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A B S T R A C T

Adults with symptoms of anxiety, depression, or PTSD and a history of adverse childhood experiences (ACEs) 
may experience more severe symptoms than those without ACEs. The identification of mechanisms linking ACEs 
to later mental health problems may provide salient treatment targets to improve outcomes. Several biological 
markers (cortisol, inflammation, allostatic load, DNA methylation, and telomere length) that are indicative of 
functional variation in stress response systems, have been hypothesized as potential mechanisms linking ACEs to 
later mental health outcomes. Much of the evidence supporting this hypothesis examines isolated pairwise as
sociations between variables and it is unclear whether statistical tests of mediation support these conclusions. It 
is also unclear how much of the extant research has used theory to guide mediation analyses, which may be a 
salient factor in the recognition of a mechanism. This scoping review surveyed research conducting mediation 
analysis examining the indirect effect of any of these five biological markers on the relationship between ACEs 
and anxiety, depression, or PTSD. It further surveyed the use of theory in these analyses. Pubmed and seven 
electronic databases were searched: (1) APA PsychInfo (2) CINAHL Plus (3) Health Source: Nursing/Academic 
Edition (4) MEDLINE (5) Psychology and Behavioral Sciences Collection (6) Science and Technology Collection, 
and (7) SocINDEX. A total of 16 articles were identified. The majority of studies examined depression as an 
outcome and the statistical significance of indirect effects were mixed across mediators. Common theoretical 
models and frameworks were consistent with life course theory and evolutionary or developmental perspectives.

There is extensive evidence that adverse childhood experiences 
(ACEs) have significant negative effects on many major life outcomes in 
adulthood and are associated with anxiety, depression, and post- 
traumatic stress disorder (PTSD) (Chapman et al., 2004; Cloitre et al., 
2011; Lippard and Nemeroff, 2020; McCutchen et al., 2022; Merrick 
et al., 2017; Whitaker et al., 2021). Individuals experiencing depression, 
anxiety, or PTSD after exposure to ACEs often experience a more severe 

pathophysiology, marked by earlier onset, more severe symptoms, and 
diminished treatment response compared to those without ACEs (Lippard 
and Nemeroff, 2020, 2022). Identifying mechanisms linking ACEs to 
mental health outcomes may offer critical targets for treatment and 
prevention (Lippard and Nemeroff, 2022). The processes linking ACEs 
with mental health symptoms are thought to involve changes in stress 
response regulation, particularly the hypothalamic-pituitary-adrenal 

* Corresponding author.
E-mail address: laurados@utexas.edu (L.H. Dosanjh). 

1 https://orcid.org/0000-0002-9184-2961
2 https://orcid.org/0000-0001-5676-1333
3 https://orcid.org/0000-0002-8225-0294
4 https://orcid.org/0000-0003-0994-908X
5 https://orcid.org/0000-0003-2626-4752
6 https://orcid.org/0000-0002-3922-084X
7 https://orcid.org/0000-0003-3777-3077
8 https://orcid.org/0000-0003-1762-2888

Contents lists available at ScienceDirect

Neuroscience and Biobehavioral Reviews

journal homepage: www.elsevier.com/locate/neubiorev

https://doi.org/10.1016/j.neubiorev.2025.106062
Received 5 December 2024; Received in revised form 3 February 2025; Accepted 8 February 2025  

Neuroscience and Biobehavioral Reviews 171 (2025) 106062 

Available online 12 February 2025 
0149-7634/© 2025 Elsevier Ltd. All rights are reserved, including those for text and data mining, AI training, and similar technologies. 

https://orcid.org/0000-0002-9184-2961
https://orcid.org/0000-0002-9184-2961
mailto:laurados@utexas.edu
https://orcid.org/0000-0002-9184-2961
https://orcid.org/0000-0001-5676-1333
https://orcid.org/0000-0002-8225-0294
https://orcid.org/0000-0003-0994-908X
https://orcid.org/0000-0003-2626-4752
https://orcid.org/0000-0002-3922-084X
https://orcid.org/0000-0003-3777-3077
https://orcid.org/0000-0003-1762-2888
www.sciencedirect.com/science/journal/01497634
https://www.elsevier.com/locate/neubiorev
https://doi.org/10.1016/j.neubiorev.2025.106062
https://doi.org/10.1016/j.neubiorev.2025.106062
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neubiorev.2025.106062&domain=pdf


(HPA) axis, during sensitive developmental periods (Shonkoff et al., 
2012). Potential biological markers associated with HPA axis dysregu
lation or its downstream effects include cortisol, inflammation, allostatic 
load, DNA methylation, and telomere length (Cooke et al., 2023; Finlay 
et al., 2022; Krause et al., 2020; Ridout, Levandowski, et al., 2018; 
Shonkoff et al., 2012). For the purposes of this research, the term stress 
related biological marker (SBM) specifically refers to any of these five 
biomarkers. The science supporting these SBMs as mechanisms is still in 
early stages. Limited research examining relationships between ACEs, 
mental health, and these five SBMs have employed statistical mediation, 
which is a critical form of evidence required to support the recognition of 
a mechanism (Kazdin, 2007; Tryon, 2018). Furthermore, it has been 
asserted that the formal recognition of a mechanism also requires robust 
theory to explain causal relationships between variables (Tryon, 2018). 
This scoping review surveys existing research that tests statistical medi
ation models in which cortisol, inflammation, allostatic load, DNA 
methylation, or telomere length are hypothesized to indirectly affect the 
relationship between ACEs and mental health outcomes. It also clarifies 
whether these studies were situated within theoretical frameworks. In 
doing so, this review helps to advance a more cohesive, theory-based 
understanding of the state of evidence supporting these SBMs as hy
pothesized mechanisms connecting ACEs to mental health outcomes. 
Further clarification in this area is crucial in order to identify and 
improve avenues for assessment, treatment, and prevention of the serious 
course of mental health symptomatology that can follow in the aftermath 
of ACEs (Lippard and Nemeroff, 2022).

