reviewers (MD & JM) independently extracted data. Data was extracted using a standard-
ised proforma which was piloted a priori [31] and included review and population characteris-
tics, sample size, biopsychosocial factor details, length of follow-up, and any relevant
quantitative or descriptive findings. Data were not extracted from primary research studies but
from included reviews only [29]. Review authors were contacted where data were unclear or
missing.

Risk of bias

Two reviewers (MD & JM) independently performed risk of bias assessment using the Assess-
ing the Methodological Quality of Systematic Reviews (AMSTAR) 2 checklist [34] and based
on this rated reviews as low, moderate or high risk of bias, with any disagreements referred to
a third reviewer (NH). Where included review authors performed risk of bias assessments of
primary studies, these were synthesised to provide an overall rating of the risk of bias of pri-
mary studies that support each biopsychosocial factor (see Table 1).

Statistical analysis and data synthesis

Meta-analysis was performed using SPSS 29.0.0.0 where at least two synthesisable sets of quan-
titative results were reported for the same factor. Effect sizes and 95% confidence intervals
were extracted from included reviews. In line with Cochrane Handbook guidance [30], ratio
effect sizes were converted to the natural log scale with standard errors computed from 95%
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Table 1. Risk of bias rating of primary studies for each biopsychosocial factor.

Risk of Bias of Primary Studies

Low >75% of studies rated as low risk of bias, or consistent findings across studies and at least 2 low risk of
bias studies

Moderate | Fails to fulfil low risk of bias criteria, and >50% of studies rated as low or moderate risk of bias

High Fails to fulfil low risk of bias criteria, and >50% of studies rated as high risk of bias, or no risk of bias
assessment performed by the included review

Adapted from Burgess et al. (2020) [35]

https://doi.org/10.1371/journal.pone.0294830.t001

confidence intervals. A DerSimonian and Laird inverse variance random effects method was
used to compute pooled effect sizes, 95% confidence intervals, Z-value and P-value of statistical
significance. Forest plots of findings are presented on the natural log scale (where the number
of null effect is 0 rather than 1) to ensure symmetrical representation of 95% confidence inter-
vals [30]. Effect sizes presented in text, tables, and other figures are not presented on the natu-
ral log scale to ensure ease of understanding and interpretation for all stakeholders. Where
possible, meta-analysis of meta-analyses was performed. Some reviews did not perform meta-
analyses but did present synthesisable quantitative findings from primary studies. In this case,
a meta-analysis of these findings was performed. Where reviews present both unadjusted and
adjusted effect sizes (e.g., for publication bias), the adjusted effect size was used. If there was
only one meta-analysis finding and therefore further meta-analysis was not possible, we pre-
sented the meta-analysis performed by the primary review in text, figures and tables. A
descriptive synthesis was also performed for all findings incorporating findings from all
reviews including those not included in meta-analysis.

Grading of Recommendations Assessment, Development and Evaluation
(GRADE)

GRADE is a well-established tool commonly used within systematic reviews to determine cer-
tainty of findings, and has been recommended for use with umbrella reviews [36]. To the best
of the authors knowledge there is no published guidance for application of GRADE in
umbrella reviews, therefore, existing guidance for assessing the five domains of GRADE in
reporting the certainty of evidence of prognostic factors were adapted for the purpose of
umbrella reviews in collaboration with the lead author of existing GRADE guidance [37]. See
S2 File for an overview of GRADE methods used. It was not possible to perform GRADE
assessment in instances where factors were supported by only one included review.

Assessment of publication bias was planned with Egger’s regression test and visual inspec-
tion of a funnel plot, however this was not appropriate due to the number of effect sizes
included in each meta-analysis falling below the recommended 10 required for this method
[30]. Publication bias was therefore assessed for each included review and biopsychosocial fac-
tor in line with Cochrane guidance for umbrella reviews [38] (see S2 File).

Results

A total of 10,374 studies were screened, with 209 full text articles evaluated for eligibility and
13 systematic reviews included [39-51] summarising 185 primary studies. The number of
studies retrieved from each database and the number excluded at each phase of screening and
reasons for exclusion are shown in Fig 1. The study characteristics of included reviews are pro-
vided in S2 Table.
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Records identified from:
Medline (n=1902)
EMBASE (n=3259)
Psyclnfo (n=274)

Web of Science (n=1280)
CINAHL (n=1745)
Cochrane (n=237)

DARE (n=759)

Pedro (n=918)

Total = 10,374

Identification

Records removed before
screening:
Duplicate records
removed (n=2902)

Additional records identified
through reference screening
and grey literature

(n=27)

Records screened
(n=7499)

A 4

Records excluded based on
title and abstract
(n=7290)

Full reports retrieved
(n=209)

Screening

\ 4

Reports assessed for
eligibility
(n=209)

Studies included in review
(n=13)

Included

\

Fig 1. PRISMA flow diagram.
https://doi.org/10.1371/journal.pone.0294830.9001

Reports excluded: n = 196

Did not fulfil inclusion criteria (PICOS)
Included non-humans (n=1)
Participants aged <18 (n=2)
Did not investigate biopsychosocial factors (n=1)
Length of follow up <3 months (n=3)
CMP present at baseline (n=15)
Did not assess for CMP as an outcome (n=4)
Not prospective longitudinal design (n=67)
Prospective longitudinal studies pooled with other
study designs (n=62)
Not a systematic review (n=5)

Exclusion criteria
Includes interventional studies (n=12)
Populations with high risk of poor tissue healing
(n=0)
Includes injuries where tissue healing may not be
complete at three months (n=1)
Draws body region specific conclusions which are
not generalisable to wider CMP population (n=3)
Pools data with non-MSK chronic pain populations
(n=13)
Potential systemic drivers of CMP (n=3)
Does not include an appropriate comparator (n=2)
Full text not available in English language (n=2)

The biopsychosocial factors associated with development of CMP

A total of 92 biopsychosocial items were identified and grouped into 35 biopsychosocial fac-
tors. Thirty-four biopsychosocial factors identified are associated with development of CMP,
with high body mass index the only factor not associated with development of CMP. The find-
ings have been situated within five overarching domains which can be screened and targeted
for intervention in clinical practice: physical health (3 factors), psychological (10 factors),
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Table 2. Meta-analyses findings.

psychosocial (10 factors), symptoms or experiences at or near onset (9 factors), and demograph-
ics (2 factors). Domains and factors were identified by co-authors who are practicing primary
care clinicians in the UK NHS (MD & JM). To ensure ease of applicability of findings, a defini-
tion for each biopsychosocial domain and factor has been provided based on a synthesis of defi-
nitions/descriptions or outcome measures used by included reviews, available in S3 Table.

Data synthesis

Meta-analysis was possible for 25 factors with odds ratios and/or likelihood ratios. Full details
are available in Table 2 and a forest plot representation is available in Fig 2. Of these, 13 odds
ratios and 13 likelihood ratios demonstrate statistical significance (P<0.05). A summary of
findings including GRADE assessment is available in Table 3. A descriptive synthesis of

Meta-analysis of meta-analyses (OR) Studies Sample OR (95% CI) zZ P
Lower job satisfaction 39 57,794 1.43 (1.25-1.63) 5.37 <0.001
Higher job demands 77 115,148 1.25 (1.15-1.35) 5.45 <0.001
Lower job control 54 82,892 1.28 (1.20-1.37) 7.53 <0.001
Poorer support networks 69 94,954 1.21 (1.14-1.29) 6.33 <0.001
Lower socioeconomic status 8 11,293 2.00 (1.64-2.42) 6.95 <0.001
Female sex/gender 20 6762 1.43 (1.13-1.81) 3.01 0.003
History of the same MSK pain 18 4803 1.24 (0.73-2.12) 0.80 0.426
Meta-analysis (OR)

