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ABSTRACT

Background: Adverse childhood experiences (ACEs) have been shown to negatively affect
health in adulthood. Estimates of associations between ACEs and chronic painful conditions
are lacking.

Objectives: This systematic review and meta-analysis aimed to evaluate associations between
exposure to ACEs and chronic pain and pain-related disability in adults.

Methods: We searched 10 electronic databases from inception to February 2023. We included
observational studies assessing associations between direct ACEs (childhood sexual, physical,
emotional abuse, or neglect) alone or in combination with indirect ACEs (witnessing domestic
violence, household mental illness), and adult chronic pain (>3 months duration) and pain-
related disability (daily activities limited by chronic pain). Pairs of reviewers independently
extracted data and assessed study risks of bias. Random-effect models were used to
calculate pooled adjusted odds ratios [aOR]. Tau square [T%], 95% prediction intervals [95%
PI] and I° expressed the amount of heterogeneity, and meta-regressions and subgroup
meta-analyses investigated sources of heterogeneity (PROSPERO: CRD42020150230).
Results: We identified 85 studies including 826,452 adults of which 57 studies were included in
meta-analyses. Study quality was generally good or fair (n = 70). The odds of reporting chronic
pain in adulthood were significantly higher among individuals exposed to a direct ACE (aOR,
1.45, 95%Cl, 1.38-1.53). Individuals reporting childhood physical abuse were significantly
more likely to report both chronic pain (aOR, 1.50, 95CI, 1.39-1.64) and pain-related
disability (1.46, 95CI, 1.03-2.08) during adulthood. Exposure to any ACEs alone or combined
with indirect ACEs significantly increase the odds of adult chronic painful conditions (aOR,
1.53, 95%Cl, 1.42-1.65) and pain-related disability (aOR, 1.29; 95%Cl, 1.01-1.66). The risk of
chronic pain in adulthood significantly increased from one ACE (aOR, 1.29, 95%Cl, 1.22-1.37)
to four or more ACEs (1.95, 95%Cl, 1.73-2.19).

Conclusions: Single and cumulative ACEs are significantly associated with reporting of chronic
pain and pain-related disability as an adult.

Las experiencias adversas en la infancia se asocian con un mayor riesgo
de informar dolor cronico en la edad adulta: una revision sistematica y
un metaanalisis

Antecedentes: Se ha demostrado que las experiencias adversas en la infancia (ACE, por sus
siglas en inglés) afectan negativamente la salud en la edad adulta. Faltan estimaciones de
las asociaciones entre las ACEs y las enfermedades dolorosas cronicas.

Objetivos: Esta revision sistemdtica y metaanalisis tuvo como objetivo evaluar las asociaciones
entre la exposicion a ACE y el dolor crénico y la discapacidad relacionada con el dolor en
adultos.
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HIGHLIGHTS

- Previous meta-analyses
highlighted the negative
impact of adverse childhood
experiences on physical,
psychological, and
behavioural health across
the lifespan.

« We found exposure to any
direct adverse childhood
experience, i.e. childhood
sexual, physical, emotional
abuse, or neglect alone or
combined, increased the risk
of reporting chronic pain
and pain-related disability in
adulthood.

« The risk of reporting chronic
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Métodos: Buscamos en 10 bases de datos electrénicas desde su inicio hasta febrero de 2023.
Incluimos estudios observacionales que evaluaron las asociaciones entre ACEs directas (abuso
sexual, fisico, y emocional en la infancia, o negligencia) solas o en combinaciéon con ACEs
indirectas (presenciar violencia doméstica, enfermedad mental en el hogar), y dolor crénico
en adultos (>3 meses de duracién) y discapacidad relacionada con el dolor (actividades
diarias limitadas por el dolor crénico). Pares de revisores extrajeron los datos de forma
independiente y evaluaron los riesgos de sesgo de los estudios. Se utilizaron modelos de
efectos aleatorios para calcular las medidas agrupadas de probabilidades ajustadas [aOR].
Tau cuadrado [T2], intervalos de predicciéon del 95% [Pl 95%] e 12 expresaron la cantidad de
heterogeneidad, y las meta regresiones y los metaanalisis de subgrupos investigaron las
fuentes de heterogeneidad (PROSPERO: CRD42020150230).

Resultados: Identificamos 85 estudios que incluyeron 826.452 adultos, de los cuales 57
estudios se incluyeron en los metaandlisis. La calidad de los estudios fue en general buena o
regular (n=70). Las probabilidades de reportar dolor crénico en la edad adulta fueron
significativamente mayores entre las personas expuestas a una ACE directa (ORa, 1,45; IC del
95%, 1,38-1,53). Las personas que reportaron abuso fisico en la infancia tenian
significativamente mds probabilidades de reportar tanto dolor crénico (ORa, 1,50, IC 95,
1,39-1,64) como discapacidad relacionada con el dolor (1,46, IC 95, 1,03-2,08) durante la
edad adulta. La exposicion a cualquier ACE sola o combinada con ACEs indirectas aumenta
significativamente las probabilidades de sufrir afecciones dolorosas crénicas en adultos
(ORa, 1,54; IC del 95%, 1,44-1,65) y la discapacidad relacionada con el dolor (ORa, 1,29; IC
del 95%, 1,01-1,66). El riesgo de dolor crénico en la edad adulta aumento significativamente
desde un ACE (aOR, 1.29, 95%Cl, 1.22-1.37) a cuatro o mas ACEs (1.95, 95%Cl, 1.73-2.19).
Conclusiones: Las ACE Unicas y acumulativas se asocian significativamente con el reporte de

painful disorders increased
with increasing numbers of
adverse childhood
experiences.

dolor crénico y discapacidad relacionada con el dolor en la edad adulta.

1. Introduction

Adverse childhood experiences (ACEs) are harms
directly occurring to a child or teenager such as phys-
ical, sexual, or emotional abuse, or neglect by a parent
or caregiver, or can be indirect through household dys-
function or living environments such as parental death,
divorce, substance abuse, or severe sickness of a parent
or sibling (Control, 2019). Over 1 billion children - half
of all children in the world - are exposed to ACEs each
year (Hillis et al., 2016), and in 2019, the estimated past-
year prevalence of ACEs were 44% in high-income
countries (Hillis et al., 2016), and 59% in low- and
middle-income countries (Hillis et al., 2016). 19% of
European adults report having experienced two or
more ACEs and 16% of US adults report having experi-
enced four or more types of ACEs (Control, 2019).

Prior reviews have highlighted the negative impact
of ACEs on physical,(Hughes et al., 2017) psychologi-
cal (Moore et al.,, 2015), and behavioural health (Kal-
makis & Chandler, 2015), and even early mortality
(Grummitt et al., 2021).

ACEs are estimated to result in 37.5 million disabil-
ity-adjusted life years globally and carry an estimated
financial cost of $1.3 trillion per annum across
North America and Europe, with over 75% of these
costs arising in individuals reporting two or more
ACEs (Bellis et al., 2019).

Chronic pain is defined as an unpleasant sensory
and emotional experience associated with, or resem-
bling that associated with, actual or potential tissue
damage (Nicholas et al., 2019). Highly prevalent
chronic pain conditions including musculoskeletal
disorders (MSDs) and non-musculoskeletal disorders

(non-MSDs) such as headache and migraine, are lead-
ing causes of years lived with disability (James et al.,
2018). In the US alone, medical costs and lost pro-
ductivity of chronic pain including joint pain and
arthritis amount to between US$560 and US$635 bil-
lion per year, exceeding the costs of diagnoses such
as heart or lung disease, injuries, diabetes, or cancer
(Gaskin & Richard, 2012).

Prior reviews examining the link between ACEs and
chronic pain and pain-related disability have included
studies with insufficient attention to the design of con-
trol groups and to sample size (Davis et al., 2005; Hau-
ser et al,, 2011; Irish et al, 2010; Paras et al., 2009;
Romans & Cohen, 2008), and have generated mixed
results, particularly in terms of which ACEs (e.g. phys-
ical abuse, sexual abuse, or neglect) are associated with
specific chronic pain condition later in life (Arnow,
2004; Bombay et al., 2009; Bussiéres et al., 2020; Davis
et al.,, 2005; Norman et al., 2012; Paras et al., 2009;
Sachs-Ericsson et al., 2009; Tidmarsh et al., 2022; Weg-
man & Stetler, 2009). Previous meta-analyses reporting
an increase odds of long-term musculoskeletal (MSK)
and general pain symptoms from childhood sexual
abuse failed to clearly define symptom duration and
type of painful conditions (Irish et al., 2010) or to report
the effect of ACEs on somatic pain and headache separ-
ately (Petruccelli et al., 2019).

Other reviews suggested an increased risks of poor
health outcomes with multiple ACE exposures (> 2 vs
no ACE (Bellis et al, 2019) and > 4 vs no ACE
(Hughes et al., 2017)), but whether a dose-response
relationship exists between the number of ACEs and
persistent pain or pain-related disability remains



unclear. Therefore a comprehensive synthesis is
needed (Bussiéres et al., 2020).

We aimed to determine the extent of the relation-
ship between exposure to ACEs and adult chronic
pain and its related disability. We also explored
whether unique and cumulative ACEs exposure
(type and number) increase the risk of developing
chronic pain and related disability (i.e. daily activities
limited by chronic pain) in adulthood.

2. Methods

This review is reported according to the MOOSE
Guidelines for Meta-Analyses and Systematic Reviews
of Observational Studies and the PRISMA-P (Preferred
Reporting Items for Systematic Reviews and Meta-Ana-
lyses Protocols) guidelines (Shamseer et al, 2015;
Stroup et al., 2000). Our published protocol (Bussiéres
et al, 2020) mirrored recent recommendations on
methods for systematic reviews and meta-analyses of
observational studies (Dekkers et al., 2019; Mueller
et al., 2018), and was prospectively registered in PROS-
PERO (CRD42020150230).

2.1. Search strategy

The MEDLINE (Ovid) strategy was developed by a
health science librarian (JB), peer-reviewed by a
second librarian using the PRESS standard (Bethell
et al,, 2017; McGowan et al., 2016), and adapted in
nine other databases using search filter to identify
observational studies (SIGN, 2019), reporting associ-
ations and risks of chronic pain from single or mul-
tiple ACEs. For complete search history see: https://
doi.org/10.5683/SP3/BMARSN. Bibliographies of rel-
evant articles were searched for other relevant articles.
Authors were contacted and asked to provide any
non-significant or unpublished findings regarding
ACEs and physical health. No additional studies
were obtained by this method.

2.2. Selection criteria

The search was performed on 29 August 2019, with no
language restrictions, and last updated on 22 February
2023 (Figure 1). Results were imported into Rayyan
Intelligent systematic review system (Ouzzani et al,
2016). Two authors double screened 25% of the refer-
ences to establish coder reliability, and then pairs of
independently screened citations and
abstracts, and proceeded similarly for full text screen-
ing of potentially eligible articles. Any discrepancies
were discussed and resolved through consensus. For
inclusion, studies had to meet the following criteria:

reviewers

(1) report single or cumulative measures of ACEs
during the first 18 years of life spanning either

EUROPEAN JOURNAL OF PSYCHOTRAUMATOLOGY e 3

direct types (childhood sexual, physical, emotional
abuse or neglect) (WHO, 2006), alone or in combi-
nation, with indirect types (household dysfunction
including witnessing domestic violence, frequent
fear of family member, parental divorce, caregiver
death, incarcerated household member, serious
childhood illness/injury, economic hardship, par-
ental unemployment, household mental illness,
bullying, witnessing a violent crime) (Bethell
et al., 2017; Hughes et al., 2017) and compared
them with individuals who had not suffered any
ACEs. Reports comparing a single ACE to cumu-
lative ACEs were also eligible;

(2) report definitions and measurements for chronic
pain in accordance with the IASP definition and
indicators of disability such as activity limitation
due to chronic pain using discrete and/or con-
tinuous outcomes (Nicholas et al., 2019);

(3) test the associations between (1) and (2);

(4) be a cross-sectional, case control, nested case—con-
trol, or cohort study measuring chronic pain or
chronic pain-disability in adulthood, with a sample
size of at least 100 in each group or 200 for con-
tinuous outcomes as per recent recommendations
when conducting systematic reviews of observa-
tional studies (Dekkers et al., 2019; Hughes et al.,
2017). Single case studies and randomized con-
trolled trials were not included.

We excluded studies based on high-risk populations
(eg, people who are homeless, incarcerated or have a
primary diagnosis of substance abuse) because few indi-
viduals have low ACE exposure in such populations. In
addition, these individuals are at higher risk of adult
victimization, self-harm, and overall poor physical
and mental health; these factors possibly confound
the association between ACEs and chronic pain and
disability, thereby producing non-generalizable results
(Hughes et al., 2017; Liu et al., 2021; Sheahan & War-
drop, 2023). We also excluded studies including people
born severely prematurely, which is known to modify
the pain pathway leading to altered pain in adulthood
(Williams & Lascelles, 2020); investigating the assess-
ment, treatment or mechanisms of chronic pain; and
of adults with clear medical explanations for their
pain, such as fractures, sprains, burns, visceral disease,
neuropathic injury, or cancer. When findings from iter-
ations of the same survey were reported, we included
data only from the most recent. For studies with insuffi-
cient data to evaluate eligibility, we contacted the study
authors twice for clarification before excluding.

2.3. Data extraction

We extracted study characteristics; ACE exposure
(type, description, setting, frequency of abuse, self-
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Search strategies on 29 August 2019 (n = 6316)
Updated 29 August 2020 (n = 694), 02 Feb 2022 (n = 1310) and 20 Feb 2023

(n=828)
Records identified (n=9148) from
c 10 databases: MEDLINE Records removed before
2 (n=1984), Psyclinfo (n=1342), screening:
§ Web of Science (n1=3838), Duplicate records removed
E CINAHL (n=657), EMBASE B (n=1100)
E (n=1181), IBSS (n=8), PQDT Records marked as ineligible
] (n=16), Soc Abstracts (n=15), by automation tools (n = 10)
Soc Index (n=103), SW,
Abstracts (n=4); Registers (n=0)
Records screened 5| Records excluded
(n =8038) (n =7655)
\ 4
Reports sought for retrieval Reports not retrieved
2l (n=383) ’ (n=0)
=
[}
e
a A
Reports assessed for eligibility Reports excluded: 298
(n=383) _— -Wrong design = 19
-Wrong/mixed population = 36
-Wrong exposure (not ACEs) = 39
-Small sample (AEC <100) = 76
-Wrong outcome = 73
- Wrong language = 6
- Conference = 17
\ 4 - Duplicate = 24
- Full text not available = 4
° -Included in review (n = 85 studies, reported - lete dat rting = 4
3 in 87 articles): Cross sectional (n = 73); neomplete data reporting
% Case-control (n = 7); Cohort (n = 5)
£ -Included in meta-analyses (n = 57): Cross
sectional (n = 50); Case-control (n =7)

Figure 1. PRISMA flow diagram.

report vs objectively verifiable methods); painful con-
dition; comparison group; measurement (pain, dis-
ability, timeframe); unadjusted and adjusted
estimates for discrete and continuous outcomes, and
precision measures. When multiple studies reported
data for the same sample and outcome, we included
the report based on largest sample size or with the
longest follow-up time.

2.4. Study quality

Included articles were independently assessed for
methodological quality by pairs of assessors using a
modified form adapted from the Scottish Intercollegi-
ate Guidelines Network (SIGN) checklist for cohort
and case—control studies (Baker et al., 2010), and the
Joanna Briggs Institute (JBI) tool for cross sectional
studies (Moola et al., 2017). Individual criteria were
rated as recommended by these tools (e.g. ‘yes’, ‘no’,
‘can’t determine’, ‘not applicable’, ‘not reported’)
based on the information reported in the study. The

overall quality of individual studies was also rated as
‘high’, “fair’, or ‘poor’ (eTables 1-3 in the Supplement).
Any discrepancies were resolved through consensus.

2.5. Data synthesis

We performed a qualitative synthesis of findings and
stratified results based on the type of chronic pain dis-
orders (MSDs or non-MSDs) and direct ACEs alone
or combined with indirect ACE exposures. Data
were then summarized and tabulated according to
the variables listed above and reported narratively.
Meta-analysis was done separately for outcomes of
chronic pain and pain-related disability and for indi-
viduals exposed to direct ACEs and to at least two
types of ACEs (vs no ACE) using Comprehensive
Meta-Analysis Version 3 Pro, Biostat Inc. P values
less than 0.05 were considered significant. We calcu-
lated pooled ORs with the Hartung-Knapp-Sidik-
Jonkman method for random effects meta-analysis,
which has been shown to outperform the standard



DerSimonian-Laird method we had originally planned
on using (Schmidt et al., 2009). As the majority of
studies reported sociodemographic adjustments and
adjusted ORs, we elected not to transform these into
RRs (Grant, 2014). Adjusted positive and negative
counts by condition and ACEs category were gener-
ated for use in the meta-analysis. Covariates from pro-
portional hazards models were treated as RRs. For
each study, all categories of ORs for more than one
ACEs were combined to give an OR for two or more
ACEs by use of a weighted mean method.