1. ACEs and anxiety, depression, and PTSD

ACEs are stressful or traumatic events that occur before the age of 18 
(Felitti et al., 1998). ACE events include abuse (physical, emotional, 
sexual), neglect (physical and emotional), and household dysfunction 
(divorce, domestic violence in the home, substance use disorder or 
mental illness experienced by a parent, and incarceration of a family 
member) (Felitti et al., 1998). Other sources of adversity include the 
death of a parent, separation from a parent, being in foster care, 
bullying, peer rejection, community violence, or neighborhood insta
bility (Choi et al., 2020; Cronholm et al., 2015; Finkelhor et al., 2013). 
The original ACE study conceptualized these events within a cumulative 
dose model, which acknowledges the additive and possibly interactive 
effect of multiple types of ACEs, and the number of ACE exposures have 
been associated with increasing risk for multiple deleterious health 
outcomes (Felitti et al., 1998; McLaughlin, 2020). These outcomes 
include some of the leading causes of mortality and common mental 
health diagnoses in adulthood (Felitti et al., 1998; Kessler et al., 2010).

ACEs have been consistently linked to increased risks for anxiety, 
depression, PTSD, and complex post-traumatic stress disorder (CPTSD) 
in adulthood (Chapman et al., 2004; Lippard and Nemeroff, 2020; 
McCutchen et al., 2022; Merrick et al., 2017; Whitaker et al., 2021). 
CPTSD is a form of PTSD that is often associated with ongoing or chronic 
exposures that begin in childhood and includes additional symptoms 
related to disturbances of self-organization, beyond those found in PTSD 
(Cloitre et al., 2011). The original ACEs study (Felitti et al., 1998) 
examined associations between the cumulative number of ACEs and 
long-term health outcomes in 17,337 adult members of the Kaiser Per
manente health organization. Investigators discovered that individuals 
with an ACE score of ≥ 4 had more than 4.5 time the odds of being 
depressed and more than 12 times the odds of reporting a lifetime sui
cide attempt than individuals with no ACEs (Felitti, 2002). Later work 
on population representative datasets corroborated the associations 
between ACEs and depression in adults (Desch et al., 2023; Ege et al., 
2015; Gupta, 2022; Remigio-Baker et al., 2014) and these findings have 
been replicated through longitudinal prospective cohort studies (Iob 
et al., 2022; Wang et al., 2021). Similarly, research has demonstrated 
associations between the number of ACEs and anxiety (Anda et al., 2006; 
Poole et al., 2017; Racine et al., 2021; Whitaker et al., 2021) and PTSD 

(Brewin et al., 2000; Cloitre et al., 2019; Frewen et al., 2019; Tabb et al., 
2022) in adults. In a sample of adults from the Midlife in the United 
States study (a nationally representative dataset), individuals with three 
or more ACEs were 3.05 times (95 % CI: 2.06–4.51) more likely to report 
an anxiety disorder in the preceding 12 month period compared to those 
with no ACEs (Whitaker et al., 2021). In a study using nationally 
representative datasets from both the U.S. and Ireland, ACE exposures 
were significantly associated with CPTSD including one (AOR = 2.70, 
p = .011), two (AOR = 3.11, p = .007), three (AOR = 7.97, p < .001), 
and ≥ four (AOR = 15.70 p < .001) events (McCutchen et al., 2022). 
Meta-analytic studies have further supported this evidence and have 
reported significant relationships between ACEs and depression, anxi
ety, and PTSD (Crede et al., 2023; Gardner et al., 2019; Racine et al., 
2021; Sahle et al., 2022; Tan and Mao, 2023).

ACEs have been linked to a number of mental health disorders 
beyond anxiety, depression, and PTSD, including conditions such as 
bipolar, schizotypal, borderline, and narcissistic personality disorders 
(Afifi et al., 2011; Nemeroff and Binder, 2014; Lippard and Nemeroff, 
2020). Anxiety, depression, and PTSD, however, are comparatively 
more prevalent mental health conditions in the United States and 
globally (Nochaiwong et al., 2021; Steel et al., 2014), making them 
particularly relevant for focused investigation. For example, the World 
Health Organization (WHO) (n.d.) ranked anxiety and depression as the 
most common mental health disorders globally in 2019 with estimates 
suggesting that 301 million were living with anxiety and 280 million 
with depression. By comparison, 40 million people were estimated to be 
living with bipolar disorder and 24 million with schizophrenia the same 
year. A recent meta-analysis (Nochaiwong et al., 2021) examining the 
global prevalence of mental health disorders in 2020 estimated that 
28 % of the population experienced symptoms of depression at some 
point during the year, while 26.9 % experienced symptoms of anxiety, 
and 24.1 % reported PTSD symptoms. Given the widespread prevalence 
of anxiety, depression, and PTSD, focused investigations into the role of 
ACEs in their etiology and pathophysiology - including and the biolog
ical pathways between ACEs and these outcomes - have the potential to 
yield significant public health impact.