Post-trauma stress symptoms 7 1695 1.92 (1.37-2.69) 3.776 <0.001
Catastrophising 3 277 3.99 (1.33-10.74) 2.49 0.01
Poorer recovery expectations 6 2514 2.72 (1.68-4.35) 4.09 <0.001
Lower job security 8 11,817 1.43 (1.16-1.76) 2.33 <0.01
High levels of pain at or near onset 11 2856 5.61 (3.74-8.43) 8.31 <0.001
Concomitant pain 3 637 1.83 (1.25-2.67) 3.10 <0.001
Disturbed sleep since onset 3 570 2.96 (0.97-9.04) 1.90 0.06
Cold hyperalgesia 3 315 1.36 (0.91-2.05) 1.50 0.133
Higher age 12 2347 1.00 (0.97-1.04) 0.07 0.94
Higher BMI 3 559 1.24 (0.71-2.19) 0.76 0.45
Smoking 4 38,188 1.24 (1.14-1.34) 5.120 <0.001
Meta-analysis (LR-/LR+) Studies Sample LR- (95% CI) Z P LR+ (95% CI) zZ P
Fear avoidance 5 4621 0.50 (0.35-0.71) -3.95 <0.001 2.11 (1.59-2.80) 5.20 <0.001
Poorer psychological health 7 6200 0.77 (0.70-0.85) -5.34 <0.001 1.92 (1.67-2.18) 9.50 <0.001
Somatisation 3 2945 0.63 (0.48-0.82) -3.37 <0.001 2.56 (1.72-3.82) 4.60 <0.001
Lower job satisfaction 5 1888 0.95 (0.90-1.01) -1.61 0.108 1.35 (1.05-1.74) 2.32 0.020
Higher job demands 4 4059 0.86 (0.82-0.91) -5.35 <0.001 1.30 (1.12-1.51) 3.44 <0.001
Lower socioeconomic status 10 7008 0.78 (0.68-0.90) -3.49 <0.001 1.06 (1.02-1.10) 2.74 0.006
Financial compensation 7 2786 0.87 (0.80-0.95) -3.23 0.001 1.48 (1.24-1.76) 4.38 <0.001
High levels of pain at or near onset 8 6260 0.51 (0.38-0.68) -4.55 <0.001 1.69 (1.39-2.04) 5.34 <0.001
Higher levels of functional impairment 8 6888 0.40 (0.26-0.61) -4.28 <0.001 1.88 (1.40-2.51) 4.22 <0.001
Female sex/gender 16 8470 0.92 (0.85-0.99) -2.19 <0.029 1.14 (1.04-1.26) 2.78 0.005
Higher age 10 4899 0.94 (0.89-1.00) -0.21 0.036 1.12 (1.01-1.24) 2.16 0.031
Poorer general health 7 5431 0.84 (0.77-0.91) -4.22 <0.001 1.51 (1.27-1.80) 4.68 <0.001
High BMI 3 2237 1.02 (0.90-1.16) 0.31 0.754 0.91 (0.73-1.14) -0.81 0.418
Smoking 6 3007 0.91 (0.86-0.96) -3.40 <0.001 1.18 (1.08-1.30) 3.64 <0.001
History of the same MSK pain 9 3902 0.84 (0.72-0.98) -2.24 0.025 1.08 (1.02-1.15) 2.45 0.014
https://doi.org/10.1371/journal.pone.0294830.t002
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Meta-analysis of meta-analyses (OR)

Poorer support networks
Higher job demands

History of the same MSK pain
Lower job control

Femal sex/gender

Lower job satisfaction
Lower socioeconomic status
Meta-analysis (OR)

Higher age

Smoking

High BMI

Cold hyperalgesia

Lower job security
Concomitant pain
Post-trauma stress symptoms
Poorer recovery expectations
Disturbed sleep since onset
Catastrophising

High levels of pain at or near onset

Meta-analysis (LR-/LR+)
High BMI

Lower socioeconomic status
History of the same MSK pain
Higher age

Female sex/gender
Smoking

Higher job demands

Lower job satisfaction
Financial compensation
Poorer general health

High levels of pain at or near onset
High levels of functional impairment ———&———

Poorer psychological health
Fear avoidance
Somatisation
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Fig 2. Forest plot of meta-analyses on the natural log scale. Presented on the natural log scale, where the number of null effect is 0 rather
than 1, to ensure symmetrical representation of upper and lower 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0294830.9002

findings for each factor is presented in S4 Table. Eleven factors were supported by only one
included review and therefore GRADE assessment and descriptive synthesis was not possible

for these factors. See S5 Table for the primary data we used for all meta-analyses we

performed.

Risk of bias

Risk of bias assessment with AMSTAR-2 revealed that one review was low risk of bias [42] and
12 were high risk of bias [39-41, 43-51]. See S6 Table for full rating details. The main concerns
were lack of a priori protocol registration/design [39, 41, 43-45, 47, 48, 50, 51], no justification
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Table 3. GRADE evidence profile and summary of findings.

Ne of GRADE certainty assessment Summary Meta-analysis GRADE

reviews | pick of Inconsistency | Indirectness Imprecision | Publication Ne of RoB of | Type of MSK pain/ (95% CI) level'of

(NQ_Of bias bias participants | primary condition Certainty

studies) studies
Smoking (physical health factors)
2(10) Not Not serious | Not serious | Not serious Serious 41,195 Low Lower back, neck OR 1.24 (1.14- DDOPO
serious 1.34); LR+ 1.18 Moderate
(1.08-1.3); LR-
0.91 (0.86-0.96)
Fear avoidance (psychological factors)
3(9) Serious | Not serious | Notserious | Notserious | Not serious 5208 Low Lower back, LR+ 2.11 (1.59- DPPO
shoulder 2.8); LR- 0.5 Moderate
(0.35-0.71)
Poorer support networks (psychosocial factors)

3(71) Serious | Not serious | Not serious | Not serious | Not serious 95,738 Low Lower back, neck | OR* 1.21 (1.14- DODO
and/or shoulder, 1.29) Moderate
upper extremity,
lower extremity,

shoulder
Lower socioeconomic status (psychosocial factors)
4(23) Serious | Not serious | Not serious | Not serious | Not serious 44,968 Low Neck, lower back, OR*2.0 (1.64— DODO
shoulder 2.42); LR+ 1.06 | Moderate
(1.02-1.1); LR-
0.78 (0.68-0.90)
High levels of pain at or near onset (symptoms or experiences at or near onset)
3(22) Serious | Not serious | Notserious | Notserious | Not serious 9394 Low Lower back, OR 5.61 (3.74- DOPO
whiplash associated | 8.43); LR+ 1.69 | Moderate
disorder (1.39-2.04); LR-
0.51 (0.38-0.68)
Poorer general health (physical health factors)
2(9) Very Not serious | Not serious | Not serious | Not serious 6409 Low Lower back LR+ 1.51 (1.27- DPOO
serious 1.8); LR- 0.84 Low
(0.77-0.91)
Somatisation (psychological factors)
3(8) Serious | Not serious | Not serious | Not serious Serious 4742 Low Lower back, LR+ 2.56 (1.72- PPOS
Moderate shoulder 3.82); LR- 0.63 Low
(0.48-0.82)
Poorer psychological health (psychological factors)
3 (14) Very Not serious | Not serious | Not serious | Not serious 9092 Low Lower back LR+ 1.92 (1.67- dPcO
serious 2.18); LR- 0.77 Low
(0.7-0.85)
Stress (psychological factors)
2(2) Serious | Not serious | Not serious Serious Not serious 110 High Neck, lower back N/A PSSO
Low
Lower job satisfaction (psychosocial factors)
3 (48) Very Not serious | Not serious | Not serious | Not serious 61,835 Low Lower back, neck | OR* 1.43 (1.25- DOOO
serious and/or shoulder, 1.63); LR+ 1.35 Low
upper extremity, | (1.05-1.74); LR-
lower extremity 0.95 (0.9-1.01)
Financial compensation (psychosocial factors)
2 (11) Very Not serious | Not serious | Not serious | Not serious 6085 Low Lower back LR+ 1.48 (1.24- DPCO
serious 1.76); LR- 0.87 Low
(0.8-0.95)
Concomitant pain (symptoms or experiences at or near onset)
(Continued)
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Table 3. (Continued)

Ne of GRADE certainty assessment Summary Meta-analysis GRADE
reviews | pick of Inconsistency | Indirectness Imprecision | Publication Ne of RoB of | Type of MSK pain/ (95% CI) level'of