We used visual inspection of forest plots and the I?
statistic to assess heterogeneity among pooled studies
(Higgins et al., 2022). Prespecified subgroup analyses
were conducted to explore consistency across results
by various factors including study design, type of con-
dition, and if there was at least two studies available
(Hauser et al., 2011). To test the hypotheses of a sub-
group effect, a test of interaction with a predetermined
2-tailed alpha level of 0.05 was used (Altman & Bland,
2003). We conducted sensitivity analyses by excluding
outlying studies (so that study 95% Cls did not overlap
those of pooled measures), and by exploring the
impact of the risk of different biases on the results in
regression analyses. When possible, we explored
potential sources of heterogeneity, for outcomes with
at least ten samples and high heterogeneity between
estimates, by meta-regression. We did univariate ana-
lyses to test the individual association of the following
covariates (when relevant) with pooled estimates:
number of ACEs measured, study setting (general
population, community, clinical), country (North
America, Europe, Asia), and year of publication. We
explored risk of publication bias using visual inspec-
tion of funnel plots when at least ten samples were
included in the meta-analysis.(Higgins et al., 2022)
We generated forest plots showing ORs and 95% Cls
for each study and the overall random-effects pooled
estimate. We also performed the Begg and Mazumdar
rank correlation test and Egger tests (Héuser et al.,
2011).

3. Results

OQur search identified 8320 articles, from which we
included 85 studies reported in 87 articles (Figure 1).
73 studies used a cross-sectional (Afifi et al., 2016;
2013; Alhalal et al., 2018; Anno et al., 2015; Badley
et al., 2019; Baiden et al., 2021; Barron, 1997; Bendixen
et al., 1994; Bottiroli et al., 2018; Brennenstuhl &
Fuller-Thomson, 2015; Brown et al., 2018; Chartier
et al.,, 2007, 2010; Coles et al., 2015; Dennis et al.,
2019; Diaz-Olavarrieta et al., 2002; England-Mason
et al., 2018; Eriksen et al., 2016; Fowler et al., 2020;
2009; 2011; Hammond & Colman, 2020; Hanlon
et al,, 2020; Hart-Johnson & Green, 2012; Hauser
et al., 2018; Jamieson & Steege, 1997; Jiao et al.,
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2015; Kamiya et al., 2016; Kascakova et al., 2020; Lee
et al.,, 2009; Lin et al., 2021; Mays et al., 2021; McBeth
et al., 2015; Nicol et al., 2016; Noteboom et al., 2021;
Park et al., 2014a; Pebole et al., 2022; Pierce et al.,
2020; Reuchlein et al., 2016; Riedl et al., 2019; Sachs-
Ericsson et al., 2007; 2017; Schrepf et al., 2018; Scott
et al., 2011; Sheikh, 2018, 2019; Shields et al., 2015;
Sprang et al., 2020; Springer et al., 2007; Stickley
et al.,, 2015; Talley et al., 1998; 1994; Tietjen et al.,
2009; 2010; 2017; Varinen et al., 2017; 2019; Viana
et al., 2018; Waehrer et al., 2020; Walker et al., 1999;
Wuest et al., 2009; 2010; 2008; Xu et al., 2013; You
et al., 2019), seven case—control (Bradford et al,
2012; Héuser et al., 2012; Ju et al., 2020; Park et al,,
2016; Rahal et al., 2020; Sumanen et al., 2007; Tietjen
et al., 2015), and five cohort design (Chandan et al.,
2020; Kopec & Sayre, 2005; Raphael et al., 2001;
Raphael & Widom, 2011; Swanson et al., 2013), of
which 57 studies were included in at least one of the
meta-analyses (Afifi et al., 2016; 2013; Anda et al,
2010; Anno et al.,, 2015; As-Sanie et al., 2014; Badley
et al., 2019; Baiden et al., 2021; Barron, 1997; Bellis
et al., 2018; Bendixen et al.,, 1994; Bottiroli et al.,
2018; Brennenstuhl & Fuller-Thomson, 2015; Chartier
et al., 2007; Coles et al., 2015; Daily et al., 2022; Diaz-
Olavarrieta et al., 2002; England-Mason et al., 2018;
Eriksen et al., 2016; Fowler et al., 2020; Fuller-Thom-
son et al., 2009; Hammond & Colman, 2020; Hanlon
et al, 2020; Hauser et al.,, 2018; Jiao et al., 2015;
Kamiya et al, 2016; Lee et al, 2009; Mays et al,
2021; McBeth et al.,, 2015; Nicol et al.,, 2016; Park
et al., 2014a; 2016; Pebole et al., 2022; Pierce et al.,
2020; Rahal et al., 2020; Sachs-Ericsson et al., 2007;
Santo et al.,, 2022; Scott et al.,, 2011; Sheikh, 2018;
Shields et al, 2015; Sprang et al., 2020; Springer
et al., 2007; Stickley et al., 2015; Sumanen et al.,
2007; Talley et al., 1998; Talley et al., 1994; Tietjen
et al., 2009; 2010; 2015; 2017; Varinen et al., 2017;
Viana et al, 2018; Waehrer et al, 2020; Walker
et al., 1999; Xu et al., 2013; You et al., 2019).

Data were collected from a total of 826,452 partici-
pants (mean age of 44 years; range: 18-90 years), from
community (n =48 studies) (Afifi et al., 2013; 2016;
Alhalal et al., 2018; Badley et al., 2019; Baiden et al.,
2021; Brennenstuhl & Fuller-Thomson, 2015; Brown
et al., 2018; Chartier et al., 2007, 2010; Coles et al.,
2015; England-Mason et al., 2018; Eriksen et al,
2016; Fowler et al., 2020; Fuller-Thomson et al,
2009; 2011; Hammond & Colman, 2020; Hanlon
et al., 2020; Kamiya et al., 2016; Kascakova et al.,
2020; Kopec & Sayre, 2005; Lee et al, 2009; Lin
et al., 2021; Noteboom et al., 2021; Park et al., 2014a;
Reuchlein et al., 2016; Sachs-Ericsson et al., 2007;
2017; Scott et al., 2011; Sheikh, 2018, 2019; Shields
et al, 2015; Stickley et al, 2015; Sumanen et al,
2007; Talley et al., 1994; 1998; Tietjen et al., 2015;
2017; Varinen et al., 2017; 2019; Wuest et al., 2008;
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2009; 2010; Xu et al., 2013), clinical care (n =19) (As-
Sanie et al., 2014; Barron, 1997; Chandan et al., 2020;
Dennis et al., 2019; Diaz-Olavarrieta et al., 2002; Hart-
Johnson & Green, 2012; Jamieson & Steege, 1997; Jiao
etal., 2015; Ju et al., 2020; Mays et al., 2021; Nicol et al.,
2016; Pebole et al., 2022; Pierce et al., 2020; Schrepf
et al, 2018; Tietjen et al, 2009; 2010; Viana et al,
2018), general population (n=38) (Anno et al., 2015;
Hauser et al., 2018; McBeth et al., 2015; Park et al.,
2016; Sprang et al., 2020; Springer et al., 2007; Swan-
son et al., 2013; Waehrer et al., 2020), students (n =
4) (Bendixen et al., 1994; Bottiroli et al., 2018; Riedl
et al.,, 2019; You et al., 2019), combined community
and clinical care settings (n=3) (Bradford et al,
2012; Hauser et al., 2012; Rahal et al., 2020), health
maintenance organizations (n=2) (Anda et al., 2010;
Walker et al., 1999), and criminal court cases (n =2)
(Raphael et al., 2001; Raphael & Widom, 2011).
Most studies were conducted in North America (n =
50) (Afifi et al., 2016; 2013; Anda et al., 2010; As-
Sanie et al., 2014; Badley et al., 2019; Baiden et al.,
2021; Barron, 1997; Bradford et al., 2012; Brennen-
stuhl & Fuller-Thomson, 2015; Chartier et al., 2007,
2010; Daily et al., 2022; Dennis et al., 2019; Diaz-Ola-
varrieta et al., 2002; England-Mason et al, 2018;
Fuller-Thomson et al., 2009; 2011; Hammond & Col-
man, 2020; Hart-Johnson & Green, 2012; Jamieson &
Steege, 1997; Jiao et al., 2015; Ju et al., 2020; Kopec &
Sayre, 2005; Nicol et al., 2016; Park et al., 2016; Pebole
et al., 2022; Pierce et al., 2020; 2022; Rahal et al., 2020;
Raphael et al., 2001; Raphael & Widom, 2011; Sachs-
Ericsson et al., 2007; 2017; Schlauch et al., 2022;
Schrepf et al., 2018; Shields et al., 2015; Sprang et al.,
2020; Springer et al., 2007; Swanson et al., 2013; Talley
et al, 1994; Tietjen et al., 2009; 2010; 2015; 2017;
Waehrer et al, 2020; Walker et al., 1999; Wuest
et al., 2009; 2010; 2008; You et al., 2019), Europe (n
=24) (Bacon & White, 2022; Bellis et al., 2018; Bend-
ixen et al., 1994; Bottiroli et al., 2018; Brown et al.,
2018; Chandan et al., 2020; Eriksen et al., 2016; Fowler
et al., 2020; Hanlon et al., 2020; Hauser et al., 2012;
2018; Kamiya et al., 2016; Kascakova et al., 2020;
Mays et al, 2021; McBeth et al, 2015; Noteboom
et al., 2021; Piontek et al., 2021; Riedl et al., 2019;
Sheikh, 2018, 2019; Sumanen et al., 2007; Varinen
et al., 2017; 2019; Viana et al., 2018), Australasia (n
=9) (Anno et al., 2015; Coles et al., 2015; Li et al,,
2022; Lin et al., 2021; Park et al., 2014a; Santo et al,,
2022; Stickley et al, 2015; Talley et al., 1998; Xu
et al., 2013), and one in Saudi Arabia (n =1) (Alhalal
et al., 2018). Three studies covered multiple countries
(Lee et al., 2009; Reuchlein et al., 2016; Scott et al.,
2011), ACEs were collected through self-reported
questionnaires (n = 76) (Afifi et al., 2016; 2013; Alhalal
et al., 2018; Anda et al., 2010; As-Sanie et al., 2014;
Bacon & White, 2022; Badley et al., 2019; Baiden
et al., 2021; Barron, 1997; Bellis et al., 2018; Bendixen

et al., 1994; Bottiroli et al., 2018; Bradford et al., 2012;
Brennenstuhl & Fuller-Thomson, 2015; Brown et al.,
2018; Chartier et al., 2007, 2010; Coles et al., 2015;
Daily et al., 2022; Dennis et al., 2019; Diaz-Olavarrieta
et al., 2002; England-Mason et al., 2018; Eriksen et al.,
2016; Fowler et al., 2020; Fuller-Thomson et al., 2009;
2011; Hammond & Colman, 2020; Hanlon et al., 2020;
Hart-Johnson & Green, 2012; Hauser et al., 2012;
2018; Jamieson & Steege, 1997; Ju et al., 2020; Kamiya
et al., 2016; Kascakova et al., 2020; Kopec & Sayre,
2005; Li et al, 2022; Lin et al, 2021; Mays et al.,
2021; McBeth et al.,, 2015; Nicol et al.,, 2016; Park
et al., 2016; Pebole et al., 2022; Pierce et al., 2020;
2022; Piontek et al., 2021; Rahal et al., 2020; Raphael
et al.,, 2001; Reuchlein et al., 2016; Riedl et al., 2019;
Schlauch et al., 2022; Schrepf et al.,, 2018; Sheikh,
2018, 2019; Shields et al., 2015; Sprang et al., 2020;
Springer et al., 2007; Stickley et al.,, 2015; Sumanen
et al., 2007; Swanson et al., 2013; Talley et al., 1998;
1994; Tietjen et al., 2009; 2010; 2015; 2017; Varinen
et al., 2017; 2019; Viana et al., 2018; Waehrer et al.,
2020; Walker et al., 1999; Wuest et al., 2009; 2010;
2008; Xu et al., 2013; You et al,, 2019), documented
court cases (n=2)(Raphael et al., 2001; Raphael &
Widom, 2011), interviews (n=38) (Jiao et al., 2015;
Lee et al., 2009; Noteboom et al., 2021; Park et al.,
2014a; Sachs-Ericsson et al., 2007; 2017; Santo et al.,
2022; Scott et al., 2011) or clinical assessment (n=1)
(Chandan et al., 2020). Complaints of chronic pain
and disability were assessed using validated patient
reported health questionnaires (n=76) (Afifi et al.,
2016; 2013; Alhalal et al., 2018; Anno et al., 2015; Bad-
ley et al., 2019; Baiden et al., 2021; Barron, 1997; Bend-
ixen et al., 1994; Bottiroli et al., 2018; Brennenstuhl &
Fuller-Thomson, 2015; Brown et al., 2018; Chartier
et al., 2007, 2010; Coles et al., 2015; Dennis et al,,
2019; Diaz-Olavarrieta et al., 2002; England-Mason
et al., 2018; Eriksen et al., 2016; Fowler et al., 2020;
Fuller-Thomson et al., 2009; 2011; Hammond & Col-
man, 2020; Hanlon et al, 2020; Hart-Johnson &
Green, 2012; Hauser et al., 2018; Jamieson & Steege,
1997; Jiao et al., 2015; Kamiya et al., 2016; Kascakova
etal., 2020; Lee et al., 2009; Lin et al., 2021; Mays et al.,
2021; McBeth et al., 2015; Nicol et al., 2016; Noteboom
etal., 2021; Park et al., 2014a; Pebole et al., 2022; Pierce
et al., 2020; Reuchlein et al., 2016; Riedl et al., 2019;
Sachs-Ericsson et al., 2007; 2017; Schrepf et al., 2018;
Scott et al., 2011; Sheikh, 2018, 2019; Shields et al.,
2015; Sprang et al., 2020; Springer et al., 2007; Stickley
etal., 2015; Talley et al., 1998; 1994; Tietjen et al., 2009;
2010; 2017; Varinen et al., 2017; 2019; Viana et al.,
2018; Waehrer et al, 2020; Walker et al., 1999;
Wuest et al., 2009; 2010; 2008; Xu et al., 2013; You
et al., 2019), while other studies utilized clinical assess-
ment techniques by a health professional (n=11)
(Badley et al., 2019; Bottiroli et al.,, 2018; Chandan
et al., 2020; Héuser et al., 2012; Jiao et al., 2015; Ju