1.1. Symptom severity and outcomes

Adults and youth with anxiety, depression, or PTSD and a history of 
ACEs often experience earlier age of onset, more severe symptoms, and 
diminished response to treatment compared those without ACEs 
(Lippard and Nemeroff, 2022). In a sample of 1196 children that were 
followed longitudinally into adulthood, participants were matched for 
ACEs, age, race, gender, and socioeconomic status (Widom et al., 2007). 
Investigators found that children with ACEs were more likely to develop 
depression and experience symptom onset at an earlier age compared to 
controls. Other studies have demonstrated that those with ACEs often 
experience a more severe course of illness. For example, in a sample of 
454 adults seeking treatment for depression, those with higher numbers 
of ACEs reported more lifetime suicide attempts, psychiatric related 
inpatient admissions, and greater symptom severity (Giampetruzzi 
et al., 2023). Other studies on anxiety (Lähdepuro et al., 2019) and PTSD 
(Schalinski et al., 2016) have found greater symptom severity in those 
with higher ACEs compared to those with lower levels or no ACE ex
posures. Poor response to treatment in the form of lack of remission, a 
longer time to remission, or early drop-out have been documented in 
those with depression anxiety and/or PTSD with a history of ACEs 
(Bruce et al., 2011; Lippard and Nemeroff, 2020, 2022). A clinical trial 
with 318 adolescents with major depressive disorder randomized par
ticipants to cognitive behavioral therapy, fluoxetine, or combined 
treatment for 36 weeks, and participants without ACEs made more rapid 
improvements than those with previous ACE exposures (Waldron et al., 
2019). These findings are congruent with a meta-analysis that surveyed 
16 epidemiological studies and found that ACEs were associated with a 
lack of response and lack of remission during treatment for depression 
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(Nanni et al., 2012). CPTSD, which often develops as a result of pro
longed or repeated trauma during childhood, includes a broader spec
trum of symptoms and impact on dimensions of functioning than PTSD 
(Cloitre et al., 2011; Giourou et al., 2018) and meta-analytic work has 
demonstrated generally poorer treatment outcomes for these individuals 
(Karatzias et al., 2019). The evidence demonstrating the pernicious 
course of illness for those with anxiety, depression, or PTSD and a his
tory of ACEs suggests that these complex cases require specifically 
tailored treatments (Lippard and Nemeroff, 2020, 2022). However, 
more knowledge is required to build an evidence base for the most 
effective treatment options for these types of cases.

1.2. Processes linking ACEs and mental health

Understanding how ACEs and mental health outcomes are linked 
may provide clues to guide future interventions for adults with symp
toms of anxiety, depression, or PTSD and a history of ACEs. While 
research on the associations between ACEs and later mental health 
outcomes has proliferated, adjacent work has examined the pathways 
linking these variables. Multiple streams of investigation from within 
diverse disciplines (such as neuroscience, molecular biology, genomics, 
developmental psychology, epidemiology, and sociology) have illus
trated how early adverse and traumatic experiences can leave a lasting 
signature on the development and architecture of the brain, immune 
system, and epigenetic profiles, ultimately setting the stage for later 
deleterious health outcomes (Shonkoff et al., 2012). At a biological 
level, exposures to ACEs and other forms of early life stress are thought 
to influence HPA function, which is involved in the endocrine response 
to stressors (Smith and Vale, 2006; Straub and Cutolo, 2016). Activation 
of the HPA axis initiates a cascade of hormones such as 
corticotropin-releasing hormone (CRH), adrenocorticotropic hormone 
(ACTH), and glucocorticoids (e.g., cortisol), which initially dampens 
immune activity, suppressing inflammatory cytokines (Shonkoff et al., 
2012; Straub and Cutolo, 2016). While short activations of the HPA axis 
are adaptive, chronic activations and concomitant repeated exposure to 
elevated glucocorticoid levels lead to wear-and-tear, chronically 
elevated inflammation, and dysregulation of multiple systems in the 
body (Bobba-Alves et al., 2022; Finlay et al., 2022; McEwen, 2017). 
Furthermore, epigenetic studies on the impact of ACEs have found 
altered DNA methylation patterns of genes that are associated with 
glucocorticoid signaling and regulation such as NR3C1 and FKBP5 
(Alexander et al., 2018; Kim et al., 2023) in addition to other stress 
associated genes such as SCL6A3, SKA2, and BDNF (Kim et al., 2023). 
Other work has demonstrated that ACEs have been associated with 
shorter telomeres, which are protein structures that protect the end of 
chromosomes - with shorter telomere lengths indicating accelerated 
cellular aging (Ridout, Levandowski, et al., 2018). The biological 
wear-and-tear associated with ACEs, and alterations in DNA methylation 
of stress related genes may result in inflammatory, neuroendocrine and 
metabolic dysregulation, and over time may lead to compromised 
physical and mental health outcomes (Finlay et al., 2022; McEwen and 
Stellar, 1993).