(Ng'(’f bias bias participants | primary condition Certainty
studies) studies

2 (4) Serious | Not serious | Not serious | Not serious Serious 547 Moderate Lower back, OR 1.83 (1.25- DOOO
whiplash associated 2.67) Low

disorder
Higher levels of functional impairment at onset (symptoms or experiences at or near onset)
2 (16) Very Not serious | Not serious | Not serious | Not serious 11,654 Low Lower back LR+ 1.88 (1.4~ DOOO
serious 2.51); LR- 0.4 Low
(0.26-0.61)
Time off work (symptoms or experiences at or near onset)
2(7) Serious | Not serious | Not serious Serious Not serious 4681 Moderate Lower back, N/A DPOO
shoulder Low
History of the same MSK pain (physical health factors)
4(30) Serious Serious Not serious Serious Serious 9292 Moderate Lower back, OR* 1.24 (0.73- DOOO
whiplash associated | 2.12); LR+ 1.08 | Verylow
disorder, shoulder | (1.02-1.15); LR-
0.84 (0.72-0.98)
High BMI (not associated) (physical health factors)
2(7) Serious | Not serious | Not serious Serious Not serious 2796 Low Lower back, OR 1.24 (0.71- DOOO
whiplash associated 2.19) Very low
disorder LR+ 0.91 (0.73-
1.14); LR- 1.02
(0.9-1.16)
Depression (psychological factors)
2(5) Serious | Not serious Serious Serious Not serious 917 Moderate Lower back, N/A DPOSO
shoulder Very low
Catastrophising (psychological factors)

3(7) Serious | Not serious | Not serious Serious Serious 1050 Moderate Lower back, OR 3.99 (1.33- DOOO
shoulder, whiplash 10.74) Very low
associated disorder

Poorer coping strategies (psychological factors)
2(7) Serious | Not serious Serious Serious Serious 1875 Moderate Lower back, N/A DO
shoulder Very low
Higher job demands (psychosocial factors)
4 (75) Very Not serious Serious Not serious | Not serious 110, 609 Low Lower back, neck | OR* 1.25 (1.15- DOOO
serious and/or shoulder, 1.35); LR+ 1.3 Very low
upper extremity, (1.12-1.51); LR-
shoulder 0.86 (0.82-0.91)
Lower job control (psychosocial factors)
2 (48) Very Not serious Serious Not serious | Not serious 74,200 High Lower back, neck OR*1.28 (1.2— DOOO
serious and/or shoulder, 1.37) Very low
upper extremity,
lower extremity,
shoulder
Making physical compensations (symptoms or experiences at or near onset)
2 (5) Serious Serious Serious Serious Not serious 167 High Lower back, N/A DOOO
shoulder Very low
Female sex/gender (demographic factors)
4 (38) Serious Serious Serious Not serious | Not serious 15,982 Moderate Lower back, OR*1.43 (1.13- POSO
whiplash associated | 1.81); LR+ 1.14 | Verylow
disorder (1.04-1.26); LR-
0.92 (0.85-0.99)
Higher age (demographic factors)
(Continued)
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Table 3. (Continued)

Ne of GRADE certainty assessment Summary Meta-analysis GRADE
reviews | Rick of Inconsistency | Indirectness Imprecision | Publication Ne of RoB of Type of MSK pain/ (95% CI) level'of
(NQ'Of bias bias participants | primary condition Certainty
studies) studies
4(26) Serious Serious Not serious Serious Not serious 34,802 Moderate Lower back, OR 1.0 (0.97- DOOO
shoulder, whiplash | 1.04); LR+ 1.12 | Verylow
associated disorder | (1.01-1.24); LR-
0.94 (0.89-1.0)
Post trauma stress symptoms (psychological factors)
1(7) N/A N/A N/A N/A N/A 1695 Low Whiplash OR1.92 (1.37- N/A
associated disorder 2.69)
Stressful childhood experiences (psychological factors)
1(1) N/A N/A N/A N/A N/A 9552 High Lower back N/A N/A
Poorer recovery expectations (psychological factors)
1(6) N/A N/A N/A N/A N/A 2514 Low Lower back OR 2.72 (1.68- N/A
4.35)
Lower job security (psychosocial factors)
1(8) N/A N/A N/A N/A N/A 11,817 High Lower back OR 1.43 (1.16- N/A
1.76)
Higher domestic responsibilities (psychosocial factors)
1(2) N/A N/A N/A N/A N/A Not stated High Lower back N/A N/A
Dissatisfaction during leisure activities (psychosocial factors)
1(1) N/A N/A N/A N/A N/A Not stated High Lower back N/A N/A
Being divorced or widowed without children (psychosocial factors)
1(1) N/A N/A N/A N/A N/A Not stated High Lower back N/A N/A
Disturbed sleep since onset (symptoms or experiences at or near onset)
1(3) N/A N/A N/A N/A N/A 570 Moderate Whiplash OR 2.96 (0.97- N/A
associated disorder 9.04)
Cold hyperalgesia (symptoms or experiences at or near onset)
1(6) N/A N/A N/A N/A N/A 443 High Whiplash OR 1.36 (0.91- N/A
associated disorder 2.05)
Sudden onset (symptoms or experiences at or near onset
1(1) N/A N/A N/A N/A N/A Not stated High Lower back N/A N/A
Lack of energy (symptoms or experiences at or near onset)
1(1) N/A N/A N/A N/A N/A Not stated High Lower back N/A N/A

https://doi.org/10.1371/journal.pone.0294830.t003

for excluding studies [39, 41, 43, 47, 48], inadequate/no assessment of risk of bias of primary
studies [41, 43, 45, 48] or did not consider risk of bias in interpretation of findings [41, 43, 45,
47-49]. Risk of bias assessment of the summarised primary studies revealed 40% are low risk
of bias, 26% are moderate, and 34% are high risk of bias.

GRADE certainty of evidence

There is moderate certainty evidence that smoking, fear avoidance, poorer support networks,
lower socioeconomic status, and high levels of pain at or near onset, are associated with devel-
opment of CMP (all P<0.001). There is low certainty evidence that poorer general health,
somatisation, poorer psychological health, lower job satisfaction, financial compensation, con-
comitant pain, and higher levels of functional impairment (all P<0.001); as well as stress and
time off work (supported by descriptive synthesis only). Remaining factors are very low cer-
tainty. The main reason for downrating evidence was high risk of bias of reviews (see Table 3).
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Smoker
OR 1.24

Poorer

Catastrophising support
OR 3.99 networks

OR 1.21
Combined
OR 10.05

High levels Lower
of pain OR socioeconomic

561 status OR 2.0

Fig 3. Theoretical combined odds ratio for development of CMP. Based on risk aggregation methods [69]. Formula:
(OR) + (OR) + (OR) + (OR) + (OR)—-(total number of odds ratios) + 1.0.

https://doi.org/10.1371/journal.pone.0294830.9003

Discussion

To the best of the authors knowledge, this umbrella review is the largest synthesis of research
of biopsychosocial factors that contribute to development of CMP. This review also provides
the first published guidance of how to apply GRADE for the purpose of an umbrella review.
GRADE is widely considered as a best practice framework which provides a systematic
approach to determine the quality of evidence and making clinical practice recommendations.
Despite this, it has not been routinely adopted for use in umbrella reviews, likely because no
clear methodological guidance exists. Our Methods for Application of GRADE for an Epide-
miological Umbrella Review (S2 File) seeks to reconcile this discrepancy between systematic
and umbrella reviews and may serve as guidance for future umbrella reviews.

The key findings of this umbrella review are that there is moderate level evidence that
smoking, fear avoidance, poorer support networks, lower socioeconomic status, and high lev-
els of pain at or near onset are associated with development of CMP. These findings are perti-
nent to a great number of stakeholders worldwide including healthcare policymakers, clinical
decision makers, researchers, patients and the public. CMP is the leading cause of disability
globally [52] with substantial impact on quality of life for individuals, and loss of productivity/
burden on healthcare services and society [6, 9]. The 34 biopsychosocial factors identified
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within this review that contribute to development of CMP are not related to a specific MSK
condition, but rather are characteristics of the person or their experience with pain. These
characteristics and experiences often exist independently of any structural ‘abnormality’ that
may have been diagnosed and targeted as part of condition-centred management approaches.
This suggests that traditional understandings of mechanisms of MSK pain, its management,
and its chronicity, are likely an oversimplification of an evidently complex phenomenon. This
may explain why MSK condition-centred approaches conventionally utilised by healthcare
services are proving inadequate, with the prevalence and burden of CMP rising [2, 11].