et al., 2020; Nicol et al., 2016; Tietjen et al., 2009; 2010;
Viana et al., 2018; Walker et al., 1999) (Table 1).
Thirty seven studies reported on any direct, with or
without indirect ACEs (Bacon & White, 2022; Bellis
et al., 2018; Daily et al., 2022; Fuller-Thomson et al.,
2011; Hanlon et al., 2020; Kascakova et al., 2020;
Kopec & Sayre, 2005; Li et al., 2022; Lin et al., 2021;
McBeth et al., 2015; Park et al., 2014a; 2016; Pierce
et al.,, 2022; Piontek et al., 2021; Rahal et al., 2020;
Raphael et al., 2001; Raphael & Widom, 2011; Sachs-
Ericsson et al., 2007; Santo et al., 2022; Schlauch
et al,, 2022; Sheikh, 2018, 2019; Sprang et al., 2020;
Stickley et al., 2015; Talley et al., 1994; 1998; 2015;
2017; Viana et al., 2018; Waehrer et al., 2020; Walker
et al., 1999; Wuest et al., 2008; 2009; 2010; Xu et al.,
2013; You et al.,, 2019). Direct ACEs concerned phys-
ical abuse (60 studies, 69%) (Afifi et al., 2016; 2013;
Anda et al,, 2010; As-Sanie et al., 2014; Badley et al.,
2019; Baiden et al., 2021; Barron, 1997; Bottiroli
et al., 2018; Brennenstuhl & Fuller-Thomson, 2015;
Brown et al.,, 2018; Chandan et al., 2020; Chartier
et al., 2007, 2010; Dennis et al., 2019; Diaz-Olavarrieta
et al., 2002; England-Mason et al., 2018; Eriksen et al.,
2016; Fowler et al., 2020; Fuller-Thomson et al., 2009;
2011; Hammond & Colman, 2020; Hanlon et al., 2020;
Hart-Johnson & Green, 2012; Hauser et al., 2012;
2018; Jiao et al.,, 2015; Ju et al., 2020; Kascakova
et al.,, 2020; Kopec & Sayre, 2005; Lee et al., 2009;
Lin et al, 2021; Mays et al, 2021; McBeth et al,
2015; Nicol et al., 2016; Noteboom et al., 2021; Park
et al., 2014a; 2016; Pebole et al., 2022; Pierce et al,,
2020; Raphael et al., 2001; Raphael & Widom, 2011;
Reuchlein et al., 2016; Riedl et al., 2019; Sachs-Erics-
son et al., 2007; 2017; Schrepf et al., 2018; Scott
et al., 2011; Sheikh, 2018; Shields et al., 2015; Sprang
et al., 2020; Springer et al., 2007; Stickley et al., 2015;
Swanson et al., 2013; Talley et al., 1998; 1994; Tietjen
et al,, 2009; 2010; 2017; Walker et al., 1999; You
et al., 2019), sexual abuse (n =56, 64%) (Afifi et al.,
2016; Anda et al., 2010; As-Sanie et al., 2014; Badley
et al., 2019; Baiden et al., 2021; Barron, 1997; Bendixen
et al., 1994; Bradford et al., 2012; Brennenstuhl &
Fuller-Thomson, 2015; Brown et al., 2018; Chandan
et al., 2020; Chartier et al., 2007, 2010; Coles et al.,
2015; Dennis et al., 2019; Diaz-Olavarrieta et al.,
2002; England-Mason et al, 2018; Eriksen et al.,
2016; Fowler et al., 2020; Hanlon et al., 2020; Hart-
Johnson & Green, 2012; Hauser et al., 2012; 2018;
Jamieson & Steege, 1997; Jiao et al., 2015; Ju et al,
2020; Kamiya et al., 2016; Kascakova et al., 2020; Lee
et al, 2009; Mays et al.,, 2021; McBeth et al., 2015;
Nicol et al., 2016; Noteboom et al., 2021; Park et al.,
2014a; Park et al., 2016; Pebole et al., 2022; Pierce
et al., 2020; Raphael et al., 2001; Raphael & Widom,
2011; Reuchlein et al., 2016; Riedl et al., 2019; Sachs-
Ericsson et al., 2007; 2017; Schrepf et al., 2018; Scott
et al,, 2011; Sheikh, 2018; Sprang et al., 2020; Stickley
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et al., 2015; Talley et al., 1998; 1994; 2009; 2010; Tiet-
jen et al., 2015; 2017; Walker et al., 1999; You et al,,
2019), emotional abuse (n=36, 41%) (Anda et al,
2010; Barron, 1997; Bottiroli et al., 2018; Bradford
et al., 2012; Brown et al., 2018; Chandan et al., 2020;
Dennis et al., 2019; Eriksen et al., 2016; Hammond
& Colman, 2020; Hanlon et al., 2020; Hauser et al.,
2012; 2018; Jiao et al., 2015; Kascakova et al., 2020;
Kopec & Sayre, 2005; Lin et al,, 2021; Mays et al,
2021; McBeth et al., 2015; Noteboom et al., 2021;
Park et al., 2014a; 2016; Pebole et al., 2022; Riedl
et al., 2019; Sachs-Ericsson et al., 2017; Sheikh, 2019;
Sumanen et al, 2007; Talley et al., 1994; Tietjen
et al.,, 2009; 2010; 2015; 2017; Varinen et al., 2017;
2019; Walker et al., 1999; Xu et al., 2013; You et al.,
2019), and neglect (n=9, 10%) (Anno et al.,, 2015;
Chandan et al., 2020; Fowler et al., 2020; Hanlon
et al., 2020; Lee et al.,, 2009; Riedl et al., 2019; Scott
et al., 2011; Stickley et al., 2015; Xu et al.,, 2013),
where emotional (n =15, 16%) (Bottiroli et al., 2018;
Bradford et al, 2012; Brown et al., 2018; Dennis
et al, 2019; Hauser et al, 2012; 2018; Kascakova
et al., 2020; Mays et al., 2021; Pebole et al., 2022; Tiet-
jen et al., 2009; 2010; 2015; Walker et al., 1999) or
physical neglect (n=15, 17%) (Bottiroli et al., 2018;
Brown et al., 2018; Dennis et al., 2019; Hauser et al.,
2012; 2018; Kascakova et al., 2020; Mays et al., 2021;
Pebole et al., 2022; Raphael et al., 2001; Raphael &
Widom, 2011; Reuchlein et al., 2016; Talley et al,
1998; Tietjen et al., 2009; 2010; Walker et al., 1999)
was specified. Further, 47 of the 85 studies also
reported one indirect ACE or more, including witnes-
sing intimate partner violence, parental unemploy-
ment, substance abuse, mental illness, criminality,
divorce, loss or death, and financial difficulties (Afifi
et al.,, 2013; 2016; Anda et al., 2010; Bacon & White,
2022; Badley et al., 2019; Barron, 1997; Bellis et al,,
2018; Bottiroli et al., 2018; Bradford et al., 2012; Bren-
nenstuhl & Fuller-Thomson, 2015; Brown et al., 2018;
Chandan et al., 2020; Chartier et al., 2010; Daily et al,,
2022; Dennis et al., 2019; England-Mason et al., 2018;
Fowler et al., 2020; Fuller-Thomson et al., 2009; 2011;
Hammond & Colman, 2020; Ju et al., 2020; Kopec &
Sayre, 2005; Lee et al., 2009; Li et al., 2022; Lin et al,,
2021; Noteboom et al., 2021; Park et al., 2014a; Park
et al., 2016; Piontek et al., 2021; Reuchlein et al.,
2016; Riedl et al., 2019; Sachs-Ericsson et al., 2007;
2017; Santo et al., 2022; Schlauch et al., 2022; Schrepf
et al., 2018; Scott et al., 2011; Sheikh, 2018; Sprang
et al., 2020; Springer et al., 2007; Stickley et al., 2015;
Sumanen et al., 2007; Swanson et al., 2013; Talley
et al., 1998; Varinen et al., 2017; 2019; Waehrer
et al., 2020; You et al., 2019). Thirty three studies
reported a dose-response relationship between direct
ACEs (with or without indirect ACEs) and chronic
pain and pain-related disability (Afifi et al., 2016;
Anda et al., 2010; Bellis et al., 2018; Bottiroli et al.,



Table 1. Study Characteristics, risk estimates of long-term chronic pain and pain-related disability outcomes following adverse childhood experience.

Population
Setting Total ACE assessment Disability Cumulative
(sample size) number (Self-reported Pain (adjusted) (adjusted) (adjusted)
Source Mean age in Allocated of ACEs questionnaires Outcomes ORs (95% Cl) unless ORs (95% Cl) ORs (95% Cl)
Country (Study years (female  (ACEs / No  exposure unless indicate (Clinical assessment; mentioned unless mentioned  unless mentioned
design) gender) ACEs) (direct) Direct ACE n (%) Indirect ACE otherwise) Questionnaire) otherwise otherwise otherwise Quality
Afifi et al. (2013)*2 Community N/A 5(4) Any ACEs: 3375 Witness IPV CTS; CTQ Arthritis (Questionnaire)  Any ACE: 1.27 N/A N/A Fair
USA (CS) (34,226) (24.1%) (1.17-1.37)***
N/A PA: 293 (22.5%) PA: 1.25 (1.01-
N/A 1.54)*
Afifi et al. (2016)* Community N/A 3(2) Any ACEs: 8422 Witness IPV CEVQ Arthrites, back pain, Arthritis N/A Arthritis Good
Canada (CS) (23,395) (36%) (Standardized migraine, Any ACE: 1.4 (1.3, 2 ACEs: 1.2
N/A PA (any health definitions) (Questionnaire) 1.6)%** (0.9-1.6)
(NA) condition): 6785 PA: 1.1 (0.9, 1.2) 3 ACEs: 1.4
(29%) SA: 1.0 (0.8, 1.2) (1.0-2.0*
SA (any health Back problems Back problems
condition): 2924 1 ACE: 1.6 (1.4- 2 ACEs: 1.5
(12.8%) 1.7)%** (1.2-1.8)***
Migraine 3 ACEs: 1.0
1 ACE: 1.9 (1.6- (0.7-1.4)
2.2)*** Migraine
2 ACEs: 1.9
(1.4-2.6)***
3 ACEs: 2.0
(1.3-3.0)%**
Alhalal et al. (2018)**  Community N/A 3 PA: 91 (30.4%) N/A CTQ Chronic pain N/A N/A ACEs (PA + SA +  Fair
Saudi Arabia (CS) (299) SA: 115 (38.4%) (Questionnaire) EA) with PTSD):
36.1 yrs EA: 136 (45.5%) B=0.056, SE=
(100%) 0.071, p=.432
Indirect ACEs
with PTSD: B=
0.108, SE=
0.040, p= .004*
Anda et al. 2010)'°  HMO (17,337) N/A 8 (3) SA: 3519 (20.7%) PSA, PMI, PC, PMC, (TS Frequent headache PA: 1.4 (1.3-1.5) N/A 1ACE: 1.2 (1.1- Fair
USA (CS) 65 yrs (54%) PA: 4905 (28.3%) PSD (Questionnaire) SA: 1.3 (1.1-1.4) 1.3)
EA: 1838 (10.6%) EA: 1.6 (1.4-1.7) 2 ACEs: 1.4
(1.3-1.6)
3 ACEs: 1.7
(1.5-1.9)
4 ACEs: 2 (1.7-
2.3)
> 5 ACEs: 2.1
(1.8-2.4)%**
Anno et al. (2015)**  General 107/653 1 N: 107 (14.1%) N/A Parental Bonding  Chronic pain Father Neglect: 1.41  N/A N/A Fair
Japan (CS) (760) Instrument (Questionnaire) (0.84-2.37)**
59.3 yrs Mother Neglect:
(62.4%) 1.51 (0.91-2.53)
2 N/A N/A Fair
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As-Saine et al.
(2014)"°
USA (CS)

Badley et al. (2019)%
Canada (CS)

Baiden et al. (2021)*7
USA (CS)

Bacon et al. (2022) 7
UK (CS)

Barron et al. (1997)%
USA (CS)

Bellis et al. (2018)""®
UK (CS)

Bendixen et al.
(1994)*°
Norway (CS)

Bottiroli et al. (2018)*°
Italy (CS)

Clinical
(210)

34.8 yrs
(100%)
Community
(21,889)
N/A
(N/A)

Community
(75,717)
N/A
(49.7%)

Community
(723)
FM:42.3 yrs
/ HCs: 36.9
yrs
(FM: 100% /
HCs: 100%)

Clinical
(239)

45 yrs
(70%)

Community
(2452)
N/A
(54.5%)

Students
(996)
22.7 yrs
(51.2%)

Students
(331)
429 yrs
(80%)

PA: 65/155
SA: 77/
167

N/A

PA: 19388/
56379
SA:
4260/
71457

569/154

PA: 58/181
SA: 33/
206
EA: 102/
137

1190/1262

Male
17/469
Female
99/411

N/A

3(2)

62 (4)

PA: 65 (23.8%)
SA: 77 (28.2%)

PA: 5910 (27%)
SA: 7004 (32%)

PA: 19388 (25.5%)
SA: 4260 (5.6%)

Any ACE: 569
(78.7%)

PA: 58 (24%)
SA: 33 (14%)
EA: 102 (42%)

PA: 382 (32.1%)
SA: 184 (15.5%)
EA: 481 (40.4%)
PN: 101 (8.5%)
EN:184 (15.5%)

Male
SA: 17 (3.5%)
Female
SA: 99 (19.4%)

PA (EM/ EM+MOH):
12 (8%) /26
(15%),

EA (EM/ EM
+MOH): 11 (7%)/
20 (11%),

EN (EM/ EM
+MOH): 51
(34%)/84 (47%)
PN (EM/ EM
+MOH): 31
(20%)/54 (30%)

Witness IPV

N/A

PSD, PSA, IPV, PMI,
PC

PLD, PSA

PSD, PSA, IPV, PMI,
PC

N/A

Stressful life-events
(62 items)

Sexual and Physical
Abuse History
Questionnaire

CEVQ

Family Health
History and
Health Appraisal
Questionnaire
(CDC- Kaiser ACE)

ACE Scale

Computerized Pain
History
Questionnaire

CDC-ACE Tool and
Short Child
Maltreatment
Questionnaire

Questionnaire

(Standardized
definition of SA)

c1Q

Chronic pelvic pain
(Questionnaire)

Arthritis
(Clinical assessment)

Chronic pain (arthritis,
FM)
(Questionnaire)

FM (Questionnaire)

Chronic pain
(Questionnaire)

Frequent headache
(Questionnaire)

Chronic pain (pelvic
pain, headache,
abdominal pain,
muscular pain)
(Questionnaire)

Chronic migraine
(Clinical assessment)

PA: 0.57 (0.20-1.57)

SA: 0.80 (0.29-
2.24)

PA (Severe/
frequent): 2.3
(1.5-3.4)*

PA (Severe): 1.3
(1.1-1.6)*

SA (Severe
/frequent): 1.9
(1.4-2.5)**

SA Severe 1.8
(1.5-2.3)**

PA: 1.36 (1.28-
1.46)***

SA: 1.74 (1.54-
1.97)%**

Standardized
Coefficients (95%
(@)]

Any ACE: 0.11
(0.02,0.07)***

PA: t(237) = —1.27
SA: 1(237) =
—0.40

EA: 1(237) =
—1.58

ACE: 1.48 (1.14-
1.92)**

—_

Any ACEs: RR (SE):
1.38 (0.01)***

N/A

PA: 0.82 (0.37-
1.82)
SA: 0.58 (0.25-
1.34)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

3 ACEs: 1.75
(1.33-2.28)***
>4 ACEs: 2.71
(2.05-3.59)***

N/A

EA + EN: 2.66
(1.15-6.12)*

Fair

Fair

Fair

Poor

Fair

Poor

Good

PA + PN + SA:

1.84 (1.13-
2.98)%

(Continued)
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Table 1. Continued.

Population
Setting Total ACE assessment Disability Cumulative
(sample size) number (Self-reported Pain (adjusted) (adjusted) (adjusted)

Source Mean age in Allocated of ACEs questionnaires Outcomes ORs (95% Cl) unless ORs (95% CI) ORs (95% CI)

Country (Study years (female  (ACEs / No  exposure unless indicate (Clinical assessment; mentioned unless mentioned  unless mentioned

design) gender) ACEs) (direct) Direct ACE n (%) Indirect ACE otherwise) Questionnaire) otherwise otherwise otherwise Quality

Bradford et al. Clinical and N/A 4 (3) PA (IBS/Control): General trauma (e.g.  Early Adverse Life IBS EA: 2.26%** N/A N/A Good
(2012)”7 Community 178 (60%)/ 214 PLD, FEI) Events (Questionnaire) EN (often
USA (CQ) (729) (49.2%) Questionnaire ignored): 3.08***

1BS:36.3 yrs SA (IBS/Control): EN (treated in a

/ HCs: 29.5 92(31.2%)/ 78 cold, uncaring

yrs (17.9%) way or not loved):

(IBS: 79% / EA (IBS/Control): 2.64%%*

HCs: 76.7%) 161(54.9%)/ 117 SA (forced or

(27%) coerced to touch

someone
intimate part):
2.92%**
SA (had genital
sex against will):
4,05%**

Brennenstuhl et al. Community 5072/ 3(2) Male Witness IPV CEVQ Migraine Men N/A Men Fair
(2015)* (22,996) 15681 PA: 3201 (30.9%) (Questionnaire) Any ACE: 1.43 >2 ACEs: 2.32
Canada (CS) 47.7 yrs SA (touching): (1.25-1.62) (1.97-2.73)

(52.7%) 228 (2.2%) PA: 1.50 (1.25- > 3 ACEs: 2.85
SA (forced sex): 1.80) (2.25-3.60)
373 (3.6%) SA (only Women
Female touching): >2 ACEs: 2.51
PA: 2692 (21.3%) 1.14 (0.70, 1.86) (1.94-3.25)

SA (touching): SA (forced): 1.70 > 3 ACEs: 3.26
784 (6.2%) (1.22-2.36) (2.09-5.07)
SA (forced sex): Women
1024 (8.1%) Any ACE: 1.36

(1.13-1.65)

PA: 1.61 (1.42,

1.83)

SA (only

touching):

0.83 (0.66—1.04)

SA (forced): 1.32

(1.11-1.57)

Brown et al. (2018)* Community N/A 6 (5) SA: 343 (16.8%) Bullying c1Q Chronic pain, bodily Standardized N/A N/A Good
Germany (CS) (2,510) PA: 309 (14.3%) pain, headache, spine Coefficients

48.3 yrs EA: 462 (22.9%) pain PA: 0.08,***

(53.2%) EN: 1027 (72.3%) (Questionnaire) SA: 0.09%**
PN: 1028 (71.4%) EA: 0.09***

EN: —0.06**
PN: 0.07**

Chandan et al. Clinical 80,657/ 5(4) PA, SA, EA, N (PN, Witness IPV Childhood Chronic LBP, TMJ IRR (95%Cl) N/A N/A Poor
(2020)"%4 (241,971) 161,314 EN): 80,657 maltreatment disorders, myofascial Chronic LBP:

UK (Retrospective (33.3%) EMR code pain syndrome (MPS) 1.99%** (1.68—
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cohort — 2.2 yrs
median follow-up)

Chartier et al. (2007)*
Canada (CS)

Chartier et al. (2010)*
Canada (CS)

Coles et al. (2015)*
Australia (CS)

Daily et al. (2022)'*?
USA (CS)

Dennis et al. (2019)*®
USA (CS)

Diaz-Olavarrieta et al.
(2020
Mexico (CS)

23.3 yrs
(58.3%)

Community 3,212/
(9,953) 6,741
N/A
(27.5%)

Community 3,212/
(9,953) 6,741
N/A
(27.5%)

Community 889/6,264
(9,145)
30.6 yrs
(100%)

Community
(2831)
N/A
(76.3%)

Clinical
(326)

40.3 yrs
(100%)

1443/1388

274/ 52

Clinical 259/1053

(1,780)

10 (5)

10 (5)

PA: 2414 (26%)
SA: 798 (8.6%)
(PA+SA): 426
(4.3%)

PA: 2414 (26%)
SA: 798 (8.6%)
(PA+SA): 426
(4.3%)

SA: 889 (9.7%)

Any ACE: 1443
(51%)

PA: 98 (30.1%)
SA: 113 (34.7%)
EA: 156 (47.9%)
EN: 146 (44.8%),
PN: 54 (16.6%)

PA + SA: 259
(14.6%)

N/A

PMC, PMI

N/A

PSD, PSA, IPV, PMI,
PC

PSA, PMI, PC, PMC
PSD

N/A

(Objectively
verifiable
methods)

cTs

cTs

Questionnaire
(Standardized
definition of SA)

Brief Family History

Questionnaire

CTS; The Wyatt
Sexual History
Questionnaire

Abuse Assessment

Screen
Questionnaire

FM, IBS, chronic
headache, vulvodynia
(Clinical assessment)

Chronic pain
(Questionnaire)

Chronic pain
(Questionnaire)

Chronic pain
(Questionnaire)

Chronic pain
(Questionnaire)

Chronic pain,
(generalized pain, FM,
widespread pain)
(Questionnaire)

Pelvic pain, headache,
spine pain
(Questionnaire)

2.35)
TMJ disorder:
1.00 (0.88-1.13)
MFP syndrome:
0.88 (0.36-2.14)
Combined
chronic MSDs:
141 (1.31-
1.53)***
Fibromyalgia:
2.06 (1.71
—2.48)***
Headache: 1.04
(0.59-1.86)
IBS: 1.15 (1.08—
1.22)%**
Vulvodynia: 0.65
(0.34-1.26)
Combined
chronic non-
MSDs (visceral)
syndrome: 1.14
(1.07-1.22)***

PA: 1.68 (1.30-
2.16)*
SA: 1.34 (0.90-
1.99)

PA: 1.51 (1.14-
1.98)*
SA: 0.96 (0.63-
1.45)

SA: 1.37 (1.19-
1.58)*

Any ACEs: 1.61

(1.38-1.87)**

Mean
Mothers with
pain = 3.72
Mothers without
pain = 3.17

Unajusted OR (SE)
PA and/or SA:
PSS: 1.82 (0.16)*

PA: 1.64 (1.33-
2.01)*
SA: 1.81 (1.33-
2.46)*

PA: 1.41 (1.13-
1.76)*
SA: 1.34 (0.97-
1.86)

N/A

N/A

N/A

N/A

N/A Fair
1-6 ACEs Good
Pain: 1.24
(1.14-1.36)*
Disability: 1.24
(1.15-1.33)*
N/A Fair
N/A Fair
Good
N/A Fair

(Continued)
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Table 1. Continued.