1.3. What is a mechanism and state of evidence

Mechanisms are commonly understood to explain how specific 
phenomenon (and the components thereof) dynamically produce 
change (Illari and Williamson, 2012). The current research is concerned 
with identifying the specific components involved in the biological 
processes linking ACEs to mental health outcomes. Several SBMs 
including cortisol, inflammation, allostatic load, DNA methylation, and 
telomere length have been implicated in the stress processes linking 
ACEs to later mental health outcomes (Cooke et al., 2023; Finlay et al., 
2022; Krause et al., 2020; Ridout et al., 2018; Shonkoff et al., 2012) and 

have consequently been hypothesized as mechanisms (Lippard and 
Nemeroff, 2020, 2022; Ridout et al., 2018). Work from within inter
vention science and psychology has suggested that the formal identifi
cation of a mechanism requires: 1) statistical evidence of mediation; 2) 
experimental evidence of causation; and 3) robust theory to explain 
causal relationships between variables (Kazdin, 2007, 2008, 2009; 
Tryon, 2018). These criteria work together to establish an 
evidence-base. The inclusion of theory to explain potentially causal re
lationships between variables is crucial in examinations of statistical 
mediation. Statistical mediation can demonstrate relationships between 
variables, but cannot support the identification of plausibly causal 
pathways (Fiedler et al., 2011; Tryon, 2018; VanderWeele, 2009). 
Theoretically driven hypotheses help establish the temporal ordering of 
variables by explaining potentially causal pathways, allowing statistical 
outcomes to either support existing theories or point to new avenues to 
refine theoretical models (MacKinnon and Luecken, 2011; Pirlott and 
MacKinnon, 2016). While ethics prohibit experimental designs exam
ining the impact of ACEs with human participants, observational human 
studies can generate theoretical explanations of causation that can be 
tested through statistical mediation. However, it is currently unclear 
how many studies have conducted tests of statistical mediation exam
ining the indirect effects of these SBMs on the relationship between ACEs 
and depression, anxiety, or PTSD, or what patterns exist in this literature 
related to the statistical significance of indirect effects. Furthermore, it is 
unknown if the mediation analyses that do exist have been driven by 
robust theory to explain the potentially causal relationships between 
variables.

There is a foundation of evidence supporting the possibility that each 
of these five SBMs could mediate the relationship between ACEs and 
depression, anxiety, or PTSD in adults. The majority of this evidence, 
however, has relied on examinations of isolated pairwise associations 
between variables such as between ACEs and cortisol (from blood, urine, 
saliva, or hair) (Brindle et al., 2022; Demakakos and Steptoe, 2022), 
various inflammatory markers (Baumeister et al., 2016; Coelho et al., 
2014), allostatic load (Finlay et al., 2022), DNA methylation (Cicchetti 
et al., 2016; Non et al., 2016; Parade et al., 2021; Tozzi et al., 2018), and 
telomere length (Bürgin et al., 2019). Each of these SBMs, in turn, have 
been associated with depression, anxiety, or PTSD symptoms or diag
nosis. Highlights of this work demonstrate these mental health issues as 
outcomes associated with cortisol (Dedovic and Ngiam, 2015; Herbert, 
2013; Pan et al., 2018; Sa et al., 2010; Zajkowska et al., 2022), 
inflammation (Danese and Baldwin, 2017; Miller and Raison, 2016; 
Passos et al., 2015; Salim et al., 2012), allostatic load (Guidi et al., 2021; 
Kobrosly et al., 2014), DNA methylation (Argentieri et al., 2017; Hum
phreys et al., 2019; Panek et al., 2014), and telomere length (Kuehl 
et al., 2022; Malouff and Schutte, 2017; Simon et al., 2006). Notably, a 
recent review (Zagaria et al., 2024) synthesized some of this founda
tional evidence supporting statistical mediation. Investigators surveyed 
studies assessing associations between any ACE and inflammation, or 
between inflammation and depression, and conducted meta-analytic 
structural equation modelling analysis to assess statistical mediation. 
Investigators found that three inflammatory markers (CRP, IL-6, and 
composite variables) significantly mediated associations between ACEs 
and adult depression.

Fewer studies have examined the indirect effects of cortisol, 
inflammation, allostatic load, DNA methylation, or telomere length on 
the relationship between ACEs and depression, anxiety, or PTSD. A 
recent systematic review (Maayan and Maayan, 2024) examined the 
relationships between childhood and/or adult adversity, inflammation, 
and depression. The inclusion criteria allowed varied statistical analyses 
(ie. regression, correlation, moderation, and mediation), mediating 
variables (ie. markers other than inflammatory or latent variables 
comprised of inflammation plus psychological measures), outcome 
variables (ie. depression, associated physical health outcomes, or latent 
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variables comprised of depressive symptoms plus other psychosocial 
measures), sample populations (ie. both child and adult), and forms of 
adversity (ie. both child and adult adversity). Therefore, the review by 
Maayan and Maayan (2024) was not able to provide a focused analysis 
on the state of the science related to the mediation effects of inflam
mation on the relationship between ACEs before the age of 18 and 
symptoms of depression in adult populations. The authors of the current 
scoping review are furthermore unaware of other reviews outlining the 
mediating role of cortisol, inflammation, allostatic load, DNA methyl
ation, or telomere length on the relationship between ACEs and 
depression, anxiety, or PTSD. While there is a robust repository of pre
liminary evidence to support the possibility that each of these five SBMs 
may function as mechanisms linking ACEs to depression, anxiety, or 
PTSD, the body of research employing statistical mediation with the 
variables appears to be in a nascent stage of development. This body of 
research may require further development; however, a critical first step 
is to synthesize and consolidate the existing literature in order to iden
tify future directions in the iterative process of identifying mechanisms 
linking ACEs to later mental health outcomes.