CMP may be explained by alterations of the nociceptive pain systems leading to continued
or repeated experience of pain even with little or no evidence of potential or actual tissue dam
age; this is termed ‘nociplastic pain’ [53]. This arises due to functional and anatomical alter-
ations within the central nervous system whereby there a shift of activity from the

somatosensory cortex to the corticolimbic system [54]. This area of the brain is important for
emotional contextualisation, reward anticipation, stress response, decision making, memory
modulation, and movement behaviours [55-57]. These functions are utilised to scrutinise
nociceptive and sensory input and establishing protective behaviours such as fear, stress, and
avoidance in response [57-60]. Further to this, the body’s natural pain-relieving mechanisms
such as descending inhibition are diminished [61] with increased neurotransmission of noci-
ceptive action potentials at the dorsal horn (central sensitisation) [62] and increased produc-
tion of sensitising chemical mediators at both the dorsal horn and peripheral nociceptive
nerve endings (peripheral sensitisation) [62, 63], thus facilitating a nervous system which is
wholly sensitised and geared towards efficiently and frequently producing the experience of
pain-CMP. This may explain how sham interventions work to improve CMP if, for example,
this creates a positive emotional experience for patients such as hopefulness and reassurance
within the corticolimbic system [64], reducing stress responses and increasing reward antici-
pation [65, 66]; thus re-activating descending inhibition [67] and shifting away from the
increased perception of threat. Recognition of these nociplastic mechanisms and the biopsy-
chosocial factors that perpetuate them (as identified within this review) presents an opportu-
nity for healthcare services to better manage people with MSK pain. However, the efficacy of
such approaches are likely to be highly influenced by patients beliefs about the cause of their
MSK pain which, given traditional healthcare approaches, are likely to be condition-centred. A
widescale shift toward patient-centred management and away from condition-centred
approaches may therefore be beneficial to better managing CMP.

Meta-analysis was possible for 25 biopsychosocial factors with effect sizes/magnitude of
effect possibly perceived as small for most biopsychosocial factors [68]. However, it is unlikely
that one overarching factor leads to development of CMP for affected individuals, but rather
the combination of multiple factors. Risk aggregation methods, whereby the overall risk is con-
sidered the sum of individual risks [69], can be utilised to demonstrate a theoretical example of
the combined odds of developing CMP in the presence of multiple biopsychosocial factors (see
Fig 3). In this example, five common biopsychosocial factors are combined creating an aggre-
gated odds ratio of 10.05 for development of CMP, which is considered a very large increase in
risk [68]. This combination of factors is reflective of many individuals who may present to
healthcare settings with MSK pain who, based on our combined odds ratio, may be over 10
times more likely to develop CMP than an individual who does not share this presentation.
The presence of many of these factors will be influenced by the unique backgrounds, experi-
ences and beliefs of individuals. This further demonstrates the need for person-centred assess-
ment and management approaches.
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Strengths and limitations

The main strengths are that the protocol for this research was designed, peer reviewed, and
published a priori [31], the methods used are underpinned by validated frameworks such as
Cochrane/Joanna Briggs guidance and the PRISMA checklist for design and reporting
research, certainty of evidence was established through GRADE; and this umbrella review ful-
fils ‘high confidence in findings’ criteria of AMSTAR-2. There are also limitations which
require consideration. Many of the identified biopsychosocial factors are of low to very low
certainty evidence, mostly due to risk of bias of reviews. However, this is not a reflection of the
quality of included primary studies of which 66% were low to moderate risk of bias. Further-
more, 141 potentially eligible reviews retrieved for full text screening were excluded due to the
inclusion of methods such as cross sectional or case control designs. These methods are ill
equipped to distinguish between cause and effect [70] and therefore are not appropriate for
determining factors that contribute to development of CMP, rather than caused by CMP.

Recommendations for further research

This umbrella review highlights high risk of bias within existing systematic reviews which seek
to identify factors that contribute to development of CMP and therefore further systematic
reviews are required to improve upon the certainty of findings presented. Future systematic
reviews should be informed by validated published guidance and should use observational
studies of prospective longitudinal cohorts only to ensure synthesis of reliable findings.

Conclusion

Findings identified 34 biopsychosocial factors associated with development of CMP, and one
factor that was not associated. These findings are situated within five domains: physical health,
psychological factors, psychosocial factors, symptoms or experiences at or near onset, and
demographics. Smoking, fear avoidance, poorer support networks, lower socioeconomic sta-
tus, and high levels of pain at or near onset are supported by moderate certainty evidence.
Although the remaining factors identified are of low to very low certainty evidence, many of
these findings are compelling due to the consistency of findings across included reviews and
low to moderate risk of bias of primary studies for most factors. The factors associated with
development of CMP are in keeping with nociplastic mechanisms of pain and support the
need for a paradigm shift in healthcare management of CMP with less focus on MSK struc-
tures and more focus on broader biopsychosocial health. As such, it would be sensible for pol-
icymakers and clinical decision makers to incorporate these findings into clinical practice by
adopting a more person-centred than condition-centred approach to assessing and treating
people with MSK pain. However, further high-quality systematic reviews are recommended to
increase certainty of evidence of these findings.

Supporting information

S1 File. PRISMA checklist.
(DOCX)

S2 File. GRADE guidance.
(DOCX)

S1 Table. Search strategy.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0294830  April 1, 2024 14/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294830.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294830.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294830.s003
https://doi.org/10.1371/journal.pone.0294830

PLOS ONE

The biopsychosocial factors associated with development of chronic musculoskeletal pain

S2 Table. Review characteristics.
(DOCX)

S3 Table. Definitions of domains and factors.
(DOCX)

S4 Table. Descriptive synthesis.
(DOCX)

S5 Table. Primary data used in meta-analysis.
(DOCX)

S6 Table. AMSTAR-2 risk of bias assessment.
(DOCX)

Acknowledgments

Stephen Reid, Liaison Librarian at St. George’s University of London provided expert feedback
and guidance on the design of our literature search strategy. Dr Farid Foroutan is the lead
author of GRADE guidance for prognostic factors in systematic reviews and provided invalu-
able feedback for our adaptation of GRADE guidelines for this umbrella review.

Author Contributions
Conceptualization: Michael Dunn, Alison B. Rushton, Andrew Soundy, Nicola R. Heneghan.

Data curation: Michael Dunn.

Formal analysis: Michael Dunn, Alison B. Rushton, Jai Mistry, Andrew Soundy, Nicola R.
Heneghan.

Investigation: Michael Dunn, Jai Mistry.

Methodology: Michael Dunn, Alison B. Rushton, Jai Mistry, Andrew Soundy, Nicola R.
Heneghan.

Supervision: Alison B. Rushton, Andrew Soundy, Nicola R. Heneghan.
Visualization: Michael Dunn, Alison B. Rushton, Andrew Soundy, Nicola R. Heneghan.
Writing - original draft: Michael Dunn.

Writing - review & editing: Michael Dunn, Alison B. Rushton, Jai Mistry, Andrew Soundy,
Nicola R. Heneghan.

References

1. Treede R-D, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, et al. A classification of chronic pain for
ICD-11. PAIN. 2015; 156(6):1003-7. https://doi.org/10.1097/j.pain.0000000000000160 PMID:
25844555-201506000-00006.

2. World Health Organisation. Musculoskeletal Health Fact Sheets. Available at: https://www.who.int/
news-room/fact-sheets/detail/musculoskeletal-conditions (accessed 16/05/2023). 2022.

3. Andersson HI. The course of non-malignant chronic pain: a 12-year follow-up of a cohort from the gen-
eral population. Eur J Pain. 2004; 8(1):47-53. Epub 2003/12/24. https://doi.org/10.1016/S1090-3801
(03)00064-8 PMID: 14690674.