Population
Setting Total ACE assessment Disability Cumulative
(sample size) number (Self-reported Pain (adjusted) (adjusted) (adjusted)

Source Mean age in Allocated of ACEs questionnaires Outcomes ORs (95% Cl) unless ORs (95% Cl) ORs (95% Cl)

Country (Study years (female  (ACEs / No  exposure unless indicate (Clinical assessment; mentioned unless mentioned  unless mentioned

design) gender) ACEs) (direct) Direct ACE n (%) Indirect ACE otherwise) Questionnaire) otherwise otherwise otherwise Quality

448 yrs Headache: 1.82
(100%) (0.14)*
Spine: 1.77
(0.15)*

England-Masson et al.  Community 7700/ 3(2) PA: 6070 (26.1%) Witness IPV CEVQ Chronic migraine Any ACEs: 1.38 N/A 2 ACEs: 2.07 Good
(2018)* (23,846) 16,191 SA: 2760 (10.1%) headaches, chronic (1.11-1.73) (1.46-2.94)*
Canada (CS) N/A back pain PA: 1.64 (1.33— 3 ACEs: 1.85

(48.07%) (Questionnaire) 2.02)* (1.05-3.26)*
SA: 1.34 (1.00-
1.80)*
Eriksen et al. (2016)*° Community 2358/ 3 Female N/A SAMINOR 2 Chronic painful MSDs Women (RR, 95%Cl) N/A N/A Poor
Norway (CS) (11,130) 8773 PA: 615 (9.9%) Questionnaire (neck/shoulder, back Any ACEs: 1.5
N/A SA: 785 (12.6%) pain), Chest pain; (1.3-1.7)
(61.6%) EA: 882 (14.2%) stomach/pelvic pain Neck/shoulder
Male (Questionnaire) pain: 1.4 (1.2-1.6)
PA: 414 (8.4%) Back pain: 1.6
SA: 191 (3.8%) (1.4-1.8)
EA: 676 (13.7%) Chest pain: 1.7
(1.4-2.1)
Stomach/Pelvic
pain: 1.8 (1.5-2.1)
Men (RR, 95%Cl)
Any ACEs: 1.5
(1.3-1.7)
Neck/shoulder
pain: 1.5 (1.3-1.8)
Back pain: 1.4
(1.2-1.7)
Chest pain: 1.6
(1.2-2.1)
Stomach/Pelvic
pain: 1.7 (1.4-2.1)

Fowler et al. (2020)>° Community N/A 10 (3) PA: 234 (13.7%) PSD, PLD, leaving Kessler ACE Scale Chronic pain (neck or 1-2 ACEs: 1.49 1-2 ACEs: 1.09 Pain Good

Ukraine (CS) (1,720) SA: 26 (1.5%) home, PMI, PSA, back problems, (1.06, 2.10)* (0.80, 1.47) 1-2 ACE: 1.49
46 yrs N: 237 (14%) PC arthritis or (1.06, 2.10)*
(55%) rheumatism, frequent > 3 ACEs: 3.81
or severe headaches) (2.19, 6.60)***
(Questionnaire) Disability
1-2 ACEs: 1.09
(0.80, 1.47)
> 3 ACEs: 2.72

(1.69, 4.37)***
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Fuller-Thompson
et al. (2009)°"
Canada (CS)

Fuller-Thompson
et al. (2011)%
Canada (CS)

Hammond et al.
(2020)%
Canada (CS)

Hanlon et al. (2020)*
UK (CS)

Hart-Johnson et al.
(2012)*
USA (CS)

Community
(11,108)
N/A
(51.4%)

Community
(7,342)
N/A
(100%)

Community
(11,910)
N/A
(50.2%)

Community
(157,357)
N/A
(56%)

Clinical
(164)
38.2 yrs
(64%)

854/ 4
10,254

=

)

705/6637 4(1)

N/A 6(2)

52,675/ 4
102,798

N/A 3

PA: 854 (6.9%)

PA: 705 (9.6%)

PA: 1555 (9.7%);
EA: 2668 (22.4%)

PA: 29,799 (18.9%)
SA: 13,647 (8.7%)
EA: 24,552
(15.6%)

N: 9005 (5.7%)

PA: 79 (48.4%)
SA (Intercourse):
80 (48.9%)
SA (Molestation):
48 (29.1%)

PU, PSA, PSD,

PU, PSA, PSD,

Hospitalized as child,
PU, PSA, PSD

N/A

N/A

CCHS

CCHS

CCHS

c1Q

Drossman Abuse
Questionnaire

OA
(Questionnaire)

FM, IBS
(Questionnaire)

Chronic migraine
(Questionnaire)

Widespread pain
(Questionnaire)

Chronic painful MSDs
(leg, back, hip/pelvis
or arm/shoulder)
(Questionnaire)

PA (all age): 1.56
(1.21-2.00)*
40-49 yrs: 8.67
(6.07-12.38)*
50-59 yrs: 25.10
(17.81-35.38)*
60-69 yrs: 36.98
(25.88-52.86)*
70-79 yrs: 49.07
(33.85-71.14)*
>80 yrs: 63.67
(42.48-95.43)*

Any ACEs (FM): 3.8
(1.4-3.1)

PA (FM): 1.65
(1.08-2.52)*
Any ACE (IBS):
1.49 (1.1-2.2)
PA (IBS): 1.14
(0.79-1.65)

Any ACE: 1.18
(1.01-1.39)*

Any ACE: 1.57
(1.26-1.97)
PA: 1.51 (1.23-
1.86)
SA: 1.65 (1.28-
2.11)
EA: 1.7 (1.38-2.1)
N: 1.76 (1.34-
2.32)

(R%A, F, B, P)
SA (molestation):
0.01, 0.74, —0.07,
0.39
SA (penetration):
0.01, 1.04, 0.09,
0.31
PA: 0.01, 1.88,
0.12, 0.17
(R*A, F, B, P)
SA (molestation):
0.00, 0.03, —0.01,
0.87
SA (penetration):
0.31, 0.04, 6.70,
0.21
PA: 0.04, 6.46,
0.21, 0.01

N/A

N/A

N/A

N/A

(R%A, F, B, P)
SA
(molestation):
0.02, 2.48,0.13,
0.12

SA (penetration):

0.04, 5.65, 0.20,
0.02

PA: 0.01, 1.76,
0.11, 0.19

N/A

N/A

Poor

2 ACEs: 1.75
(1.32-2.33)
3 ACEs: 2.24
(1.54-3.27)
4 ACEs: 3.19
(1.87-5.44)

N/A

Poor

Poor

Poor

Good

Good

(Continued)
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Table 1. Continued.

Population
Setting Total ACE assessment Disability Cumulative
(sample size) number (Self-reported Pain (adjusted) (adjusted)
Source Mean age in  Allocated of ACEs questionnaires Outcomes ORs (95% Cl) unless ORs (95% Cl) ORs (95% Cl)
Country (Study years (female  (ACEs / No  exposure unless indicate (Clinical assessment; mentioned unless mentioned  unless mentioned
design) gender) ACEs) (direct) Direct ACE n (%) otherwise) Questionnaire) otherwise otherwise Quality
Hauser et al. (2012)°®  Clinical and FM:153/ 4 Fibromyalgia / N/A c1Q FM PA: partial eta® = N/A N/A Poor
Germany (CC) community HC:153 Control (Clinical assessment) 0.009, d-0,1906
(306) EA (Moderate- SA: partial eta® =
50.3 yrs Severe): 15 (9.8)/ 0.02, d=0,026*
(FM: 87.6%/ 4 (2.6) EA: partial eta’ =
HC: 86.9%) EA (Severe- 0.05, d=0,459*
Extreme): 34 EN: partial eta® =
(22.2)/1 (0.7) 0.0003, d=0.0345
PA (Moderate-
Severe): 18
(11.8)/ 3 (2.0)
PA (Severe-
Extreme): 14
(9.2)/3 (2.0)
SA (Moderate-
Severe): 12 (7.8)/
10 (10.5)
SA (Severe-
Extreme): 24
(15.7)/ 4 (2.6)
EN (Moderate-
Severe): 22
(14.4)/ 16 (10.5)
EN (Severe-
Extreme): 20
(26.1)/ 14 (9.2)
PN (Moderate-
Severe): 20
(13.1)/ 30 (19.6)
PN (Severe-
Extreme): 26
(17.0)/ 15 (9.8)
Hauser et al. (2018)°®  General N/A 5 PA: 670 (27.6%) N/A cTQ Chronic pain (bodily PA: 0.86 (0.58-1.33) EA: 1.52 (0.68- N/A Good
Germany (CS) (2,425) SA: 230 (9.3%) pain) SA: 0.51 (0.34- 3.41)
50.8 yrs EA: 1560 (64.4%) (Questionnaire) 0.78)* PA: 0.61 (0.30-
(53.5%) EN: 569 (23.4%) EA: 0.85 (0.54- 1.24)
PN: 1319 (54.4%) 1.33) SA: 0.36 (0.16—
EN: 1.42 (0.92- 0.80)*
2.22) EN: 1.04 (0.46—
PN: 1.03 (0.74- 2.35)
1.34) PN: 1.56 (0.87—
2.82)
Jamieson et al. Clinical 150/354 1 SA: 150 (25.8%) N/A Drossman IBS SA: 2.77 (1.04-7.37) N/A N/A Fair
(1997)*7 (581) Abuse (Questionnaire)
USA (CS) N/A Questionnaire
(100%)
289/673 4 N/A Interviews N/A Poor
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Jiao et al. (2015)°® Clinical Any ACE: 289 (30%) FM Mean (SD) Mean (SD)
USA (CS) (962) Unique ACE: 113 (Clinical assessment) Any ACE (Physical Any ACE
46.9 yrs (41%), including: function): 5.05 (Physical
(97.9%) PA: 11 (10%) (2.21)*** function): 35.44
SA: 31 (27%) Any ACE (Pain): (21.04)***
EA: 71 (62.3%) 7.41 (1.99) Any ACE (Pain):
Cumulative ACEs: 21.82 (15.22)***
161 (59%)
Ju et al. (2020)*° Clinical N/A 6(2) PA: 68 (18.8%) PLD, PMC, PEl, other  CTES IBS PA: 2.59 (1.31- N/A > 2 ACEs: 1.14-  Fair
USA (CQ) (362) SA: 59 (16.2%) major upheavals (Clinical assessment) 5.12)%* 1.62); p < .001
30.3 yrs SA: 3.36 (1.54-
(72%) 7.34)%*
Kamiya et al. (2016)* Community ~ 451/6442 1 SA: 451 (6.6%) N/A Stressful Life Events ~ Chronic painful MSDs ~ SA: N/A N/A Poor
Ireland (CS) (6,897) Inventory (back, hips, knee, feet, Chronic painful
60.4 yrs mouth), arthritis MSDs: 1.23 (0.99—
(56%) (Questionnaire) 1.53)
Arthritis: 0.24
(0.002, 0.48)*
Kascakova et al. Community N/A 5 PA (migraine): 31 N/A cTQ Chronic pain (back pain, SEM (SE) N/A N/A Fair
(2020)%° (1,800) (13.9%) arthritis, migraine) Any ACE
Czech Republic (CS) 46.4 yrs PA (Other pain): (Questionnaire) (migraine): 0.101
(51.3%) 82 (13.0%) (0.039)*
SA (migraine): 21 Any ACE (other
(9.4%) pain): 0.050
SA (Other pain): (0.032)
41 (6.5%)
EA (migraine): 46
(20.6%)
EA (Other pain):
103 (16.3%)
EN (migraine): 57
(25.6%)
EN (Other pain):
128 (20.3%)
PN (migraine): 85
(38.1%)
PN (Other pain):
254 (40.2%)
Kopec et al. (2005)'%° Community N/A 6 (2) PA: 625 (6.5%) Hospitalized as child, Questionnaire: Back pain RR (95% Cl) N/A RR (95%Cl) Good
Canada (9,552) EA: 1804 (18.9%) PSA, PSD, PU, National (Questionnaire) Any ACE: 1.17 Overall
(Retrospective N/A leave home Population (0.97-1.41) 2+ ACEs: 1.49
cohort - 4 yrs (55.4%) Health Survey PA: 1.04 (0.78- (1.21-1.84)
follow-up) 1.4) Male
EA: 1.24 (1-1.54) 1 ACE: 0.97
2+ ACEs: 1.41*
Female
1 ACE: 1.34*%
2+ ACEs: 1.63*
7152/9403 10 (4) Interviews N/A Fair
(Continued)
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Table 1. Continued.