1.4. Current work

As suggested by Arksey and O’Malley (2005), scoping reviews are 
particularly suited for identifying gaps in the literature by broadly 
surveying existing research without being constrained by study quality 
or heterogeneity in design. They are also well suited for consolidating 
and synthesizing research across emerging or complex fields where 
knowledge is often spread across various disciplines (Mak and Thomas, 
2022; Munn et al., 2018). The study of SBMs such as cortisol, inflam
mation, allostatic load, DNA methylation, and telomere length as po
tential mediators of the relationship between adverse childhood 
experiences (ACEs) and later mental health issues is still in a 
nascent-stage and involves work from within multiple disciplines. Given 
the limited comprehensive reviews and expected diversity in study de
signs, a scoping review was deemed the most appropriate method.

This review aimed to map the extent of research investigating the 
potential mediating roles of five key SBMs—cortisol, inflammation, 
allostatic load, DNA methylation, and telomere length—in the rela
tionship between ACEs and mental health outcomes such as depression, 
anxiety, or PTSD. Specifically, the review sought to identify how many 
studies have conducted statistical mediation analyses, and whether 
these studies were framed by robust theoretical frameworks to explain 
the causal relationships between variables. By mapping this research 
landscape, the study aims to clarify the current state of evidence and 
highlight areas in need of further investigation. Ultimately, this scoping 
review contributes to advancing a more integrated, theory-driven un
derstanding of the state of science examining whether these SBMs may 
function as mechanisms linking ACEs to mental health outcomes. This 
research is guided by the following research questions: 

1. How many studies exist that conduct statistical mediation analyses to 
examine either cortisol, inflammation, allostatic load, DNA methyl
ation, or telomere length as hypothesized mediators of the rela
tionship between ACEs (within a cumulative dose framework) and 
symptoms or diagnosis of anxiety, depression, or PTSD in adults?

2. How many of these studies have found statistically significant, versus 
non-significant indirect effects and what are the patterns of signifi
cance across mediators and outcomes?

3. What type of ACEs have been included in statistical mediation 
models examining the effects of the identified SBMs on the associa
tions between ACEs (analyzed within a cumulative dose framework) 
and anxiety, depression, and PTSD?

4. What theories and models have been used to frame research exam
ining the statistical mediating effect of these SBMs on the relation
ship between ACEs and anxiety, depression, or PTSD?

2. Methods

2.1. Protocol and registration

Design of this scoping review was supported by methodological 
frameworks described by Arksey and O’Malley (2005) and Colquhoun 
and colleagues (2014). The steps outlined by these authors include: 
identifying a research question, identifying relevant literature, selecting 
studies, charting the data, and collating, summarizing, and reporting 
results (Arksey and O’Malley, 2005; Colquhoun et al., 2014; Levac et al., 
2010). The scoping review protocol was developed with the Preferred 
Reporting Items for Systematic Reviews and Meta Analyses extension for 
Scoping Reviews (PRISMA ScR) checklist and the results were reported 
according to PRISMA ScR guidelines (Tricco et al., 2018). A protocol was 
registered with Open Science Framework (OSF) (https://osf.io/vf5mg/? 
view_only=218260963bd64541807b46bf80398493). While stake
holder consultation is often incorporated into scoping reviews to pro
vide additional insights and identify gaps (Mak and Thomas, 2022), it 
was not conducted in this review as the research team possessed the 
necessary expertise to comprehensively address the study objectives.

2.2. Eligibility criteria

Studies were eligible for inclusion if they were written in English, 
published in peer-reviewed journals, and included statistical mediation 
analyses examining the indirect effects of at least one of five identified 
SBMs, including cortisol, inflammation, allostatic load, DNA methyl
ation, or telomere length on the relationship between ACEs and symp
toms or diagnosis of either anxiety, depression, or PTSD. There were no 
limitations regarding the years of publication. Sample participants were 
adults (18 + years), and symptoms or diagnosis of depression, anxiety, 
or PTSD were measured, with or without comorbid symptoms or diag
nosis. ACEs were conceptualized within the cumulative dose model 
(ACEs were summed) and included at least three types of ACEs in 
recognition of the role of dosing effects as conceptualized by the original 
ACEs study investigators (Felitti et al., 1998).

The exclusion criteria included: studies not in English, not peer 
reviewed, or with non-human animal subjects. Studies were excluded 
that did not plan or conduct tests of statistical mediation where the in
direct effect of either cortisol, inflammation, allostatic load, DNA 
methylation, or telomere length on the relationship between ACEs and 
either depression, anxiety, or PTSD was assessed. Studies were excluded 
that did not measure or examine symptoms or diagnosis of either 
depression, anxiety, or PTSD. Studies that captured less than three ACEs 
or ACEs were scored in a binary fashion (ie. exposed versus not exposed) 
were excluded. Studies conducted with participants younger than 18 
years old were excluded. For more information on the inclusion and 
exclusion criteria, please see the protocol registered with Open Science 
Framework.