4. Elliott AM, Smith BH, Hannaford PC, Smith WC, Chambers WA. The course of chronic pain in the com-

munity: results of a 4-year follow-up study. PAIN. 2002; 99(1):299-307. https://doi.org/10.1016/s0304-
3959(02)00138-0 PMID: 12237208-200209000-00031.

PLOS ONE | https://doi.org/10.1371/journal.pone.0294830  April 1, 2024 15/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294830.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294830.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294830.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294830.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294830.s008
https://doi.org/10.1097/j.pain.0000000000000160
http://www.ncbi.nlm.nih.gov/pubmed/25844555
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://doi.org/10.1016/S1090-3801%2803%2900064-8
https://doi.org/10.1016/S1090-3801%2803%2900064-8
http://www.ncbi.nlm.nih.gov/pubmed/14690674
https://doi.org/10.1016/s0304-3959%2802%2900138-0
https://doi.org/10.1016/s0304-3959%2802%2900138-0
http://www.ncbi.nlm.nih.gov/pubmed/12237208
https://doi.org/10.1371/journal.pone.0294830

PLOS ONE

The biopsychosocial factors associated with development of chronic musculoskeletal pain

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Landmark T, Dale O, Romundstad P, Woodhouse A, Kaasa S, Borchgrevink PC. Development and
course of chronic pain over 4 years in the general population: The HUNT pain study. Eur J Pain. 2018;
22(9):1606—16. Epub 2018/05/14. https://doi.org/10.1002/ejp.1243 PMID: 29754398.

Office for Health Improvement & Disparities. Musculoskeletal health: applying All Our Health. Available
at: https://www.gov.uk/government/publications/musculoskeletal-health-applying-all-our-health/
musculoskeletal-health-applying-all-our-health#: ~:text=MSK%20conditions %20account%20for%
20the,%C2%A35%20billion%20each%20year.&text=The%20pain%20and%20disability%200f,family
%2C%?20s0cial%20and%20working%20life (accessed 16/05/2023). 2022.

Department for Work and Pensions. Labour Force Survey analysis of disabled people by region and
main health problem. Available at: https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/406369/labour-force-survey-disabled-people.pdf (accessed 16/
05/2023). 2015.

Fayaz A, Croft P, Langford RM, Donaldson LJ, Jones GT. Prevalence of chronic pain in the UK: a sys-
tematic review and meta-analysis of population studies. BMJ Open. 2016; 6(6):e010364. https://doi.
org/10.1136/bmjopen-2015-010364 PMID: 27324708

Garnaes KK, Mgrkved S, Salvesen &, Tenne T, Furan L, Grenhaug G, et al. What factors are associ-
ated with health-related quality of life among patients with chronic musculoskeletal pain? A cross-sec-
tional study in primary health care. BMC Musculoskeletal Disorders. 2021; 22(1):102. https://doi.org/10.
1186/s12891-020-03914-x PMID: 33482782

Williams A, Kamper SJ, Wiggers JH, O’'Brien KM, Lee H, Wolfenden L, et al. Musculoskeletal conditions
may increase the risk of chronic disease: a systematic review and meta-analysis of cohort studies. BMC
Medicine. 2018; 16(1):167. https://doi.org/10.1186/s12916-018-1151-2 PMID: 30249247

Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with disability
(YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic analysis for the Global
Burden of Disease Study 2010. The Lancet. 2012; 380(9859):2163-96. https://doi.org/10.1016/S0140-
6736(12)61729-2 PMID: 23245607

International Association for the Study of Pain. Pain terms: a list with definitions and notes on usage.
Recommended by the IASP Subcommittee on Taxonomy. Pain. 1979; 6(3):249. Epub 1979/06/01.
PMID: 460932

Melzack R, Katz J. Pain. WIREs Cognitive Science. 2013; 4(1):1-15. https://doi.org/10.1002/wcs.1201
PMID: 26304172

Puntillo F, Giglio M, Paladini A, Perchiazzi G, Viswanath O, Urits |, et al. Pathophysiology of musculo-
skeletal pain: a narrative review. Ther Adv Musculoskelet Dis. 2021; 13:1759720x21995067. Epub
2021/03/20. https://doi.org/10.1177/1759720X21995067 PMID: 33737965; PubMed Central PMCID:
PMC7934019.

Macfarlane GJ, Pallewatte N, Paudyal P, Blyth FM, Coggon D, Crombez G, et al. Evaluation of work-
related psychosocial factors and regional musculoskeletal pain: results from a EULAR Task Force.
Annals of the Rheumatic Diseases. 2009; 68(6):885. https://doi.org/10.1136/ard.2008.090829 PMID:
18723563

Martinez-Calderon J, Flores-Cortes M, Morales-Asencio JM, Luque-Suarez A. Which Psychological
Factors Are Involved in the Onset and/or Persistence of Musculoskeletal Pain? An Umbrella Review of
Systematic Reviews and Meta-Analyses of Prospective Cohort Studies. The Clinical Journal of Pain.
2020; 36(8):626—37. https://doi.org/10.1097/AJP.0000000000000838 PMID: 32379072-202008000-
00009.

Vargas-Prada S, Coggon D. Psychological and psychosocial determinants of musculoskeletal pain and
associated disability. Best Practice & Research Clinical Rheumatology. 2015; 29(3):374-90. https://doi.
org/10.1016/j.berh.2015.03.003 PMID: 26612236

Harris IA, Sidhu V, Mittal R, Adie S. Surgery for chronic musculoskeletal pain: the question of evidence.
PAIN. 2020; 161. https://doi.org/10.1097/j.pain.0000000000001881 PMID: 33090742

Beard DJ, Rees JL, Cook JA, Rombach I, Cooper C, Merritt N, et al. Arthroscopic subacromial decom-
pression for subacromial shoulder pain (CSAW): a multicentre, pragmatic, parallel group, placebo-con-
trolled, three-group, randomised surgical trial. Lancet. 2018; 391(10118):329-38. Epub 2017/11/25.
https://doi.org/10.1016/S0140-6736(17)32457-1 PMID: 29169668; PubMed Central PMCID:
PMC5803129.

Louw A, Diener |, Fernandez-de-Las-Pefias C, Puentedura EJ. Sham Surgery in Orthopedics: A Sys-
tematic Review of the Literature. Pain Med. 2017; 18(4):736-50. Epub 2016/07/13. https://doi.org/10.
1093/pm/pnw164 PMID: 27402957.

Barreto RPG, Braman JP, Ludewig PM, Ribeiro LP, Camargo PR. Bilateral magnetic resonance imag-
ing findings in individuals with unilateral shoulder pain. J Shoulder Elbow Surg. 2019; 28(9):1699-706.
Epub 2019/07/08. https://doi.org/10.1016/j.jse.2019.04.001 PMID: 31279721.