Population
Setting Total ACE assessment Disability Cumulative
(sample size) number (Self-reported Pain (adjusted) (adjusted) (adjusted)
Source Mean age in Allocated of ACEs questionnaires Outcomes ORs (95% Cl) unless ORs (95% CI) ORs (95% CI)
Country (Study years (female  (ACEs / No  exposure unless indicate (Clinical assessment; mentioned unless mentioned  unless mentioned
design) gender) ACEs) (direct) Direct ACE n (%) Indirect ACE otherwise) Questionnaire) otherwise otherwise otherwise Quality
Lee et al. (2009)°" Community PA: 1589 (9.6%) PLD, PSD, PMI, FFD, Chronic headache HR (95% Cl) 2 ACE: 1.41 (1.19-
Multiple countries (16,555) SA: 414 (2.5%) FC, PSA (Questionnaire) 1 ACE: 1.40 (1.22- 1.67)
(Colombia, Mexico, 46.2 yrs N: 1076 (6.5%) 1.60) 3+ACE: 1.63
United States, (52.5%) PA: 1.64 (1.44- (1.37-1.95)
Belgium, France, 1.88)***
Germany, ltaly, SA: 1.73 (1.38-
Netherlands, Spain, 2.17)%**
Japan) (CS) N: 1.21 (1.02-
1.43)*
Li et al. (2022)'" Community 1061/9590 13 (3) Any ACEs (PA, SA, Witness IPV, Life history survey  Arthritis (Questionnaire) N/A Any ACEs: Disability (4+ Fair
China (CS) (10,651) EN): 9590 (90.1%) PSA, PMI, Low-mild vs low- ACEs)
N/A PC, PSD, PLD, low trajectory: Low-mild
(23.1%) parental disability, 222 trajectory: 1.32
bullying, Peer (2.02,2.44)*** (1.11-1.57)***
rejection, Unsafe Mild-increasing mild-increasing
neighbourhood vs low-low trajectory: 1.41
trajectory: 3.85 (1.06-1.89)***
(3.32,4.47)%**
Lin et al. (2021)%2 Community 1755/377 10 (2) PA: 607 (30.8%) Witness IPV, PSA, Life history survey  Arthritis Any ACE: 1.06 N/A 2 ACEs: 1.42 Fair
China (CS) (1,972) EA: 680 (34.5%) PMI, PC, PSD, (Questionnaire) (0.91-1.23) (1.22-1.66)***
59.9 yrs bullying, PLD, 3 ACEs: 1.62
(51.6%) parental disability (1.37-1.93)***
4+ ACEs: 1.97
(1.67-2.33)***
Mays et al. (2021)% Clinical N/A 5 PA N/A cTQ Chronic migraine PA (Mod-Severe): N/A N/A Fair
Ireland (CS) (507) Moderate-Severe: (Questionnaire) 2.96 (0.83-10.56)
39.8 yrs 20 (3.9%) PA (Severe-
(89.9%) Severe-Extreme: Extreme): 4.30
36 (7.1%) (1.44-12.83)***
SA SA (Severe-
Moderate-Severe: Extreme): 0.73
26 (5.1%) (0.32-1.68)
Severe-Extreme: EA (Mod-Severe):
48 (9.5%) 0.56 (0.55-1.38)
EA EA (Severe-
Moderate-Severe: Extreme): 1.49
50 (9.9%) (0.57-3.84)
Severe-Extreme: EN (Mod-Severe):
86 (17%) 0.96 (0.37-2.48)
EN EN (Severe-

Moderate-Severe:
52 (10.3%)
Severe-Extreme:
74 (14.6%)

PN

Extreme): 0.20
(0.06-0.63)**

PN (Mod-Severe):
0.59 (0.29-1.22)
PN (Severe-
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Moderate-Severe:
85 (16.8%)
Severe-Extreme:

Extreme): 2.44
(0.84-7.05)
SA (Mod-Severe):

36 (7.1%) 1.74 (0.60-5.00)

McBeth et al. (2015)**  General 650/337 4 PA: 350 (35.4%) Parental bonding Childhood Physical  FM Any ACEs: 1.9 (0.9- N/A N/A Fair
UK (CS) (990) SA: 112 (11.3%) and Sexual Abuse (Questionnaire) 4.1)

N/A EA: 510 (51.5%) Questionnaire SA: 1.6 (0.8-2.9)
(55%) EA: 2.3 (1.05-5.2)
PA: 2.1 (0.8-5.7)

Nicol et al. (2016)%° Clinical 375/2706 2 PA + SA: 470 N/A Questionnaire Chronic body pain PA/SA: 1.04 (0.94-  PA/SA: 0.96 (0.94- N/A Fair

USA (CS) (3,081) (56.14%) (traumatic (Clinical assessment) 1.16) 0.98)***
45.7 yrs events) PA/SA: 0.87
(83.7%) (0.78-0.97)*

Noteboom et al. Community 4054/9435 4 Any ACE: 4054 N/A Interview Chronic painful MSDs, N/A N/A Painful MSDs Fair
(2021)%¢ (13,489) (28.7%) migraine 1-2 ACEs: 1.21
Netherlands (CS) 42.6 yrs PA: 1049 (7.8%) (Questionnaire) (1.06-1.39)**

(54%) SA: 1122 (7.6%) > 3 AECs: 1.75
EA: 2663 (19.8%) (1.51-2.03)***
Migraine
1-2 ACEs: 1.42
(1.16-1.75)***
> 3 AECs: 1.66
(1.31-2.10)*
Park et al. (2014)” Community 239/5782 5(2) 1 ACE: 166 (2.75%)  Sudden injury/ Interview Chronic pain Any ACE: 1.76 Any ACE: 1.83 Pain Good
Korea (CS) (6,027) PA: 35 (0.58%) accident, military (Questionnaire) (1.12-2.75)** (0.91-3.67)** > 2 ACE: 4.11
N/A SA: 42 (0.7%) combat, or natural (2.44-6.94)***
(55.5%) Other: 89 (1.48%) disaster Mobility:
>2 ACEs: 73 > 2 ACE: 3.84
(1.21%) (1.91-7.71)***
Park et al. (2016)'®° General N/A 8 (3) Any ACEs (IBS/HC): ~ PSA, PSD, PMI, PC, Adverse Childhood IBS Any ACE: 2.05 N/A 1-3 ACEs: 1.77 Good
USA (CQ) (294) 75.7%/ 59.7% PMC Events (Questionnaire) (1.21-3.48)** (1.03-3.06)*
IBS: 30.3 yrs PA (IBS/HC): Questionnaire; 4-6 ACEs: 3.83
/HCs: 31.1 (12.2%/ 7.8%) ETI (1.66-8.89)**
yrs SA (IBS/HQ): 7-9 ACEs: 4.08
(IBS: 73%/ 19.6%/ 9.74% (0.68-24.46)
HCs: 59%) EA (IBS/HC):
27.0%/ 13.6%
Pebole et al. (2021)%®  Clinical N/A 5 PA: 318 (49.4%) SA: N/A c1Q Chronic bodily pain PA: 1.53 (1.01- PA: 2.03 (1.35- N/A Good
USA (CS) (643) 281 (43.6%) EA: (Questionnaire) 2.33)* 3.06)* PN: 0.92
N/A 452 (70.2%) PN: PN: 1.01 (0.65- (0.60-1.41) SA:
(69.8%) 341 (53%) EN: 1.56) 1.11 (0.75-1.66)
493 (76.6%) SA: 1.18 (0.79- EA: 1.35 (0.84-
1.77) 2.18)
EA: 1.46 (0.87- EN: 0.84 (0.51-
2.45) 1.39)
EN: 1.08 (0.62-
1.87)
320/2798 2 N/A N/A Fair
(Continued)
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Table 1. Continued.

Population
Setting Total ACE assessment Cumulative
(sample size) number (Self-reported Pain (adjusted) (adjusted)
Source Mean age in Allocated of ACEs questionnaires Outcomes ORs (95% Cl) unless ORs (95% Cl) ORs (95% Cl)
Country (Study years (female  (ACEs / No  exposure unless indicate (Clinical assessment; mentioned unless mentioned  unless mentioned
design) gender) ACEs) (direct) Direct ACE n (%) Indirect ACE otherwise) Questionnaire) otherwise otherwise Quality
Pierce et al. (2020)%° Clinical PA + SA: 205 Questionnaire M Standardized Standardized
USA (CS) (3,118) (11.48%) (traumatic (Questionnaire) Coefficients Coefficients
50.3 yrs events) FM Survey Score: FM Survey
(59.5%) 0.16*** Score: 0.16***
Pierce et al. (2022)""  Clinical 300/1242 3 Any (PA, SA, EA): Questionnaire FM, Chronic pain Standardized N/A N/A Fair
USA (CS) (1,542) 54.0 300 (19.5%) (traumatic (Questionnaire) Coefficients Any
yrs (54.9%) events) ACEs:
FM survey score:
1.93 (1.12-
2.74)***
Chronic pain: 0.30
(0.07-0.53)*
Piontek et al. Clinical 106/128 10 (5) Any ACEs (SA, PA, PSD, PSA, IPV, PMI, ACE Scale Pelvic pain Pearson’s N/A N/A Fair
(2021)"® (234) EA EN, PN): 106 PC (Questionnaire) correlation
Germany (CS) 47.9 yrs (45.3%) coefficient
(55.98%) Any ACEs: 0.198**
Mediation
analysis (direct):
B=0.786**
Rahal et al. (2020)'°"  Clinical and ~ 862/0 4(3)  Any ACEs (PA, SA,  General trauma (e.g. ETI IBS Any ACEs: 1.10 N/A N/A Good
USA (CQ) community EA): 862 (84%) PLD, FEI) (Questionnaire) (1.06, 1.14)***
(862)
IBS: 34.4
yrs/ HCs:
304
(IBS: 77% /
HCs: 70%)
Raphael et al. Court 676/520 3 Objective report N/A Documented Chronic pain (MSDs and Documented ACEs ~ N/A N/A Good
(2001)%¢ (1196) AECs: 676 (56.5%) court cases non-MSDs) Any ACEs: 1.20
USA (Prospective 28.7 yrs PA: 100 (8.4%) Self-reported (Questionnaire) (0.92-1.57)
cohort — 20 yrs (48.7%) SA: 96 (8.0%) childhood PA: 1.23 (0.74—
follow-up) PN: 480 (40.1%) victimization. 2.05)
Self-reported SA: 1.39 (0.85-
ACEs: 743 (62.1%) 2.26)
PA: 610 (51.0%) PN: 1.20 (0.89-
SA: 291 (24.3%) 1.61)
PN: 384 (32.1%) Self-reported
ACEs

Any ACEs: 1.98
(1.50, 2.62)***

PA: 2.07 (1.55-
2.77)%**

SA: 2.20 (1.54-
3.15)**

PN: 2.38 (1.70-
3.32)***

"V 13 S3431Ssng v a 8l



Raphael et al.
(2011)'
USA (Prospective
cohort - 30 yrs
follow-up)

Reuchlein et al.
(2016)°
Poland, Germany
(&)

Reid| et al. (2019)""
Austria (CS)

Sachs-Ericsson et al.

(2007)"2
USA (CS)

Sachs-Ericsson et al.

(2017)
USA (CS)

Santo et al. (2022)
"4 Australia (CS)

Court
(807)
41.2 yrs
(53%)

Community
(1,008)
41.8 yrs
(53.2%)

Students
(1,480)
42.1 yrs
(55.2%)

Community
(5,877)
33.2 yrs
(ACEs:

73.7% / No

ACEs:
50.2%)
Community
(5,001)
43.0 yrs
(N/A)

Community

(1,418) 57.4
yrs (65.6%)

Objective report

PA: 78 (9.7%)
SA: 61 (7.6%)
PN: 349 (43.2%)

PA: N/A

SA: 30 (3%)
PN: N/A

PA: (6.1%)

SA: (5.0%)
EA: (18.6%)
N: (12.9%)

PA: 223 (3.8%)

SA: 294 (5.0%)
SA+PA: 105
(1.8%)

PA: 240 (4.8%)

SA: 200 (4%)
EA: 2435 (48.7%)

Any ACEs (PA, SA,

EA, PN): 329
(23%)
SA + EA: 324
(23%)

N/A Documented Chronic Pain
court cases (MSDs and non-
MSDs)

(Questionnaire)

PSD, Witness [PV,
PMC, FFD, did not
grow with birth

Adverse Childhood Chronic headache
Experiences (Questionnaire)
International

parents Questionnaire
Witness IPV, peer Maltreatment and  Chronic pain, Chronic
abuse Abuse painful MSDs
Chronology of (Questionnaire)

Exposure

PLD, PSD, FFD, PMI Interview Chronic pain (arthritis
or rheumatism, or
other bone and joint
diseases, chronic
pain, stomach pain)
(Questionnaire)

PLD, PMI Interview Chronic pain (arthritis,
chronic back or neck
problems, frequent or
severe headaches,
any other chronic
pain) (Questionnaire)

Witness IPV: Interview Chronic pain (spine
pain (64%), arthritis
(29%), visceral pain,
HA, FM. CRPS)

(Questionnaire)

Documented ACEs

Mean (SE)

Any ACEs (n =
458) / No ACE (n
=349):2.24 (0.10)
/177 (0.11)**

PN (n = 370) / No
ACE (n = 349):
2.19 (0.11) 1.75
(0.10)**

PA: 1.14

SA: 0.97
N: 2.78***

N/A

Any ACE: 1.40

(1.22-1.60)

Poisson Regression

(8, 95% CI)

PA: 0.040 (0.985,
1.100)

SA: 0.184 (1.114,
1.296)%**

EA: 0.092 (1.062,
1.132)%%*

Any ACEs: 1.18

(1.09-1.27)***
SA + EA:
1.04 (0.97-1.12);

Mean (SE) N/A Fair
Any ACEs (n =
458) / No ACE (n
= 349):
1.98 (.09) 1.66
(0.10)**
PN (n = 370) /
No ACE (n =
349): 1.92 (.10)
1.63 (0.10)*
N/A N/A Poor
N/A Chronic pain Good
1-3 ACEs: 1.72
(1.33-2.21)
4+ ACEs: 3.73
(2.38-5.84)
Painful MSDs
1-3 ACEs: 1.52
(1.11-2.09)
4+ ACEs: 2.50
(1.48-4.23)
N/A N/A Poor
N/A Mean (SD) Good
0 ACE: 0.66
(0.9)
1 ACE: 0.84
(0.99)
2 ACEs: 0.93
(1.1)
3 ACEs: 1.1 (1.1)
4 -7 ACEs: 1.3
(1.3)
Poisson
Regression (8,
95% Cl)

>1 ACEs: 0.071
(052, .090)***

Any ACEs: 1.35 N/A Fair

(1.27-1.45)***
SA + EA: 1.10
(1.04-1.17)***

(Continued)
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Table 1. Continued.

Population
Setting Total ACE assessment Disability Cumulative
(sample size) number (Self-reported Pain (adjusted) (adjusted) (adjusted)

Source Mean age in Allocated of ACEs questionnaires Outcomes ORs (95% Cl) unless ORs (95% CI) ORs (95% CI)

Country (Study years (female  (ACEs / No  exposure unless indicate (Clinical assessment; mentioned unless mentioned  unless mentioned

design) gender) ACEs) (direct) Direct ACE n (%) Indirect ACE otherwise) Questionnaire) otherwise otherwise otherwise Quality

Schrepf et al. (2018)"*  Clinical N/A 6 (2) SA: 85 (20%) PLD, PSD, FEI, Other  CTES Widespread pain N/A N/A Mean (SD), F- Fair
USA (CS) (835) PA: 65 (15%) trauma (Questionnaire) Value

43 yrs >1 ACEs: 1.69
(55%) (1.41), 32.81***

Schlauch et al. Community 10,904/ 10 (5) Any AECs (PA,SA, PSA, PMI, PC, PMC, Questionnaire Chronic pain, Back pain, Any AECs N/A 4+ AECs (24.1%)  Fair
(2022)"¢ (16,581) N/ 5,677 EA, EN, PN): Witness IPV, PSD Migraine, Back pain: 1.09 Chronic pain:

USA (CS) A (N/A) 10,904 (65.8%) Chronic pain (1.08-1.09) 1,65 (1,65-
syndrome Migraine: 1.11 1,66)
(Questionnaire) (1.10-1.11) Back pain: 1.58
Chronic pain (1.58-1.59)
syndrome: 1.22 Migraine: 1,79
(1.22-1.23) (1,78-1,8)
Chronic pain
syndrome: 3,29
(3,26- 3,32)

Scott et al. (2011)7 Community 7152/9403 11 (3) PA: N/A PLD, PSD, Other loss, Interview Chronic spine pain, HR (95% CI) N/A HR (95% Cl) Poor
Multiple countries (16,555) SA: N/A PMI, FFD, PC, PSA, Frequent, severe Spinal Pain Spinal pain
(Colombia, Mexico, 46.2 yrs N: N/A Witness IPV headache Any ACE: 1.13 2 ACEs: 1.34
United States, (52.5%) (Questionnaire) (1.02-1.25)* (1.17-1.54)*

Belgium, France, PA: 1.61 (1.43- > 3 ACEs: 1.59
Germany, Italy, 1.82) (1.36-1.82)*
Netherlands, Spain, SA: 1.62 (1.28- Frequent or
Japan) (CS) 2.06)* Severe HA

N: 1.33 (1.15- 2 ACEs: 1.41

1.34)* (1.19-1.67)*

Frequent or > 3 AECs: 1.63

Severe HA (1.37-1.95)*

Any ACE: 1.40

(1.22-1.60)*

PA: 1.64 (1.44-

1.88)*

SA: 1.73 (1.38-

2.17)*

N: 1.21 (1.02-

1.43)*

Sheikh et al. (2018)"®  Community 1015/9310 3(2) Either PA or EA: 658  FFD Tromsg VI Chronic migraine RR (95% CI) N/A N/A Fair
Norway (CS) (10,325) (6.4%) Questionnaire (Questionnaire) Any ACE: 1.21

47.0 yrs Both PA + EA: (1.10-1.33)
(54%) 357 (3.5%)

Sheikh et al. (2019”7 Community 1028/ 1 EA: 1028 (8.6%) N/A Tromsg VI Chronic migraine RR (95% Cl) N/A N/A Fair

Norway (CS) (11,885) 10857 Questionnaire (Questionnaire) Any ACE: 1.28
57.5 yrs (1.04-1.53)

(53.4%)
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Shields et al. (2015)7® Community 704/7461 1 PA: 704 (4.7%) N/A National Chronic migraine PA: 2.9 (2.0-4.1)* PA: 3.6 (2.5-5.1)* N/A Fair
Canada (CS) (15,027) Population (Questionnaire)
N/A Health Survey
(N/A)
Sprang et al. (2017)”°  General 4028/ 2 PA: 916 (5.7%) N/A The Kentucky Chronic painful MSDs PRR (95% ClI) N/A PPR (95% Cl) Fair
USA (CS) (16,096) 12065 SA: 284 (1.8%) Women's Health (muscles or joints) Any ACE: 1.53 PA + SA: 1.76
N/A PA + SA: 170 Registry Survey (Questionnaire) (1.45-1.60) (1.48-2.11)
(100%) (1.1%) PA: 1.38 (1.25-
1.53)
SA: 1.32 (1.11-
1.57)
Springer et al. General 234/1817 5(1) PA: 234 (11.4%) PSA, PMC, PSD CTs Chronic painful MSDs; Chronic painful N/A N/A Poor
(2007)%° (2,051) witness [PV Arthritis/ rheumatism  MSDs
USA (CS) 55 yrs (aching muscles, back Any ACE: 1.29
(52.3%) pain/strain, stiff/ (1.02-1.63)*
swollen joints, skin Arthritis/
problems, and bone rheumatism
pain) (Questionnaire) Any ACE: 1.34
(1.05-1.72)*
Stickley et al. (2015)% Community 539/1201 10 (3) PA: 127 (7.3%) PLD, PSD, PMI, PSA,  World Mental Chronic pain (arthritis/  HR (95% Cl) N/A HR (95% Cl) Poor
Japan (CS) (1,740) SA: 12 (0.7%) PC, Witness IPV Health Survey — rheumatism, back/ Any chronic pain 1-2 ACEs
51.2 yrs N: 21 (1.2%) Japan neck problems, PA: 1.88 (1.24— Chronic pain:
(N/A) frequent/ severe 2.86)** 1.33 (1.02-
headache) SA: 2.84 (1.01- 1.73)*
(Questionnaire) 8.01)* Neck/back
N: 1.56 (0.72- pain: 1.41*
3.38) (1.04-1.93)*
Chronic neck/ Arthritis/
back pain rheumatism:
PA: 2.55 (1.64— 1.21 (0.75-
3.98)*** 1.93)
SA: 1.77 (0.58- Frequent/
5.45) severe
N: 1.44 (0.58- headache: 1.53
3.57) (0.91-2.57)
Arthritis/ > 3 ACEs
rheumatism Chronic pain:
PA: 0.73 (0.33- 2.83 (1.77-
1.65) 4.53)%*
SA: N/A Neck/back
N: N/A pain: 2.86
Frequent/severe (1.66-4.94)**
headache Arthritis/
PA: 1.58 (0.71- rheumatism:
3.49) 1.19 (0.41-
SA: N/A 3.45)
N: N/A Frequent/
severe
headache: 2.02
(0.63-6.45)
N/A 6 (1) EA: 1.12 (0.99-1.26) N/A N/A Fair

(Continued)
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Table 1. Continued.