2.3. Information sources and search strategy

PubMed and seven additional electronic databases were systemati
cally searched to identify and retrieve all relevant published studies. The 
electronic databases included: (1) APA PsychInfo (2) CINAHL Plus (3) 
Health Source: Nursing/Academic Edition (4) MEDLINE (5) Psychology 
and Behavioral Sciences Collection (6) Science and Technology Collec
tion, and (7) SocINDEX. Search terms were developed and refined in 
consultation with an academic librarian and the final terms were 
grouped into four categories with Boolean operators (AND OR) and 
wildcard symbols: (1) “adverse childhood experiences” OR “ACE* ” OR 
“abuse” or “neglect” or “childhood trauma” or “child maltreatment” or 
“early life stress” or “household dysfunction” OR "adverse child* " OR 
(child* n3 abuse*) OR "child*neglect" OR (child* n3 trauma*) OR 
"child* maltreatment" OR "child* adversity”; AND (2) “biomarker* ” OR 
“Biologic* marker* ” OR “allostatic” OR “Immun* ” OR “Inflammat* ” 
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OR “c-reactive protein” OR “interleukin-6” OR “tissue necrosis factor 
alpha” OR “fibrinogen” OR “Leukocyte” OR “Cytokine” OR “Glucocor
ticoid receptor” OR “Insulin” OR “glucose” OR “Epigenetic” OR “Telo
mere” OR “Cortisol” OR “Saliva” OR “Body Mass Index” OR “Heart rate 
variability” OR “Cardiovascular reactivity” OR “Physiological corre
lates” OR “Metabolic” OR “Endocrine” OR “Metabolomic* ” OR “Dehy
droepiandrosterone” OR “Thyroid hormones” OR “adiponectin” OR 
“triglycerides” OR “DNA methylation” OR “methylation” OR “epigenetic 
age” OR “clock” OR “accelerated age* ” OR “high density lipoprotein”; 
AND (3) “mental health” or “depress* ” or “anxiety” or “post-traumatic- 
stress disorder” or “posttraumatic” OR “PTSD”; AND (4) “mediation” or 
“mediator” or “mediating” or “mediat* ”. Hand searching was also 

conducted to identify relevant articles and sources included Google 
Scholar and review articles identified during title and abstract screening. 
The last search was conducted on September 5, 2024.

2.4. Selection of sources of evidence and data charting

Zotero (Trinoskey et al., 2009) was used for the deduplication of 
records yielded by the search of electronic databases and title and ab
stract screening was conducted in Rayyan (Ouzzani et al., 2016). Three 
reviewers participated in a pilot of the search strategy based on 20 re
cords randomly selected by the librarian and the eligibility criteria was 
tested and confirmed with 95 % inter-rater agreement. A two-level 

Fig. 1. PRISMA Diagram.
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screening process was then conducted, with the first level including ti
tles and abstracts and the second level involving full text review. Two 
reviewers independently and in duplicate screened all records at both 
levels of review. Agreement was calculated as the percentage of records 
where both reviewers made the same inclusion or exclusion decision 
(McHugh, 2012). Title and abstract screening yielded 99 % inter-rater 
agreement and full text screening resulted in 93 % inter-rater agree
ment. Disagreements at both levels were resolved by consensus discus
sion between all three reviewers. Two reviewers independently and in 
duplicate collected the specified data items from each record included in 
the final sample. Discrepancies were resolved by consensus discussion 
between all three reviewers. Highlights of data items extracted from the 
final sample of studies included: study title and author, publication year, 
discipline of first author, sample size, sample demographics (age, 
gender, race, income), study design, survey tools for ACEs, depression, 
anxiety, and PTSD, type of SBMs used, type of mediation analysis, 
number of mediation models assessed, results of mediation analyses, and 
theoretical framework or models used to drive analysis (if any).

2.5. Synthesis of results

The results of this study were examined according to the framework 
established by Levac and colleagues (2010). Descriptive numerical 
summaries and thematic analyses were used to answer the research 
questions put forth by this study. Descriptive statistics were summarized 
for sample demographics, ACE prevalence, mental health symptom
atology, and SBMs. Effect sizes related to the mediation outcomes were 
examined based on indirect effect coefficients, mediation proportion, 
and R2 values, where reported, in each study.

3. Results

As presented in Fig. 1, the search strategy described in the methods 
section resulted in 4692 records comprised of 1935 from Medline, 1038 
from APA Psychinfo, 965 from Pubmed, and 754 from other electronic 
databases. After duplicates were removed a pool of 2591 records were 
identified for review. A total of 2564 records were excluded during the 
process of title and abstract screening, and an additional single article 
was identified through hand searching, resulting in 28 records for full 
text-review. An additional 12 articles were excluded after full-text re
view, resulting in a final sample of 16 studies.

The studies in the final sample were published between 2020 and 
2024 (Bakouni et al., 2023; Comtois-Cabana et al., 2023; Gardhouse, 
2021; Iob et al., 2020; Ju et al., 2020; Klopack et al., 2022; Li and Xiang, 
2023; Maes et al., 2022; Martinez et al., 2024; O’Shields et al., 2024; 
O’Shields, Mowbray, et al., 2022; O’Shields, Patel, et al., 2022; O’Sh
ields and Gibbs, 2021; Wiegand et al., 2021; Willemen et al., 2022), 
except for one study published in 2012 (Cho et al., 2012). As presented 
in Table 1, the first authors of these 16 studies were from various dis
ciplines including psychiatry (n = 4), social work (n = 4), medicine 
(n = 3), epidemiology (n = 2), psychology (n = 2), and gerontology 
(n = 1). These publications represent research from seven different 
countries including the United States of America (n = 7), Canada 
(n = 3), China (n = 2), Germany (n = 1), the United Kingdom (n = 1), 
the Netherlands (n = 1), and Thailand (n = 1). The sample sizes in these 
studies ranged from 60 to 6518 with a total of 29,796 participants across 
all studies. There were ten studies where the gender of participants was 
more than 51 % female and six with samples more than 51 % male, 
while no studies reported participants with transgender, non-binary, or 
other gender identities. Ten studies reported the race and ethnicity of 
their participants. Of those, eight reported that the majority of the 
participant sample was White (=<54 %), while one study reported a 
participant sample that was predominantly Black (85 %), and the 
remaining study reported a generally even distribution of multiple 
racial/ethnic groups. The age of the participants in these samples was 
generally older. Nine studies contained participant samples where the 