PLOS ONE | https://doi.org/10.1371/journal.pone.0294830  April 1, 2024 16/19


https://doi.org/10.1002/ejp.1243
http://www.ncbi.nlm.nih.gov/pubmed/29754398
https://www.gov.uk/government/publications/musculoskeletal-health-applying-all-our-health/musculoskeletal-health-applying-all-our-health#:~:text=MSK%20conditions%20account%20for%20the,%C2%A35%20billion%20each%20year.&text=The%20pain%20and%20disability%20of,family%2C%20social%20and%20working%20life
https://www.gov.uk/government/publications/musculoskeletal-health-applying-all-our-health/musculoskeletal-health-applying-all-our-health#:~:text=MSK%20conditions%20account%20for%20the,%C2%A35%20billion%20each%20year.&text=The%20pain%20and%20disability%20of,family%2C%20social%20and%20working%20life
https://www.gov.uk/government/publications/musculoskeletal-health-applying-all-our-health/musculoskeletal-health-applying-all-our-health#:~:text=MSK%20conditions%20account%20for%20the,%C2%A35%20billion%20each%20year.&text=The%20pain%20and%20disability%20of,family%2C%20social%20and%20working%20life
https://www.gov.uk/government/publications/musculoskeletal-health-applying-all-our-health/musculoskeletal-health-applying-all-our-health#:~:text=MSK%20conditions%20account%20for%20the,%C2%A35%20billion%20each%20year.&text=The%20pain%20and%20disability%20of,family%2C%20social%20and%20working%20life
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/406369/labour-force-survey-disabled-people.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/406369/labour-force-survey-disabled-people.pdf
https://doi.org/10.1136/bmjopen-2015-010364
https://doi.org/10.1136/bmjopen-2015-010364
http://www.ncbi.nlm.nih.gov/pubmed/27324708
https://doi.org/10.1186/s12891-020-03914-x
https://doi.org/10.1186/s12891-020-03914-x
http://www.ncbi.nlm.nih.gov/pubmed/33482782
https://doi.org/10.1186/s12916-018-1151-2
http://www.ncbi.nlm.nih.gov/pubmed/30249247
https://doi.org/10.1016/S0140-6736%2812%2961729-2
https://doi.org/10.1016/S0140-6736%2812%2961729-2
http://www.ncbi.nlm.nih.gov/pubmed/23245607
http://www.ncbi.nlm.nih.gov/pubmed/460932
https://doi.org/10.1002/wcs.1201
http://www.ncbi.nlm.nih.gov/pubmed/26304172
https://doi.org/10.1177/1759720X21995067
http://www.ncbi.nlm.nih.gov/pubmed/33737965
https://doi.org/10.1136/ard.2008.090829
http://www.ncbi.nlm.nih.gov/pubmed/18723563
https://doi.org/10.1097/AJP.0000000000000838
http://www.ncbi.nlm.nih.gov/pubmed/32379072
https://doi.org/10.1016/j.berh.2015.03.003
https://doi.org/10.1016/j.berh.2015.03.003
http://www.ncbi.nlm.nih.gov/pubmed/26612236
https://doi.org/10.1097/j.pain.0000000000001881
http://www.ncbi.nlm.nih.gov/pubmed/33090742
https://doi.org/10.1016/S0140-6736%2817%2932457-1
http://www.ncbi.nlm.nih.gov/pubmed/29169668
https://doi.org/10.1093/pm/pnw164
https://doi.org/10.1093/pm/pnw164
http://www.ncbi.nlm.nih.gov/pubmed/27402957
https://doi.org/10.1016/j.jse.2019.04.001
http://www.ncbi.nlm.nih.gov/pubmed/31279721
https://doi.org/10.1371/journal.pone.0294830

PLOS ONE

The biopsychosocial factors associated with development of chronic musculoskeletal pain

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

Brinjikji W, Diehn FE, Jarvik JG, Carr CM, Kallmes DF, Murad MH, et al. MRI Findings of Disc Degener-
ation are More Prevalent in Adults with Low Back Pain than in Asymptomatic Controls: A Systematic
Review and Meta-Analysis. AJNR Am J Neuroradiol. 2015; 36(12):2394—-9. Epub 2015/09/12. https://
doi.org/10.3174/ajnr.A4498 PMID: 26359154; PubMed Central PMCID: PMC7964277.

Ng W, Slater H, Starcevich C, Wright A, Mitchell T, Beales D. Barriers and enablers influencing health-
care professionals’ adoption of a biopsychosocial approach to musculoskeletal pain: a systematic
review and qualitative evidence synthesis. Pain. 2021; 162(8):2154—85. Epub 2021/02/04. https://doi.
org/10.1097/j.pain.0000000000002217 PMID: 33534357.

National Institute for Health and Care Excellence. Low back pain and sciatica in over 16s: assessment
and management. Available at: https://www.nice.org.uk/guidance/ng59/chapter/Recommendations
(accessed 16/05/2023). 2020.

Mundal I, Grawe RW, Bjgrngaard JH, Linaker OM, Fors EA. Prevalence and long-term predictors of
persistent chronic widespread pain in the general population in an 11-year prospective study: the HUNT
study. BMC Musculoskeletal Disorders. 2014; 15(1):213. https://doi.org/10.1186/1471-2474-15-213
PMID: 24951013

Puschmann AK, DrieBlein D, Beck H, Arampatzis A, Moreno Catala M, Schiltenwolf M, et al. Stress and
Self-Efficacy as Long-Term Predictors for Chronic Low Back Pain: A Prospective Longitudinal Study. J
Pain Res. 2020; 13:613-21. Epub 2020/04/14. https://doi.org/10.2147/JPR.5223893 PMID: 32280264;
PubMed Central PMCID: PMC7125403.

Puska P, Stahl T. Health in All Policies—The Finnish Initiative: Background, Principles, and Current
Issues. Annual Review of Public Health. 2010; 31(1):315-28. https://doi.org/10.1146/annurev.
publhealth.012809.103658 PMID: 20070201.

Diabetes Prevention Program Research Group. 10-year follow-up of diabetes incidence and weight
loss in the Diabetes Prevention Program Outcomes Study. The Lancet. 2009; 374(9702):1677-86.
https://doi.org/10.1016/S0140-6736(09)61457-4 PMID: 19878986

Aromataris E, Fernandez R, Godfrey C, al e. Chapter 10: Umbrella Reviews. In: Aromataris E, Munn Z
(Editors). JBI Manual for Evidence Synthesis. JBI, 2020. Available from https://synthesismanual.jbi.
global. https://doi.org/10.46658/JBIMES-20-11. Accessed 19th August 2020. 2020.

Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane Handbook for Systematic
reviews of Interventions version 6.3 (updated February 2022). Cochrane 2022. 2022; Available from
www.training.cochrane.org/handbook.

Dunn M, Rushton AB, Mistry J, Soundy A, Heneghan NR. Which biopsychosocial factors are associated
with the development of chronic musculoskeletal pain? Protocol for an umbrella review of systematic
reviews. BMJ Open. 2021; 11(10):e053941. https://doi.org/10.1136/bmjopen-2021-053941 PMID:
34635532

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: An updated guideline for reporting systematic reviews. PLOS Medicine. 2021; 18(3):
€10035883. https://doi.org/10.1371/journal.pmed. 1003583 PMID: 33780438

Friis RH, Sellers T. Epidemiology for public health practice: Jones & Bartlett Learning; 2020.

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2: a critical appraisal tool
for systematic reviews that include randomised or non-randomised studies of healthcare interventions,
or both. BMJ. 2017; 358:j4008. https://doi.org/10.1136/bmj.j4008 PMID: 28935701

Burgess R, Mansell G, Bishop A, Lewis M, Hill J. Predictors of functional outcome in musculoskeletal
healthcare: An umbrella review. Eur J Pain. 2020; 24(1):51-70. Epub 2019/09/12. https://doi.org/10.
1002/ejp.1483 PMID: 31509625.

Schlesinger S, Schwingshackl L, Neuenschwander M, Barbaresko J. A critical reflection on the grading
of the certainty of evidence in umbrella reviews. European Journal of Epidemiology. 2019; 34(9):889—
90. https://doi.org/10.1007/s10654-019-00531-4 PMID: 31222608

Foroutan F, Guyatt G, Zuk V, Vandvik PO, Alba AC, Mustafa R, et al. GRADE Guidelines 28: Use of
GRADE for the assessment of evidence about prognostic factors: rating certainty in identification of
groups of patients with different absolute risks. Journal of Clinical Epidemiology. 2020; 121:62-70.
https://doi.org/10.1016/j.jclinepi.2019.12.023 PMID: 31982539

Pollock M, Fernandes R, Becker L, Pieper D, Hartling L. Chapter V: Overviews of Reviews. In: Higgins
JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. (editors). Cochrane Handbook for Sys-
tematic Reviews of Interventions version 6.3 (updated February 2022). Cochrane, 2022. Available from
www.training.cochrane.org/handbook. (accessed 24/03/2022). 2022.