Population
Setting Total ACE assessment Disability Cumulative
(sample size) number (Self-reported Pain (adjusted) (adjusted) (adjusted)
Source Mean age in Allocated of ACEs questionnaires Outcomes ORs (95% Cl) unless ORs (95% CI) ORs (95% CI)
Country (Study years (female  (ACEs / No  exposure unless indicate (Clinical assessment; mentioned unless mentioned  unless mentioned
design) gender) ACEs) (direct) Direct ACE n (%) Indirect ACE otherwise) Questionnaire) otherwise otherwise otherwise Quality
Sumanen et al. Community EA (male): 14.4% PSD, FFD, PMC, FEI,  The Health and Chronic migraine
(2007)'® (4,046) EA (female): PSA Social Support (Questionnaire)
Finland (CQ) N/A 20.1% Survey
(59%)
Swanson et al. General 4539/4194 5(1) PA: 4539 (71.6%) PSD, hospitalized, National Chronic migraine HRs (95%Cl): N/A HR (95%) Poor
(2013)'® (6,339) PU, PSA Population (Questionnaire) 1 ACE: 0.90 (0.60- 2+ ACE: 1.09
Canada (Prospective 40.8 yrs Health Survey 1.33) (0.79-1.51)
cohort - 8 yrs (47%)
follow-up)
Talley et al. (1994)% Community 165/754 3 PA: 14 (1.5%) N/A Drossman Abuse IBS; dyspepsia (frequent  Any ACE (IBS): 2.0 N/A N/A Good
USA (CS) 919) SA: 38 (4.1%) Questionnaire pain or discomfort in (1.1-3.6)*
39.6 yrs SA (exposure): 80 the upper abdomen);
(13.3%) (8.7%) heartburn (burning
SA (threat of sex): retrosternal pain)
40 (4.4%) (Questionnaire)
SA (touched
subject): 83
(9.0%)
SA (subject
touched other):
46 (5.0%)
SA (rape or
incest): 39 (4.3%)
EA: 55 (6.0%)
Talley et al. (1998)% Community N/A 4 (3) PA: 130 (17.9%) Bullied Drossman Abuse IBS Any ACEs: 1.34 N/A N/A Fair
Australia (CS) (730) SA: 146 (20.1%) Questionnaire (Questionnaire) (0.83-2.17)
45.2 yrs EA: 182 (25.0%) SA: 0.90 (0.51-
(53.4%) 1.58)
EA: 2.90 (1.56—
5.40)**
Tietjen et al. (2009)'""  Clinical 781/567 5 PA: 283 (21%) N/A cTQ Chronic migraine PA: 1.79 (1.17- PA: 1.45 (0.94- N/A Fair
USA, Canada (CS) (1,348) SA: 337 (25%) (Clinical assessment) 2.77)%** 2.23)
41 yrs EA: 512 (38%) SA: 1.44 (0.90- SA: 1.47 (0.92-
(88%) PN: 297 (22%) 2.29)* 2.35)
EN: 512 (38%) EA: 2.01 (1.36- EA: 1.54 (1.04-
2.97)%** 2.29)*
EN 1.54 (1.03- EN: 1.29 (0.86-
231)* 1.95)
PN: 1.69 (1.08- PN: 1.33 (0.82-
2.66)* 2.16)
Tietjen et al. (2010%°  Clinical 781/567 5 PA: 283 (21%) N/A cTQ Chronic pain, IBS, FM, OR (SE) N/A N/A Fair
USA, Canada (CS) (1,348) SA: 337 (25%) arthritis (Clinical Chronic pain
41 yrs EA: 512 (38%) assessment) EA: 1.69 (0.17)*
(88%) PN: 297 (22% PN: 1.73 (0.18)*

)
EN: 512 (38%)

Arthritis
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Tietjen et al. (2015)'*
USA (CO)

Community
(9,737)
Migraine:
48.7 yrs/
Controls:
51.4 yrs
(Migraine:
80.4%/
Controls:
72.5%)

Tietjen et al. (2017)%
USA (CS)

Community
(14,365)
29.5 yrs
(53.%)

Varinen et al. (2017),%”  Community
(2019)%® (11,924)
Finland (CS) N/A
(FM: 80%/
HCs: 61.9%)

Clinical
(318)

42.1 yrs
(80.8%)

Viana et al. (2018)%°
Italy (CS)

N/A 3
Control): 2,984
(40.2%)/ 432
(34.2%)

SA (Migraine/
Control): 1,147
(17.7%)/ 154
(13.3%)

EA (Migraine/
Control): 1,800
(22.5%)/ 229
(16.7%)

EN (Migraine/
Control):

1,946 (24.5%)/
291 (21.5%)

Any ACEs: 7261
(50.6%)

PA: 2656 (18.5%)
SA: 734 (5.1%)
EA: 6774 (47.2%)

7261/7095 3

N/A 6 (1) EA (FM/HC): 98
(22.4%) / 1314

(12.9%)

N/A 5 Any abuse (PA, SA,

EA, PN, EN)

Any ACE (Migraine/

N/A c1Q Chronic migraine
(Questionnaire)
N/A CTQ FM

(Questionnaire)

PSD, FFD, PSA, PMC, The Health and FM
FEI Social Support (Questionnaire)
Survey
N/A c1Q Chronic pain (Migraine,

SCID, Chronic painful
MSDs) (Clinical
assessment)

PA: 1.54 (0.43)*
SA: 1.38 (0.32)*
EA: 1.61 (0.48)*
EN 1.5 (0.41)*
PN: 1.5 (0.15)*
IBS
PA: 1.51 (0.41)*
SA: 1.42 (0.35)**
EA: 3.33 (0.13)*
EN 1.16 (0.12)*
PN: 1.38 (0.33)*
FM, widespread
pain
PA: 1.52 (0.21)*
SA: 2.09 (0.19)**
EA: 2.17 (0.18)*
EN 1.54 (0.18)*
PN: 1.81 (0.19)*
Any ACEs: 1.19

(1.04-1.36)*
SA: 1.18 (0.97-
1.44)

EA: 1.33 (1.13-
1.57)*

EN: 1.16 (1.00-
1.34)

Any ACEs: 1.59
(1.39-1.83)*
1 ACE: 1.51 (1.31-
1.74)*
PA: 1.06 (0.89-
1.27)
SA: 1.25 (0.93-
1.68)
EA: 1.57 (1.38-
1.79)*

EA: 1.60 (1.28-2.01)

Any ACEs: 1.48
(1.09-2.02)***

N/A 2 ACEs: 1.37 Fair
(1.12-1.68)

N/A 2 AECs: 1.73 Fair
(1.42-2.10)*
3 AECs: 1.98
(1.31-3.01)*

N/A 1-2 ACEs: 1.54 Fair
(1.25-1.91)
3-6 ACEs: 2.15
(1.69-2.73)

N/A N/A Fair
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Table 1. Continued.

Source
Country (Study
design)

Population
Setting
(sample size)
Mean age in
years (female
gender)

Allocated
(ACEs / No
ACEs)

Total
number
of ACEs
exposure
(direct) Direct ACE n (%)

Indirect ACE

ACE assessment
(Self-reported
questionnaires
unless indicate
otherwise)

Outcomes
(Clinical assessment;
Questionnaire)

Pain (adjusted)
ORs (95% Cl) unless
mentioned
otherwise

Cumulative
(adjusted)
ORs (95% Cl)
unless mentioned
otherwise

Disability
(adjusted)
ORs (95% Cl)
unless mentioned

otherwise Quality

Walker et al. (1999)%°
USA (CS)

Waebhrer et al.
(2020
USA (CS)

Wauest et al. (2008%,
2009%, 20107
Canada (CS)

HMO
(1,225)
42 yrs
(100%)

General
(110,076)
N/A
(51.6%)

Community
(292)
39.4 yrs
(100%)

527/698

63866/
46210

193/292

5 PA: 172 (32.6%)
SA: 221 (41.9%)
EA: 294 (55.8%)
EN: 257 (48.8%)
PN: 147 (27.9%)

8(3) Any ACEs (SA, PA,
EA):
26,648 (40%)

3 Any ACEs (SA, EA,
EN): 193 (61%)

N/A

PSD, PC, PSA, PMI,
Witness IPV

N/A

c1Q Back pain, joint pain,
abdominal pain,
headache, chest pain,
pelvic pain (Clinical
assessment)

Arthritis
(Questionnaire)

Family Health
History and
Health Appraisal
Questionnaire
(CDC- Kaiser ACE)

Childhood
Adversity
Questionnaire

Chronic pain (back pain,
aches and pains,
headaches, pelvic/
vaginal pain, upset
stomach/ heartburn)
(Questionnaire)

Any ACE (back
pain): 1.0 (0.8—
1.2)

Any ACE (joint
pain): 1.0 (0.8-
1.2)

Any ACE
(abdominal pain):
1.0 (0.7-1.2)

Any ACE
(headache): 1.2
(1.0-1.4)

Any ACE (chest
pain): 1.0 (0.6—
1.4)

Any ACE (TMJ
pain): 1.0 (0.8-
1.3)

Any ACE
(Dyspareunia): 1.0
(0.7-1.3)

SA (back pain):
1.3 (1.1-1.5)*

SA (joint pain):
1.3 (1.1-1.5)

SA (abdominal
pain): 1.3 (1.1-
1.5)

SA (headache):
1.3 (1.1-1.6)

SA (chest pain):
1.5 (1.1-1.9)

SA (TMJ pain): 1.6
(1.4-1.9)

SA (Dyspareunia):
1.8 (1.5-2.0)
ACE: 1.25 (1.17,
1.34)**

—_

Standardized
coefficients
Any ACE: 0.14*

Any ACE: 1.5 (13- N/A Good

1.7)

N/A 2-3 ACEs: 1.43 Fair
(1.33-1.53)**
>4 ACEs: 1.80

(1.64-1.97)**

N/A N/A Fair
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Xu et al. (2013)* Community  336/384 2 EN + EA: 336 N/A Childhood IBS Any ACE: 2.02 N/A N/A Fair
China (CS) (720) (20.5%) Adversity (Questionnaire) (1.27-3.22)**
43.1 yrs Questionnaire
(59.6%)
You et al. (2019)% Students 2823/250 8(3) Any ACEs: 2674 Natural disaster, Headache or migraine,  Any chronic Pain Chronic Pain Good
USA (CS) (3,073) (78%) hospitalized, FEI, chronic pain, back PA: 1.08 (0.85— Any ACEs (PA +
18.8 yrs PA: 2243 (73%) PSA pain 1.36) EA + SA): 1.18
(72%) SA: 615 (20%) (Questionnaire) EA: 1.11 (0.91- (1.01-1.38)*
EA: 1352 (44%) 1.35) Chronic Back
SA: 1.15 (0.92- Pain
1.44) Any ACEs (PA +
Chronic back Pain EA + SA): 1.23
PA: 1.14 (0.82- (1.01-1.51)*
1.60) Chronic
SA: 1.24 (0.93- Headache
1.66) Any ACEs (PA +
EA:1.42 (1.08- EA + SA): 1.25
1.87)* (1.02-1.54)*
Chronic HA
PA: 0.94 (0.69-
1.29)
SA: 0.91 (0.67-
1.25)
EA: 1.03 (0.76—
1.32)

Note. CS = Cross-sectional; CC = Case-control; N/A = Not applicable; HMO = Health Managed Organization; ACE = Adverse Child Experience; PA = Physical abuse; SA = Sexual abuse, EA = Emotional abuse; PN = Physical Neglect; N = Neglect;
EN = Emotional Neglect; IPV = Intimate partner violence; FM = Fibromyalgia; IBS = Irritable Bowel Syndrome; LBP = Low back pain; MSDs = Musculoskeletal disorders; EM = Episodic migraine; MOH = Medication Overuse Headache; HC =
Healthy Controls; PU = Parental Unemployment; PSA = Parental Substance Abuse (Alcohol/Drugs); PMI = Parental Mental lliness; PC = Parental Criminality; PSD = Parental Separation or Divorce; PMC = Parental Marital Conflict; PLD =
Parental Loss or Death; FFD = Family Financial Difficulties; FEl = Family Extreme lliness; CTS = Conflict Tactics Scale; CTQ = Childhood Trauma Questionnaire; CCHS = Canadian Community Health Survey; EMR = Electronic Medical Records;
ETI = Early Trauma Inventory; CEVQ = Childhood Experiences of Violence Questionnaire; CTES = Childhood Traumatic Events Scale; CDC = Centers for Disease Control and Prevention; PTSD = Posttraumatic stress syndrome; FM = Fibro-
myalgia; IBS = Irritable Bowel Syndrome; LBP = Low back pain; MSD = Musculoskeletal disorder; N/A = Not applicable; OR = Odds ratio; RR = Relative risk; HA = Headache; HR = Hazard ratio; IRR = Incidence rate ratio; MD = Mean difference;
MFP = Myofascial pain; SCID = Severe combined immunodeficiency; Social Health Determinant Questionnaire = SHDQ; SMD = Standard mean difference; 95% Cl =95% Confidence interval; SD = Standard deviation; IQR = Interquartile
range; B = Beta coefficient; SE = Standard error; P = p-value; * p < .05; **p > .01; *** p > .001.
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Odds ratio and 95% CI

0,001
0,000
0,000
0,008
0,000
0,000
0,007
0,000
0,000
0,000
0,003

Study name Group by Sample ACEs (n) Quality Statistics for each study
Design
Odds Lower Upper
ratio limit limit  Z-Value p-Value
Bradford 2012 cc 729 4 Good 1576 1202 2085 3,202
Haiiser 2012 cc 306 4 Poor 1592 1207 1954 4,447
Ju2020 cc 362 6  Moderate 2899 1735 4,844 4,062
Patk 2016 cc 294 8  Good 2050 1209 3477 2664
Rahal 2020 cc 862 4 Good 2318 1798 2987 6,49
Sumanen 2007 CC 4046 6  Moderate 1261 1,142 1393 4,587
Tietjen 2015 cc 9737 3 Moderate 1,176 1,046 1322 2710
Pooled cc 1636 15340 1998 4,827
Affifi 2013 cs 34226 5  Moderate 1,270 1,174 1374 5937
Affifi 2016 cs 23395 3 Good 1621 1421 1848 7,193
Bellis 2018 cs 2452 10 Moderate 1480 1,140 1921 2,948
Bendixen 1994 cs 996 1 Poor 2673 1657 4312 4,031
Daily 2022 cs 2831 10 Moderate 1610 1383 1874 6,144
Diaz-Olavarrieta 2020CS 1780 2 Moderate 1,805 1,341 2429 3,89
England-Masson 2018S 23846 3 Good 1,380 1,145 1664 3377
Erikson 2016 cs 11130 3 Poor 1,329 1,180 1496 4,695
Fowler 2020 cs 1720 10 Good 1490 1059 2,097 2,286
Hammon d2020  CS 11910 6  Poor 1180 1045 1332 2,670
Hanlon 2020 cs 157357 4 Good 1570 1325 1,861 5200
Haiser 2018 cs 2425 5  Good 0901 0757 1072 -1,173
Jamieson 1997 CS 581 1 Moderate 2770 1,041 7,374 2,040
Jiao 2015 cs 962 4 Poor 1397 1088 1795 2618
Kamiya, 2016 cs 6897 1 Poor 1250 0993 1573 1,898
McBeth 2015 cs 990 4 Moderate 1900 0890 4,055 1,659
Nicol 2016 cs 3081 2 Moderate 1,772 1,455 2,158 5697
Park 2014 cs 6027 5  Good 1760 1,123 2758 2467
Pierce 2020 cs 3118 2 Moderate 2,750 2,018 3,747 6,410
Sachs-Ericsson 2007CS 5877 5  Poor 1400 1222 1603 4,864
Santo 2022 cs 1418 5  Moderate 1,180 1,093 1274 4,245
Schrepf 2018 cs 835 6  Moderate 1900 1400 2578 4,120
Sprang 2017 cs 16096 2 Moderate 2043 1,894 2204 18,509
Springer 2007 cs 2051 5  Poor 1315 1034 1672 2229
Talley 1994 cs 919 3 Good 2000 1106 3618 2292
Talley 1998 cs 730 4 Moderate 1340 0829 2,167 1,194
Tietjen 2017 cs 14365 3 Moderate 1,500 1,386 1824 6610
Varinen 2017 cs 11924 6  Moderate 1600 1277 2,005 4,083
Viana 2018 cs 318 5  Moderate 1,499 0,997 2256 1943
Waehrer 2020 cs 110076 8  Moderate 1,250 1,168 1,338 6,448
Xu 2013 cs 720 2 Moderate 2020 1,269 3216 2962
Yu 2019 cs 3073 8  Good 1432 1036 1980 2176
Pooled cs 1512 1390 1644 9,639
Pooled Overall 1530 1416 1653 10,756

ot hb]t 1 L T g™ | g
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Figure 2. Pooled adjusted odd ratios for the effect of any adverse childhood exposure on chronic painful conditions — Case-control

studies and cross-sectional studies.