mean age was above 50 years old: of those studies, four contained 
participant samples with a mean age above 60. Two studies contained 
participant samples with mean ages of 40 and 44, and the remaining five 
studies had a sample of participants with mean ages between 24 and 35 
years. Markers of socioeconomic status also trended towards the higher 
end. Two studies did not report either educational attainment or income 
of participants. Of the eleven studies that reported on educational 
attainment, seven studies reported that the largest proportion of the 
participant sample had some college education, and four studies re
ported high school or less. Eight studies reported monetary assets, which 
were captured through wealth, income, or yearly expenditures. The 
studies that reported average yearly income were distributed as follows: 
$75,000 or above (n = 3) and $25,000-$50,000 (n = 2). One study re
ported median wealth as being $232,000 and another reported that 
50 % of participants were in the two highest wealth quintiles. The last 
study reported that the mean yearly household expenditure was 62,000 
yuan.

3.1. Predictors

ACEs were the predictor variable examined in all studies. The mea
surement, number, and type of ACEs in this sample of studies varied 
considerably. Nine studies used established screeners. Of those, seven 
studies used the Childhood Trauma Questionnaire (Bernstein et al., 
1997), which contains items related to emotional, physical, and sexual 
abuse in addition to emotional and physical neglect. One study used the 
Risky Families Questionnaire (Taylor et al., 2006) and contained items 
related to abuse, neglect, and household dysfunction. Another study 
used four items from the original ACEs study screener (Felitti et al., 
1998) including physical and emotional abuse, emotional neglect, and 
witnessing domestic violence. Of the remaining studies, one study did 
not report the number or type of ACEs but indicated that items were 
comprised of stressful life experiences before the age of 12. Six studies 
used scales constructed for the purposes of the specific study and the 
number of ACEs ranged from 3 to 12. The type of ACEs reported in these 
studies fall into three categories: 1) those that match the items from 
Felitti’s (1998) original ten ACEs; 2) those that match expanded scale 
items related to other family and community sources of adversity; 3) and 
those that have not been commonly included in ACE frameworks. The 
ACEs items that align with the original ACEs study were distributed 
across studies as follows: physical abuse (n = 6), sexual abuse (n = 4), 
parental separation or divorce (n = 3), substance use in the household 
(n = 3), emotional neglect (n = 2), witnessing domestic violence 
(n = 2), household or parental mental illness (n = 2), emotional abuse 
(n = 2), and incarceration of a household member (n = 1). Expanded 
scale ACEs items were distributed across studies as follows: death of a 
parent (n = 3), separation from a parent (n = 2), foster care (n = 2), 
child poverty (n = 1), sibling death (n = 1), bullying (n = 1), unsafe 
neighborhood (n = 1), and physical assault (not from parents) (n = 1). 
The least traditional ACEs items were distributed across studies as fol
lows: parental education less than high school (n = 1), parental argu
ments (n = 1), child welfare visits (n = 1), parental disability (n = 1), 
low maternal bonding (n = 1), low paternal bonding (n = 1), and 
24 h-institutionalization (n = 1).

3.2. Outcomes

While the outcomes of interest of this scoping review included anx
iety, depression, and PTSD, 13 studies in the final sample examined 
depression, two studies examined anxiety, one study examined both 
depression and anxiety, and no studies examined PTSD. Most of the 
studies used well established instruments to measure depression or 
anxiety. Among the 13 studies examining depression, seven studies used 
the Center for Epidemiologic Studies of Depression (CESD) (Radloff, 
1977), two used the Beck Depression Inventory (BDI) (Beck et al., 1996), 
two used the Patient Health Questionnaire (PHQ) (Kroenke et al., 2001), 
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Table 1 
Characteristics of Studies Conducting Mediation Analyses.

Author, Year, 
Discipline & 
Country

Sample & Size Sample 
Demographics

Number and type of ACES Mental health 
outcome

Mediator(s) and models Mediation 
Analysis and 
Control

Design Mediation Results*

Cho et al., 
(2012); 
Psychiatry; 
USA

Participants from 
CARDIA study 
n = 2716

Mean age= 40; 
55 % female; 
Race: 57 % 
White, 43 % 
Black; 
Mean years of 
education: 12

7 items: Risky Families 
Questionnaire: felt loved; 
shown physical affection; 
verbally abused; physically 
abused; family member 
aware of child’s 
whereabouts; lived with a 
substance user; lived in 
well-organized household

Depressive symptoms: 
CES-D (minus fatigue and 
sleep disturbance items)

CRP and IL− 6: 
Simple mediation: 4 models: 1 
and 2) CRP as mediator with 
and without controls; 2 and 3) 
IL− 6 as mediator with and 
without controls

Baron and Kenny 
and Sobel 
In control models 2 
and 4: age, gender, 
ethnicity, 
education

Longitudinal 
ACEs and CRP 
at baseline, 
depression and 
IL− 6 at follow 
up (5 years 
later)

CRP not significant. IL− 6 
significant in model without 
covariates: (b=0.249, 
p = 0.001), 2 % mediated by 
IL− 6 (p = 0.009)

Iob et al., (2020); 
Epidemiology; 
United 
Kingdom

Participants from the 
English Longitudinal 
Study of Aging 
n = 4382

Mean age = 70; 
56 % female; 
50 % in two 
highest wealth 
quintiles

12 items: sexual abuse, 
physical assault, physical 
abuse from parents, parent 
arguments, parent mental 
illness or substance abuse, 
parent separation or 
divorce, maternal bonding, 
paternal bonding, 
separation from mother for 
more than six months, 
parent death, foster care or 
adoption, and 24- 
institutionalization

Depressive symptoms: 
Centre for Epidemiological 
Studies Depression scale 
(CESD− 8). Two variables: 
baseline depression and 
slope of depression 
symptoms.