Agnello A, Brown T, Desroches S, Welling U, Walton D. Can we identify people at risk of non-recovery
after acute occupational low back pain? Results of a review and higher-order analysis. Physiotherapy
Canada. 2010; 62(1):9—-16. https://doi.org/10.3138/physio.62.1.9 Language: English. Entry Date:
20100409. Revision Date: 20150820. Publication Type: Journal Article. PMID: 21197174

PLOS ONE | https://doi.org/10.1371/journal.pone.0294830  April 1, 2024 17/19


https://doi.org/10.3174/ajnr.A4498
https://doi.org/10.3174/ajnr.A4498
http://www.ncbi.nlm.nih.gov/pubmed/26359154
https://doi.org/10.1097/j.pain.0000000000002217
https://doi.org/10.1097/j.pain.0000000000002217
http://www.ncbi.nlm.nih.gov/pubmed/33534357
https://www.nice.org.uk/guidance/ng59/chapter/Recommendations
https://doi.org/10.1186/1471-2474-15-213
http://www.ncbi.nlm.nih.gov/pubmed/24951013
https://doi.org/10.2147/JPR.S223893
http://www.ncbi.nlm.nih.gov/pubmed/32280264
https://doi.org/10.1146/annurev.publhealth.012809.103658
https://doi.org/10.1146/annurev.publhealth.012809.103658
http://www.ncbi.nlm.nih.gov/pubmed/20070201
https://doi.org/10.1016/S0140-6736%2809%2961457-4
http://www.ncbi.nlm.nih.gov/pubmed/19878986
https://synthesismanual.jbi.global
https://synthesismanual.jbi.global
https://doi.org/10.46658/JBIMES-20-11
http://www.training.cochrane.org/handbook
https://doi.org/10.1136/bmjopen-2021-053941
http://www.ncbi.nlm.nih.gov/pubmed/34635532
https://doi.org/10.1371/journal.pmed.1003583
http://www.ncbi.nlm.nih.gov/pubmed/33780438
https://doi.org/10.1136/bmj.j4008
http://www.ncbi.nlm.nih.gov/pubmed/28935701
https://doi.org/10.1002/ejp.1483
https://doi.org/10.1002/ejp.1483
http://www.ncbi.nlm.nih.gov/pubmed/31509625
https://doi.org/10.1007/s10654-019-00531-4
http://www.ncbi.nlm.nih.gov/pubmed/31222608
https://doi.org/10.1016/j.jclinepi.2019.12.023
http://www.ncbi.nlm.nih.gov/pubmed/31982539
http://www.training.cochrane.org/handbook
https://doi.org/10.3138/physio.62.1.9
http://www.ncbi.nlm.nih.gov/pubmed/21197174
https://doi.org/10.1371/journal.pone.0294830

PLOS ONE

The biopsychosocial factors associated with development of chronic musculoskeletal pain

40.

M.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Buscemi V, Chang W-J, Liston MB, McAuley JH, Schabrun SM. The role of perceived stress and life
stressors in the development of chronic musculoskeletal pain disorders: A systematic review: The Jour-
nal of Pain. 2019, pp. No Pagination Specified.; 2019.

Chou R, Shekelle P. Will this patient develop persistent disabling low back pain? Jama. 2010; 303
(13):1295-302. Epub 2010/04/08. https://doi.org/10.1001/jama.2010.344 PMID: 20371789.

Dai Y, Huang J, Hu Q, Huang L, Wu J, Hu J. Association of Cigarette Smoking with Risk of Chronic Mus-
culoskeletal Pain: A Meta-Analysis. Pain Physician. 2021; 24(8):495-506. Epub 2021/11/19. PMID:
34793634.

Fayad F, Lefevre-Colau MM, Poiraudeau S, Fermanian J, Rannou F, Wlodyka Demaille S, et al.
[Chronicity, recurrence, and return to work in low back pain: common prognostic factors]. Annales de
Readaptation et de Medecine Physique. 2004; 47(4):179-89. https://doi.org/10.1016/j.annrmp.2004.
01.005 PMID: 15130717.

Goldsmith R, Wright C, Bell SF, Rushton A. Cold hyperalgesia as a prognostic factor in whiplash associ-
ated disorders: a systematic review. Manual Therapy. 2012; 17(5):402—10. https://doi.org/10.1016/j.
math.2012.02.014 PMID: 22464187.

lles RA, Davidson M, Taylor NF, O’Halloran P. Systematic review of the ability of recovery expectations
to predict outcomes in non-chronic non-specific low back pain. Journal of Occupational Rehabilitation.
2009; 19(1):25—40. https://doi.org/10.1007/s10926-008-9161-0 PMID: 19127345.

Jadhakhan F, Evans DW, Falla D. The role of post-trauma stress symptoms in the development of
chronic musculoskeletal pain and disability: A systematic review. Eur J Pain. 2023; 27(2):183-200.
Epub 2022/11/02. https://doi.org/10.1002/ejp.2048 PMID: 36317593.

Lang J, Ochsmann E, Kraus T, Lang JW. Psychosocial work stressors as antecedents of musculoskele-
tal problems: a systematic review and meta-analysis of stability-adjusted longitudinal studies. Soc Sci
Med. 2012; 75(7):1163-74. Epub 2012/06/12. https://doi.org/10.1016/j.socscimed.2012.04.015 PMID:
22682663.

Pincus T, Burton AK, Vogel S, Field AP. A Systematic Review of Psychological Factors as Predictors of
Chronicity/Disability in Prospective Cohorts of Low Back Pain. Spine. 2002; 27(5):E109-E20. https://
doi.org/10.1097/00007632-200203010-00017 PMID: 11880847-200203010-00017.

Struyf F, Geraets J, Noten S, Meeus M, Nijs J. A multivariable prediction model for the chronification of
non-traumatic shoulder pain: A systematic review. Pain Physician. 2016; 19(2):1—10. 608013657.
PMID: 26815244

Walton DM, Macdermid JC, Giorgianni AA, Mascarenhas JC, West SC, Zammit CA. Risk factors for
persistent problems following acute whiplash injury: update of a systematic review and meta-analysis.
Journal of Orthopaedic & Sports Physical Therapy. 2013; 43(2):31-43. https://doi.org/10.2519/jospt.
2013.4507 PMID: 23322093.

Walton DM, Pretty J, MacDermid JC, Teasel RW. Risk Factors for Persistent Problems Following Whip-
lash Injury: Results of a Systematic Review and Meta-analysis. Journal of Orthopaedic & Sports Physi-
cal Therapy. 2009; 39(5):334-50. https://doi.org/10.2519/jospt.2009.2765 PMID: 19411766.

Wu A, March L, Zheng X, Huang J, Wang X, Zhao J, et al. Global low back pain prevalence and years
lived with disability from 1990 to 2017: estimates from the Global Burden of Disease Study 2017. Ann
Transl Med. 2020; 8(6):299. Epub 2020/05/02. https://doi.org/10.21037/atm.2020.02.175 PMID:
32355743; PubMed Central PMCID: PMC7186678.

Kosek E, Cohen M, Baron R, Gebhart GF, Mico J-A, Rice ASC, et al. Do we need a third mechanistic
descriptor for chronic pain states? PAIN. 2016; 157(7):1382—6. https://doi.org/10.1097/j.pain.
0000000000000507 PMID: 26835783-201607000-00003.

Hashmi JA, Baliki MN, Huang L, Baria AT, Torbey S, Hermann KM, et al. Shape shifting pain: chronifica-
tion of back pain shifts brain representation from nociceptive to emotional circuits. Brain. 2013; 136(Pt
9):2751-68. Epub 2013/08/29. https://doi.org/10.1093/brain/awt211 PMID: 23983029; PubMed Central
PMCID: PMC3754458.

Navratilova E, Atcherley CW, Porreca F. Brain Circuits Encoding Reward from Pain Relief. Trends Neu-
rosci. 2015; 38(11):741-50. Epub 2015/11/26. https://doi.org/10.1016/j.tins.2015.09.003 PMID:
26603560; PubMed Central PMCID: PMC4752429.

Neugebauer V. Amygdala pain mechanisms. Handb Exp Pharmacol. 2015; 227:261-84. Epub 2015/
04/08. https://doi.org/10.1007/978-3-662-46450-2_13 PMID: 25846623; PubMed Central PMCID:
PMC4701385.