2018; Brennenstuhl & Fuller-Thomson, 2015; Brown
et al, 2018; Chartier et al, 2010; England-Mason
et al., 2018; Fowler et al., 2020; Hammond & Colman,
2020; Hanlon et al., 2020; Ju et al., 2020; Kopec &
Sayre, 2005; Lee et al., 2009; Li et al., 2022; Lin et al.,
2021; Noteboom et al., 2021; Park et al., 2014a; 2016;
Riedl et al., 2019; Sachs-Ericsson et al., 2017; Schlauch
et al., 2022; Schrepf et al., 2018; Scott et al., 2011;
Sprang et al, 2020; Stickley et al., 2015; Swanson
et al,, 2013; Tietjen et al., 2015; 2017; Varinen et al,,
2017; Waehrer et al., 2020; You et al., 2019). Health
outcomes comprised undifferentiated chronic pain
(n=25 studies) (Alhalal et al., 2018; Anno et al,,
2015; Baiden et al., 2021; Barron, 1997; Bendixen
et al., 1994; Chartier et al., 2007, 2010; Coles et al.,
2015; Daily et al., 2022; Fowler et al., 2020; Hauser
et al., 2018; Kascakova et al., 2020; Nicol et al., 2016;
Park et al., 2014a; Raphael et al., 2001; Raphael &
Widom, 2011; Riedl et al., 2019; Sachs-Ericsson
et al,, 2007; 2017; Santo et al., 2022; Stickley et al,
2015; Wuest et al, 2008; 2009; 2010; You et al,
2019), chronic painful MSDs (n=12) (Afifi et al,
2013; Badley et al., 2019; Fuller-Thomson et al,
2009; Hart-Johnson & Green, 2012; Kamiya et al.,
2016; Kopec & Sayre, 2005; Li et al., 2022; Lin et al.,
2021; Pebole et al., 2022; Riedl et al., 2019; Springer
et al., 2007; Viana et al., 2018; Waehrer et al., 2020),
painful non-MSDs such as widespread pain or fibro-
myalgia; headache or migraine, visceral pain including
irritable bowel syndrome, posterior pelvic pain (n=
36) (Anda et al., 2010; As-Sanie et al., 2014; Bacon &
White, 2022; Bellis et al., 2018; Bottiroli et al., 2018;
Bradford et al., 2012; Brennenstuhl & Fuller-Thom-
son, 2015; Diaz-Olavarrieta et al., 2002; Fuller-

Thomson et al.,, 2011; Hammond & Colman, 2020;
Hanlon et al., 2020; Hauser et al., 2012; Jamieson &
Steege, 1997; Jiao et al, 2015; Ju et al, 2020; Lee
et al,, 2009; Mays et al., 2021; McBeth et al., 2015;
Park et al., 2016; Pierce et al., 2020; Piontek et al,,
2021; Rahal et al., 2020; Reuchlein et al., 2016; Schrepf
et al., 2018; Sheikh, 2018, 2019; Shields et al., 2015;
Swanson et al., 2013; Talley et al., 1994; 1998; Tietjen
et al., 2009; 2015; 2017; Varinen et al., 2017; 2019;
Xu et al, 2013) or both painful MSDs and non-
MSDs (n=15) (Afifi et al, 2016; Bendixen et al,,
1994; Brown et al., 2018; Chandan et al., 2020; Dennis
et al., 2019; England-Mason et al., 2018; Eriksen et al.,
2016; Noteboom et al, 2021; Pierce et al., 2022;
Schlauch et al., 2022; Scott et al., 2011; Stickley et al.,
2015; Tietjen et al., 2010; Walker et al., 1999; You
et al., 2019) Pain-related disability was reported in
16 studies (Badley et al., 2019; Chartier et al., 2007,
2010; Fowler et al., 2020; Hart-Johnson & Green,
2012; Hauser et al., 2018; Jiao et al., 2015; Nicol
et al., 2016; Park et al., 2014a; Pebole et al., 2022; Pion-
tek et al., 2021; Raphael & Widom, 2011; Santo et al,,
2022; Shields et al., 2015; Tietjen et al., 2009; Walker
et al., 1999) (Table 1).

3.1. Study quality

Study quality was generally good (25%; n=22) (Afifi
et al., 2016; Bottiroli et al., 2018; Bradford et al., 2012;
Brown et al., 2018; Chartier et al., 2010; Dennis et al.,
2019; England-Mason et al., 2018; Fowler et al., 2020;
Hanlon et al., 2020; Hart-Johnson & Green, 2012; Hau-
ser et al., 2018; Kopec & Sayre, 2005; Park et al., 2014a;
2016; Pebole et al., 2022; Rahal et al., 2020; Raphael



Table 2. Pooled aORs from random-effects meta-analyses on the association of chronic painful conditions and disability with direct types of adverse childhood experiences and with any of adverse
childhood experiences — Cross-sectional studies.
Chronic painful conditions

Pain-related disability Chronic painful conditions

Number of Number of Number of
Direct ACE studies aOR (95% Cl) 1?; Tau?; 95% PI studies OR (95% Cl) 1% Tau?; 95% Pl Any ACEs studies Painful disorders aOR (95% Cl) 1%; Tau®; 95% PI
Physical Abuse 27 1.50 (1.39-1.64)*** 8 1.46 (1.03-2.08)* Any ACEs 8 Chronic pain 1.65 (1.46-1.87)%**
(undifferentiated)
Sexual Abuse 27 1.37 (1.25-1.49)*** 8 0.96 (0.67-1.37) Any ACEs 6 Arthritis 1.32 (1.17-1.48)***
Emotional 12 1.56 (1.36-1.78)*** 2 1.49 (0.68-3.24) Any ACEs 7 Spine pain 1.32 (1.18-1.47)%**
Abuse
Neglect 7 1.38 (1.15-1.66)*** NA Any ACEs 2 Musculoskeletal pain 1.39 (1.04-1.86)*
Physical 4 1.44 (1.08-1.90)** 2 0.74 (0.34-1.61) Any ACEs 6 Fibromyalgia 1.74 (1.49-2.03)***
Neglect
Emotional 3 1.41 (1.06-1.89)* 2 1.03 (0.47-2.25) Any ACEs 2 Chronic Headache 1.75 (1.32-2.32)%**
Neglect
Overall 80 1.45 (1.38-1.53)*** 71,8%; 0.031; 22 1.13 (0.81-1.57) 81.9%; 0.208; Any ACEs 4 Migraine 1.48 (1.28-1.72)***
1.02-2.07 0.41-3.11
Any ACEs 4 Irritable bowel syndrome  1.81 (1.33-2.47)***
Any ACEs 3 Posterior Pelvic Pain 1.85 (1.53-2.24)%**
Overall 43 1.54 (1.44-1.65)*** 85.1%; 0.040;
1.06-2.30
Any Pain-related disability
ACEs 5 Chronic pain 1.29 (1.01-1.66)* 96.3%
(undifferentiated) 0.060;
0.53-3.12

Note. aOR = Adjusted Odds ratio; 95% Cl = 95% Confidence Intervals; IZ:Heterogeneity; Pl=Prediction Interval.

* P <.05; **P < .01; *** P < .001.

ACE = Adverse child experiences; Any ACE = Any direct ACEs (physical, sexual or emotional abuse, physical or emotional neglect), with or without indirect AECs; Neglect (physical and/or emotional neglect).
Chronic Painful Conditions = Chronic pain (undifferentiated), arthritis, back or neck pain, musculoskeletal pain, fibromyalgia, chronic headache, migraine, irritable bowel syndrome, posterior pelvic pain.
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etal., 2001; Riedl et al., 2019; Sachs-Ericsson et al., 2017;
Talley et al., 1994; Walker et al., 1999; You et al., 2019)
or fair (55%; n =48) (Afifi et al., 2013; Alhalal et al.,
2018; Anda et al, 2010; Anno et al., 2015; As-Sanie
et al,, 2014; Bacon & White, 2022; Badley et al., 2019;
Baiden et al., 2021; Bellis et al., 2018; Brennenstuhl &
Fuller-Thomson, 2015; Chartier et al, 2007; Coles
et al, 2015; Daily et al., 2022; Diaz-Olavarrieta et al.,
2002; Jamieson & Steege, 1997; Ju et al., 2020; Kasca-
kova et al., 2020; Lee et al., 2009; Li et al., 2022; Lin
et al,, 2021; Mays et al, 2021; McBeth et al, 2015;
Nicol et al., 2016; Noteboom et al., 2021; Pierce et al.,
2020; Piontek et al., 2021; Raphael & Widom, 2011;
Santo et al., 2022; Schrepf et al., 2018; Sheikh, 2018,
2019; Shields et al., 2015; Sprang et al., 2020; Sumanen
et al,, 2007; Talley et al., 1994; Tietjen et al., 2009; 2010;
2015;2017; Varinen et al., 2017; 2019; Viana et al., 2018;
Waehrer et al., 2020; Wuest et al., 2008; 2009; 2010; Xu
et al., 2013), with around 20% (n=17) rated as poor
quality (Barron, 1997; Bendixen et al., 1994; Chandan
et al, 2020; Friksen et al, 2016; Fuller-Thomson
et al.,, 2009; 2011; Hammond & Colman, 2020; Hauser
et al,, 2012; Jiao et al.,, 2015; Kamiya et al., 2016; Pierce
et al., 2022; Reuchlein et al., 2016; Sachs-Ericsson et al.,
2007; Scott et al., 2011; Springer et al., 2007; Stickley
et al., 2015; Swanson et al., 2013) (eTables 1-3 in the
Supplement).

3.2. Meta-analysis

Compared to those who reported no ACE, the odds of
reporting chronic pain conditions later in life was sig-
nificantly higher among individuals exposed to a
direct ACE (aOR, 1.45; 95%CI, 1.38-1.53; Tau square
(T?) = 0.031; prediction interval (95%PI) = 1.02-2.07;

P = 71.8%), including childhood neglect (aOR, 1.38;
95%CI 1.15-1.66; 7 studies), sexual abuse (aOR,
1.37; 95%CI, 1.25-1.49; 27 studies), and emotional
abuse (aOR, 1.56; 95%CI, 1.36-1.78; 12 studies). Indi-
viduals reporting childhood physical abuse were sig-
nificantly more likely to report chronic pain (aOR,
1.50; 95%CI, 1.39-1.64; 27 studies) and pain-related
disability (aOR, 1.46; 95%CI, 1.03-2.08; 8 studies)
during adulthood (Table 2, Supplementary figures 1-
4). Results remained unchanged after removing
lower quality studies. There was no significant differ-
ence in the odds of pain-related disability among indi-
viduals reporting sexual or emotional abuse or neglect,
compared to individuals without AECs.

Pooled estimates from seven case—control studies
(Bradford et al., 2012; Hauser et al., 2012; Ju et al,,
2020; Park et al., 2016; Rahal et al.,, 2020; Sumanen
et al., 2007; Tietjen et al., 2015) and 32 cross-sectional
studies (Afifi et al., 2013; 2016; Bellis et al., 2018; Bend-
ixen et al., 1994; Daily et al., 2022; Diaz-Olavarrieta
et al,, 2002; England-Mason et al., 2018; Eriksen et al.,
2016; Fowler et al., 2020; Hammond & Colman, 2020;
Hanlon et al., 2020; Hauser et al., 2018; Jamieson &
Steege, 1997; Jiao et al., 2015; Kamiya et al, 2016;
McBeth et al., 2015; Nicol et al,, 2016; Park et al,
2014a; Pierce et al., 2020; Sachs-Ericsson et al., 2007;
Santo et al., 2022; Sheikh, 2018; Sprang et al., 2020;
Springer et al., 2007; Talley et al., 1994; 1998; Tietjen
et al, 2017; Varinen et al., 2017; Viana et al., 2018;
Waehrer et al.,, 2020; Xu et al., 2013; You et al,, 2019)
of individuals exposed to any ACEs with or without
indirect ACEs were significantly more likely to report
chronic painful conditions during adulthood (aOR,
1.53; 95%CI, 1.42-1.65), including undifferentiated
chronic pain, any painful MSDs, arthritis, back or

S(ud! name ACE (n guall!x Statistics for each s(udx 0Odds ratio and 95% CI
Odds  Lower  Upper
ratio limit limit Z-Value p-Value

Affifi 2016 1ACE  Combined Good 1,249 1037 1505 2,339 0,019 —o—
Anda 2010 1ACE  HA Moderate 1,200 1104 1305 4,278 0,000 (o)
Bellis 2018 1ACE  HA Moderate 1,480 1140 1,921 2,948 0,003 —r—
Brennenstuhl 2015 1ACE  HA Moderate 1,360 1125 1643 3,184 0,001 ——
England-Masson 2018 1ACE  C Pain Good 1,380 1105 1,723 2,845 0,004 —o—
Hammond 2020 1ACE  HA Poor 1,180 1,006 1384 032 0,042 -
Hanlon 2020 1ACE  FM Good 1,570 1256 1963 3,956 0,000 —o—
Lee 2009 1ACE  HA Moderate 1,400 1212 1617 4,585 0,000 -0
Lin 2021 1ACE  Athrits  Moderate 1,060 0912 1232 0,758 0,448 =
Park 2014 1ACE  CPain Good 1,760 1123 2758 2,467 0,014 —_—
Tietjen 2015 (CC) 1ACE  HA Moderate 1,180 1035 1346 2,466 0,014 -0~
Tietjen 2017 1ACE  HA Moderate 1,510 1310 1,740 5,601 0,000 o0
Waehrer 2020 1ACE  Arhritis  Moderate 1,250 1,168 1338 6,448 0,000 [m}
Pooled 1,291 1215 1372 8,248 0,000 *
Affifi 2016 2ACEs  Combined Good 1,507 1149 1975 2,969 0,003 —0—

nda 201 2ACEs  HA Moderate 1,400 1262 1553 6,352 0,000 Eud
Brennenstuhl 2015 2ACEs  HA Moderate 2510 1939 3249 6,992 0,000 o—
England-Masson 2018 2ACEs  C Pain Good 2,070 1175 3647 2,517 0,012 B
Hanlon 2020 2ACEs FM Good 1,750 1317 2325 3,860 0,000 —o
Ju 2020 (CC) 2ACEs  IBS Moderate 1,360 1141 1621 3,430 0,001 -0
Lee 2009 2ACEs  HA Moderate 1,410 1190 1670 3,975 0,000 -
Lin 2021 2ACEs  Arhriis  Moderate 1,420 1217 1,656 4,463 0,000 -
Park 2016 (CC) 2ACEs  IBS Good 1,770 1027 3051 2,056 0,040
Ried| 2019 2ACEs  Combined Good 1,617 1214 2,154 3283 0,001 —o—
Tietien 2015 (CC) 2ACEs  HA Moderate 1,230 1054 1435 2,627 0,009 -0
Tietien 2017 2ACEs  HA Moderate 1,730 1423 2104 491 0,000 —H
Pooled 1,543 1394 1,707 8,407 0,000 <&
Affifi 2016 3ACEs  Combined Good 1,409 0972 2,045 1,808 0,071 —0—1
Anda 2010 3ACEs HA Moderate 1,700 1,510 1,913 8,799 0,000 LH
Bellis 2018 3ACEs  HA Moderate 1,750 1337 2291 4,070 0,000 —H
Brennenstuhl 2015 3ACEs  HA Moderate 3,260 2,093 5077 5,227 0,000 ——
England-Masson 2018 3ACEs  C Pain Good 1,850 1050 3,260 2,129 0,033 ——
Hanlon 2020 3ACEs FM Good 2240 1537 3,264 198 0,000 — 10—

in 2021 3ACEs  Arhriis  Moderate 1,620 1358 1933 5,357 0,000 =
Tietjen 2015 (CC) 3ACEs  HA Moderate 1,400 1131 1732 097 0,002 —+
Tietien 2017 3ACEs HA Moderate 1,980 1306 3,001 3219 0,001
Pooled 1,746 1539 1,981 8,657 0,000
Anda 2010 4+ACEs HA Moderate 2,000 1719 2326 8,989 0,000
Bellis 2018 4+ACEs  HA Moderate 2,710 2,048 3586 6,975 0,000
Brown 2018 4+ACEs Combined Good 2,404 1848 3127 6,535 0,000
Chartier 2010 4+ACEs  CPain Good 1,240 1135 1354 4,779 0,000 [n]
Hanlon 2020 4+ACEs FM 00 31190 1870 5441 258 0,000 o
Lin 2021 +ACEs Arthiits  Moderate 1,970 1601 2425 6,398 0,000
Noteboom 2021 4+ACEs Combined Moderate 1,704 1400 2075 5,307 0,000
Park 2014 4+ACEs  CPain Good 2,420 1221 4795 2,533 0,011
Park 2016 (CC) 4+ACEs  IBS Good 3,830 1655 8,863 3,137 0,002
Ried 2019 4+ACEs  Combined Good 3,054 1901 4,906 4,615 0,000
Schlauch 2022 4+ACEs  Combined Blank 1,671 1662 1680 184,537 0,000 u]
Waehrer 2020 4+ACEs Arhritis  Moderate 1,800 1642 1973 12,567 0,000 fw;
Pooled 1,949 1727 2199 10,834 0,000 -3
Pooled 1,469 1405 1537 16,870 0,000 ¢

01

0.2 0,5
No Association Positive Association

Figure 3. Pooled adjusted odd ratios for the effect of cumulative adverse childhood exposure on chronic painful conditions.
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Table 3. Pooled aORs from random-effects meta-analyses for cumulative adverse childhood experiences (ACEs) and chronic pain

outcomes.
Cumulative . L . . . .
ACEs Any chronic painful conditions Chronic musculoskeletal disorders Chronic non-musculoskeletal disorders
Studies Studies Studies
(n) OR (95 CI) 1% Tau?; PI (n) OR (95% Cl) I%; Tau’; PI (n) OR (95% Cl) /% Tau’ Pl
1 ACE 13 1.29 (1.22-1.37)*** 3 1.19 (1.09-1.23)*** 9 1.33 (1.21-1.47)***
2 ACEs 12 1.54 (1.39-1.71)*** 3 1.42 (1.24-1.62)*** 9 1.57 (1.40-1.75)***
3 ACEs 9 1.75 (1.54-1.98)*** 2 1.50 (1.26-1.79)** 7 1.84 (1.59-2.12)***
4+ ACEs 12 1.95 (1.73-2.19)*** 6 1.81 (1.63-2.00)*** 7 2.01 (1.75-2.29)***
Overall 46 1.47 (1.41-1.54)***  94.6%; 0.029; 14 1.45 (1.16-1.82)***  88.5%; 0.019; 32 1.66 (1.37-2.02)***  89,2%;
1.04-2.07 0.98-2.15 0.037
1.07-2.57

Note. aOR = Adjusted Odds ratio; 95% Cl =95% Confidence Intervals; IZ:Heterogeneity; Pl = Prediction Interval.

*P < .05; **P < .01; ***P < .001.

ACE = Adverse Child Experience; MSDs = Musculoskeletal disorders; Any chronic painful conditions includes Chronic pain (undifferentiated) + Chronic mus-
culoskeletal disorders (arthritis, back or neck pain, and general musculoskeletal pain) + Chronic non-musculoskeletal disorders (fibromyalgia; chronic

headache, migraine; irritable bowel syndrome; posterior pelvic pain).

neck pain, fibromyalgia, headache and migraine, irrita-
ble bowel syndrome, and posterior pelvic pain (Figure
2). Exposure to any ACEs increased the odds of pain-
related disability (Dennis et al., 2019; Fowler et al,
2020; Nicol et al., 2016; Park et al., 2014b; Santo et al.,
2022) (aOR, 1.29; 95%CI, 1.01-1.66) (Table 2, Sup-
plementary figure 5).

Pooled aORs for the association between any ACEs
and nine specific types of chronic primary pain con-
ditions ranged from aOR, 1.29 (95%ClI, 1.22-1.37)
for spine pain and arthritis to aOR, 1.95 (95%ClI,
1.73-2.19) for chronic pelvic pain syndrome (Table
2). Effect size slightly increased after removing lower
quality studies (aOR, 1.6; 95%CI 1.44-1.76; Q=8.95,
df=2; p=.01).

The risk of any chronic pain in adulthood signifi-
cantly increased from one AEC (Afifi et al., 2016;
Anda et al., 2010; Bellis et al., 2018; Brennenstuhl &
Fuller-Thomson, 2015; England-Mason et al., 2018;
Hammond & Colman, 2020; Hanlon et al., 2020; Lee
et al., 2009; Lin et al.,, 2021; Park et al., 2016; Tietjen
et al,, 2015; 2017; Waehrer et al., 2020) (aOR, 1.29;
95% CI, 1.22-1.37) to four or more ACEs (Anda
et al.,, 2010; Bellis et al., 2018; Brown et al., 2018; Char-
tier et al., 2010; Hanlon et al., 2020; Lin et al., 2021;
Noteboom et al., 2021; Park et al., 2014a, 2016; Riedl
et al.,, 2019; Schlauch et al.,, 2022; Waehrer et al.,
2020) (aOR, 1.95; 95%CI, 1.73-2.10) regardless of the
pain condition (Figure 3), and for specific MSDs and
non-MSDs (Table 3). Lastly, pooled ORs from three
studies (Chartier et al., 2010; Fowler et al., 2020; Gilliam
et al., 2020) reporting on cumulative ACEs (n=2-6
exposures) in relation to disability suggested an
increased risk but it was not statistically significant
(aOR, 1.77; 95%CI, 0.82-3.82).

3.3. Heterogeneity and publication bias

There was considerable heterogeneity between esti-
mates for all outcomes. In sensitivity analysis, exclud-
ing fifteen outlying studies (As-Sanie et al., 2014;
Badley et al., 2019; Bendixen et al., 1994; Bradford

et al, 2012; Hammond & Colman, 2020; Hanlon
et al., 2020; Héuser et al., 2018; Ju et al., 2020; Mays
et al,, 2021; McBeth et al.,, 2015; Schrepf et al., 2018;
Sprang et al., 2020; Stickley et al., 2015; Talley et al,,
1994; Tietjen et al., 2010), exposure to physical or
emotional neglect were no longer significant for
chronic pain. Excluding eight studies (Bendixen
et al., 1994; Hiuser et al., 2018; Jamieson & Steege,
1997; Ju et al., 2020; Pierce et al., 2020; Rahal et al.,
2020; Schrepf et al., 2018; Sprang et al., 2020) slightly
reduced pooled ORs for chronic painful conditions. In
contrast, excluding six outlying studies (As-Sanie
et al., 2014; Dennis et al., 2019; Fowler et al., 2020;
Hiuser et al., 2018; Mays et al., 2021; Walker et al,,
1999) significantly increased the odds of pain-related
disability for sexual abuse (eTables 4 in the Sup-
plement). We identified no outliers for other out-
comes. Sub-group analysis by study design suggested
cross-sectional studies produced similar estimates to
case control studies. In meta-regression, studies
measuring fewer ACEs generally reported significantly
higher odds of poor health outcomes ( = —0-04; se[f]
=0-01) compared to those measuring over 5 ACEs and
low quality studies reported significantly lower odds
compared to high quality studies ( =-0-21; se[p] =
0-09). Number of ACEs and study quality explained
approximately 52% of the variance (R*=0.52) (eMo-
del 1 in the supplement). We noted no significant
association between pooled estimates for the outcome
of chronic pain (eModel 2 in the Supplement) or pain-
related disability (eModel 3 in the supplement) and
any measured covariate including country, setting or
year of publication. Univariate analysis revealed no
association between pooled estimates for the outcome
of chronic pain for cumulative exposure and any
measured covariate (country, setting, year of publi-
cation, sample, number of ACEs, study quality) (eMo-
del 4 in the supplement).

Visual inspection of the funnel plots revealed
some asymmetry suggesting publication bias for
any ACEs and cumulative ACEs for chronic painful
conditions. Begg and Mazumdar rank correlation
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test and Egger’s regression intercept were also signifi-
cant. However, no publication bias was found for
direct types of ACEs on chronic painful conditions
(Supplementary figures 6-8).

4, Discussion

We consistently found that ACE exposures are
associated with chronic pain conditions in adulthood
across types of ACEs, types of painful conditions,
geographical location, and over time. Pooled aORs
ranged from 1.31 for single exposure to 1.98 for mul-
tiple exposures. We also found a statistically signifi-
cant dose-response relationship. Pooling ORs
revealed significant associations between individuals
reporting a single type of abuse or neglect and
adult chronic pain. Because these painful disorders
are very common, a modest increase in risk implies
a large number of additional cases and thus an
important impact on population health.

Over 1 billion children - half of all children in
the world - are exposed to physical, sexual, or
emotional violence or neglect each year (Hillis
et al, 2016). The endemic magnitude of ACEs,
their health consequences (Hughes et al., 2017),
and their combined attributable costs (estimates
between 2-6% of gross domestic product in Euro-
pean countries) (Hughes et al., 2021), compel urgent
action. For optimum impact, policies and pro-
grammes designed to prevent and detect ACEs, and
treat related consequences should be multisector,
spanning health, social services, education, and jus-
tice sectors (Control, 2019; WHO, 2014).

Our findings suggest ACE exposure is associated
with the most common and costly chronic pain con-
ditions, including back and neck pain and other
MSDs, which account for the highest total health
care spending compared to other health conditions
(Dieleman et al., 2020). People with ACEs tend to
have a higher chronic disease burden, barriers to treat-
ment engagement, and greater health care utilization
in adulthood (Hargreaves et al., 2019). Adult patients
exposed to ACEs may not be achieving optimal health
outcomes due to the physiological and psychological
effects of toxic stress (Tidmarsh et al., 2022; Werth-
man et al., 2022). While the relative contributions of
these mechanisms are not yet well understood, emer-
ging evidence links ACEs to changes in genetic
expressions that affect structural and functional
changes in the brain and clinical phenomena in adult-
hood (Lobo et al., 2022). ACEs may be associated with
heightened pain sensitivity later in life (Pierce et al.,
2023). Childhood neglect also predicts a flattened cor-
tisol profile in adults, which, in turn, predicts elevated
daily pain and emotional symptoms (Yeung et al,
2015). Further, a wide range of psychological, social,
and contextual factors need to be considered in the

development, maintenance, and treatment of chronic
pain conditions (Mao, 2017). Our findings support
the need to broaden healthcare provider understand-
ing of the associations between ACEs and chronic
pain, and adequately prepare them to provide
trauma-informed care (TIC) pain management (Ranj-
bar & Erb, 2019; Tidmarsh et al., 2022). In the clinical
setting, TIC encompasses the prevention, identifi-
cation, and assessment of trauma, response to trauma,
and recovery from trauma as a focus of all services
(Forkey et al, 2021). TIC emphasizes physical,
psychological, and emotional safety and creates
opportunities for patients to rebuild a sense of control
and empowerment (Ranjbar & Erb, 2019). Specific
recommendations have been offered for TIC practices
in rehabilitation settings (Baca & Salsbury, 2023; Ranj-
bar & Erb, 2019). Results from a recent observational
study suggest that adults with and without ACEs
endorsed significant improvements in pain and func-
tioning following participation in an intensive inter-
disciplinary pain rehabilitation programme 2 to 3
times per week for 2 to 4 h each day over a period
of 10 weeks (Craner & Lake, 2021). Treatment
included individual pain psychology, physical and
occupational therapy, and medical visits with opioid
tapering with a focus on functional restoration focus,
rather than seeking to relieve pain, to help patients
increase engagement in physical reconditioning and
valued life activities. Current efforts to improve the
management of chronic pain conditions might be
more successful if we broaden professional under-
standing of the links between ACEs and chronic
pain. Adding early childhood adversities as a risk fac-
tor for chronic pain and disability to pain manage-
ment competency profile to guide entry-level
education (Augeard et al., 2022) may increase educa-
tors and future clinicians awareness and promote
reflexivity.

We aimed to overcome limitations of prior reviews
(Davis et al., 2005; Hauser et al., 2011; Irish et al., 2010;
Norman et al.,, 2012; Petruccelli et al., 2019; Wegman
& Stetler, 2009) by having two expert librarians create
and independently review search strategies performed
in 10 databases, only including studies with samples of
over 100 subjects per arm, using strict definitions for
ACE exposure and chronic pain and disability, and
including only studies using validated instruments to
measure both exposure and outcomes. Pooling ORs
revealed significant associations, not previously sum-
marized elsewhere, between individuals reporting a
single type of abuse (physical, sexual, emotional) or
neglect (emotional, physical) and adult chronic pain.
While our findings align with prior meta-analyses
examining the effect of ACEs on chronic pain (Davis
et al., 2005; Irish et al., 2010), arthritis (Norman
et al,, 2012), migraine and/or chronic headache (Nor-
man et al, 2012), and fibromyalgia (Hauser et al.,



2011), we also found significant associations between
any ACE and spine pain, musculoskeletal pain,
chronic headache, migraine, irritable bowel syndrome,
and posterior pelvic pain. Few meta-analyses have
explored the cumulative effect of ACEs on chronic
pain. A recent meta-analysis (Petruccelli et al., 2019)
reported that the odds of combined somatic pain
and headache during adulthood gradually increased
with multiple ACEs. Our review supports a substantial
gradual increased risk from 1 ACE to >4 ACEs for any
adult chronic pain, and for painful MSDs and non-
MSDs pooled separately. The small differences
observed between 2 to 3 ACEs and 3 to 4 or more
ACEs respectively may be due to the relatively small
number of included studies per level, the varying
type, severity, number, duration, timing, and method
of assessment of ACEs and chronic painful conditions.
Further, the response to an ACE may vary depending
on the individual’s underlying characteristics, resili-
ence, and vulnerability (Finlay et al., 2022).
Methodological challenges included the varying
terminology, operational definitions of “child abuse
and neglect”, and tools used to measure ACEs across
studies. Further, different subtypes of child maltreat-
ment are correlated with one another, which makes
it difficult to extract the impact of a specific type of
maltreatment with an outcome variable. The accuracy
of self-reported ACEs is also uncertain. Nonetheless,
due to the hidden nature of ACEs, global data suggests
self-reported child sexual abuse is 30 times higher and
physical abuse is 75 times higher than official reports
(Hillis et al., 2015). Thus, self-reports are considered
an essential measurement tool, and the fact that results
were consistent adds credibility. Other environmental/
indirect ACEs such as major natural disasters, school
shootings, and warzones are often not measured,
further exacerbating the issue of underreporting
(Abdelhamid et al., 2023; Holloway et al., 2023).
There is an urgent need to more comprehensively
identify individuals who have experienced ACEs as
well as the timing, duration, and subjective severity
of such experiences. The majority (84%) of included
studies used a cross-sectional design. While these are
useful designs to identify associations, they do not per-
mit distinction between cause and effect, and are
prone to selection and recall bias (Mann, 2003). How-
ever, the findings from the case—control studies reveal-
ing significant increased risks of adult chronic painful
conditions (Bradford et al., 2012; Ju et al., 2020; Park
et al., 2016; Rahal et al., 2020; Sumanen et al., 2007;
Tietjen et al., 2015), were consistent with four of the
five cohort studies with follow-up times ranging
from 4 to 30 years, included in this review (Chandan
et al., 2020; Kopec & Sayre, 2005; Raphael et al.,
2001; Raphael & Widom, 2011; Swanson et al,
2013). We were unable to pool results from cohort
studies. Nonetheless, consistent results across
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populations, geography, and study design add credi-
bility to our conclusions. Still, confounding variables
are the major problem in analysing cohort studies
(Mann, 2003).

Substantial heterogeneity was present for most out-
comes, which could only partially be explained by sub-
group and sensitivity analyses. Further, the analyses of
subgroup differences were underpowered because of
the small number of studies included for each ACE
(Cuijpers et al.,, 2021). Only the association between
pain-related disability and any ACEs as well as phys-
ical abuse could be confirmed by meta-analysis. Few
studies were eligible to explore the association
between emotional abuse or neglect and disability.
Emotional abuse and neglect are difficult to operatio-
nalize, and these were defined differently across the
studies. Therefore, the strength of this association
might be underestimated.

Future research should aim to prospectively assess
the association between ACEs and chronic pain and
disability employing analytic methods to enhance cau-
sal inference (e.g. Propensity scores, G-Methods, Cau-
sal mediation analysis, Fixed effects regression)
described elsewhere (Visontay et al., 2021). ACEs
may be more accurately understood in terms of
classes, rather than using summative scores, resulting
in more accurate predictive models (O’Donnell et al.,
2017) Latent class analyses can provide deeper under-
standing of how certain risk factors may differentially
be associated with ACE subgroups by maximizing the
homogeneity within groups, (i.e. individuals within a
class would respond similarly to certain maltreatment
items) and the heterogeneity between groups, (i.e.
individuals between classes will respond differently)
(EIklit & Murphy, 2022). In addition, to mitigate
their impact, future research is needed to understand
the biological mechanisms by which ACEs influence
health and disease throughout the lifespan.

In conclusion, single and cumulative ACEs appears
to significantly increase the risk of reporting adult
chronic pain and related disability. There is a need
to reduce ACEs worldwide and address their associ-
ated societal burden.
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