Yang S, Chang MC. Chronic Pain: Structural and Functional Changes in Brain Structures and Associ-
ated Negative Affective States. International Journal of Molecular Sciences. 2019; 20(13):3130. https:/
doi.org/10.3390/ijms20133130 PMID: 31248061

PLOS ONE | https://doi.org/10.1371/journal.pone.0294830  April 1, 2024 18/19


https://doi.org/10.1001/jama.2010.344
http://www.ncbi.nlm.nih.gov/pubmed/20371789
http://www.ncbi.nlm.nih.gov/pubmed/34793634
https://doi.org/10.1016/j.annrmp.2004.01.005
https://doi.org/10.1016/j.annrmp.2004.01.005
http://www.ncbi.nlm.nih.gov/pubmed/15130717
https://doi.org/10.1016/j.math.2012.02.014
https://doi.org/10.1016/j.math.2012.02.014
http://www.ncbi.nlm.nih.gov/pubmed/22464187
https://doi.org/10.1007/s10926-008-9161-0
http://www.ncbi.nlm.nih.gov/pubmed/19127345
https://doi.org/10.1002/ejp.2048
http://www.ncbi.nlm.nih.gov/pubmed/36317593
https://doi.org/10.1016/j.socscimed.2012.04.015
http://www.ncbi.nlm.nih.gov/pubmed/22682663
https://doi.org/10.1097/00007632-200203010-00017
https://doi.org/10.1097/00007632-200203010-00017
http://www.ncbi.nlm.nih.gov/pubmed/11880847
http://www.ncbi.nlm.nih.gov/pubmed/26815244
https://doi.org/10.2519/jospt.2013.4507
https://doi.org/10.2519/jospt.2013.4507
http://www.ncbi.nlm.nih.gov/pubmed/23322093
https://doi.org/10.2519/jospt.2009.2765
http://www.ncbi.nlm.nih.gov/pubmed/19411766
https://doi.org/10.21037/atm.2020.02.175
http://www.ncbi.nlm.nih.gov/pubmed/32355743
https://doi.org/10.1097/j.pain.0000000000000507
https://doi.org/10.1097/j.pain.0000000000000507
http://www.ncbi.nlm.nih.gov/pubmed/26835783
https://doi.org/10.1093/brain/awt211
http://www.ncbi.nlm.nih.gov/pubmed/23983029
https://doi.org/10.1016/j.tins.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/26603560
https://doi.org/10.1007/978-3-662-46450-2%5F13
http://www.ncbi.nlm.nih.gov/pubmed/25846623
https://doi.org/10.3390/ijms20133130
https://doi.org/10.3390/ijms20133130
http://www.ncbi.nlm.nih.gov/pubmed/31248061
https://doi.org/10.1371/journal.pone.0294830

PLOS ONE

The biopsychosocial factors associated with development of chronic musculoskeletal pain

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Shin LM, Liberzon |. The neurocircuitry of fear, stress, and anxiety disorders. Neuropsychopharmacol-
ogy. 2010; 35(1):169-91. Epub 2009/07/25. https://doi.org/10.1038/npp.2009.83 PMID: 19625997
PubMed Central PMCID: PMC3055419.

Thompson JM, Neugebauer V. Amygdala Plasticity and Pain. Pain Research and Management. 2017;
2017:8296501. https://doi.org/10.1155/2017/8296501 PMID: 29302197

Vachon-Presseau E. Effects of stress on the corticolimbic system: implications for chronic pain. Prog-
ress in Neuro-Psychopharmacology and Biological Psychiatry. 2018; 87:216-23. https://doi.org/10.
1016/j.pnpbp.2017.10.014 PMID: 29079140

Yu R, Gollub RL, Spaeth R, Napadow V, Wasan A, Kong J. Disrupted functional connectivity of the peri-
aqueductal gray in chronic low back pain. Neuroimage Clin. 2014; 6:100-8. Epub 2014/11/08. https://
doi.org/10.1016/j.nicl.2014.08.019 PMID: 25379421; PubMed Central PMCID: PMC4215524.

Ji RR, Nackley A, Huh Y, Terrando N, Maixner W. Neuroinflammation and Central Sensitization in
Chronic and Widespread Pain. Anesthesiology. 2018; 129(2):343-66. Epub 2018/02/21. https://doi.org/
10.1097/ALN.0000000000002130 PMID: 29462012; PubMed Central PMCID: PMC6051899.

Gangadharan V, Kuner R. Pain hypersensitivity mechanisms at a glance. Dis Model Mech. 2013; 6
(4):889-95. Epub 2013/07/06. https://doi.org/10.1242/dmm.011502 PMID: 23828645; PubMed Central
PMCID: PMC3701208.

Schmid J, Theysohn N, Ga F, Benson S, Gramsch C, Forsting M, et al. Neural mechanisms mediating
positive and negative treatment expectations in visceral pain: a functional magnetic resonance imaging
study on placebo and nocebo effects in healthy volunteers. Pain. 2013; 154(11):2372-80. Epub 2013/
07/23. https://doi.org/10.1016/j.pain.2013.07.013 PMID: 23867733.

Mansour AR, Farmer MA, Baliki MN, Apkarian AV. Chronic pain: the role of learning and brain plasticity.
Restor Neurol Neurosci. 2014; 32(1):129-39. Epub 2013/04/23. https://doi.org/10.3233/RNN-139003
PMID: 23603439; PubMed Central PMCID: PMC4922795.

McCarberg B, Peppin J. Pain Pathways and Nervous System Plasticity: Learning and Memory in Pain.
Pain Med. 2019; 20(12):2421-37. Epub 2019/03/14. https://doi.org/10.1093/pm/pnz017 PMID:
30865778.

Heinricher MM, Tavares |, Leith JL, Lumb BM. Descending control of nociception: Specificity, recruit-
ment and plasticity. Brain Res Rev. 2009; 60(1):214—25. Epub 2009/01/17. https://doi.org/10.1016/j.
brainresrev.2008.12.009 PMID: 19146877; PubMed Central PMCID: PMC2894733.

Chen H, Cohen P, Chen S. How Big is a Big Odds Ratio? Interpreting the Magnitudes of Odds Ratios in
Epidemiological Studies. Communications in Statistics—Simulation and Computation. 2010; 39
(4):860—4. https://doi.org/10.1080/03610911003650383

Cai M, Bao C, Meng Q. Overview of risk aggregation approach in different risk scenarios. Procedia
Computer Science. 2022; 214:1353-60. https://doi.org/10.1016/j.procs.2022.11.316.

Mann CJ. Observational research methods. Research design |l: cohort, cross sectional, and case-con-
trol studies. Emerg Med J. 2003; 20(1):54—60. Epub 2003/01/21. https://doi.org/10.1136/em;|.20.1.54
PMID: 12533370; PubMed Central PMCID: PMC1726024.

PLOS ONE | https://doi.org/10.1371/journal.pone.0294830  April 1, 2024 19/19


https://doi.org/10.1038/npp.2009.83
http://www.ncbi.nlm.nih.gov/pubmed/19625997
https://doi.org/10.1155/2017/8296501
http://www.ncbi.nlm.nih.gov/pubmed/29302197
https://doi.org/10.1016/j.pnpbp.2017.10.014
https://doi.org/10.1016/j.pnpbp.2017.10.014
http://www.ncbi.nlm.nih.gov/pubmed/29079140
https://doi.org/10.1016/j.nicl.2014.08.019
https://doi.org/10.1016/j.nicl.2014.08.019
http://www.ncbi.nlm.nih.gov/pubmed/25379421
https://doi.org/10.1097/ALN.0000000000002130
https://doi.org/10.1097/ALN.0000000000002130
http://www.ncbi.nlm.nih.gov/pubmed/29462012
https://doi.org/10.1242/dmm.011502
http://www.ncbi.nlm.nih.gov/pubmed/23828645
https://doi.org/10.1016/j.pain.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/23867733
https://doi.org/10.3233/RNN-139003
http://www.ncbi.nlm.nih.gov/pubmed/23603439
https://doi.org/10.1093/pm/pnz017
http://www.ncbi.nlm.nih.gov/pubmed/30865778
https://doi.org/10.1016/j.brainresrev.2008.12.009
https://doi.org/10.1016/j.brainresrev.2008.12.009
http://www.ncbi.nlm.nih.gov/pubmed/19146877
https://doi.org/10.1080/03610911003650383
https://doi.org/10.1016/j.procs.2022.11.316
https://doi.org/10.1136/emj.20.1.54
http://www.ncbi.nlm.nih.gov/pubmed/12533370
https://doi.org/10.1371/journal.pone.0294830