CRP 
Two parallel mediation 
models: 
Model 1: two variables 
representing CRP (one at 
baseline and slope of CRP) 
with additional mediators 
(adult socioeconomic position, 
lifestyle factors and use of anti- 
inflammatory/anti- 
hypertensive drugs) and 
control variables. 
Model 2: CRP baseline and 
slope with control variables.

Parallel process 
latent growth curve 
modelling; 5000 
bootstraps in Mplus 
Controls: 
Sex, age, and 
childhood SES 
position

Longitudinal 
ACEs at wave 
3, 
CRP at waves 
2, 4, 6, 
Depressive 
symptoms at 
waves 6, 7, 8.

Significant for baseline CRP 
but not slope of CRP in both 
models. 
In model 1, baseline CRP levels 
mediated 7 % and 5 % of the 
association of total ACEs with 
the intercept and slope of 
depressive symptoms 
independently of possible 
confounders and additional 
mediators.

Li and Xiang, 
(2023); 
Medicine; 
China

Participants from the 
China Health and 
Retirement 
Longitudinal Study, 
n = 6518

Mean age= 68; 
51 % female; 
84 % middle 
school or below; 
mean annual 
household 
expenditure: 
$62 K (in yuan).

12 items: domestic 
violence, physical abuse, 
household substance abuse, 
emotional neglect, 
incarcerated household 
members, household 
mental illness, and parental 
separation or divorce, 
sibling death, parental 
death, parental disability, 
bullying and unsafe 
neighborhood

Depressive symptoms 
Centre for Epidemiological 
Studies Depression Scale 
(CES-D)

high sensitivity C-reactive 
protein (HsCRP) and white 
blood cells 
Simple mediation. 
Models 1–4 
Indirect effects of CRP on 
either total ACEs or 7 
conventional ACEs with 
depression as binary or 
continuous variable. 
Models 5–8 
Indirect effects of white blood 
cells on either total ACEs or 7 
conventional ACEs with 
depression as binary or 
continuous variable. 
All models adjusted for control 
variables.

Baron and Kenny 
approach using the 
mediation package 
in R; 1000 
bootstraps 
Controls: 
age, sex, marital 
status, educational 
level, hukou status 
(region of 
residence), and 
childhood 
economic hardship

Cross-sectional hsCRP significant in all 
models. 
In model with total ACEs and 
depression as binary outcome, 
high sensitivity C-reactive 
protein explained 1.17 % of 
the association between ACEs 
and depressive symptoms. 
Indirect effect (B=0.0004, 
95 % CI=0.00008–0.0005). 
White blood cell count did not 
have a significant mediating 
effect in any model.

Maes et al., 
(2022); 
Medicine; 
Thailand

Participants recruited 
from the outpatient 
clinic of the 
Department of 
Psychiatry at King 
Chulalongkorn 
Memorial Hospital in 
Bangkok, Thailand 
and surrounding 
community. 
Depressed patients 

Mean age: 
Controls: 33.6 
Depressed: 28; 
66 % female; 
Mean years of 
education: 16

4 items from ACEs 
questionnaire; 
(1) mental trauma, 
(2) physical trauma, (3) 
mental neglect, (4) 
witnessing mother being 
abused (domestic violence).

Latent variable with 
symptoms of depression 
(Hamilton Depression 
Rating Scale), anxiety 
(Thai State Trait Anxiety 
Assessment), recent 
suicidal behavior 
(Columbia Suicide 
Severity Rating Scale), 
severity of diagnosis (ie. 

Inflammatory latent variable 
comprised of: T cell growth, 
growth factors, neuro- 
immunotoxicity 
Parallel mediation model with 
one mediator of interest. 
Second mediator latent 
variable comprised of immune 
markers and return of illness.

Partial Least 
Squares path 
analysis 
(SmartPLS); 5000 
bootstraps, SPSS 
Controls: 
sexual abuse, age

Cross-sectional There were significant specific 
indirect effects of ACE-on the 
mental health outcome that 
were mediated by the 
inflammatory variable 
(t = − 2.22, p = 0.026)

(continued on next page)
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Table 1 (continued )

Author, Year, 
Discipline & 
Country 

Sample & Size Sample 
Demographics 

Number and type of ACES Mental health 
outcome 

Mediator(s) and models Mediation 
Analysis and 
Control 

Design Mediation Results*

n = 20; 
Healthy controls 
n = 30

with or without psychotic 
features).

O’Shields et al., 
(2022); 
Social Work; 
USA

Participants from 
Midlife Development 
in the United States 
study, n = 2118

Mean age= 53; 
54.9 % male; 
Race: 71.3 % 
White; Mean 
income= $76 K

5 domains: Childhood 
Trauma Questionnaire: 
emotional, physical, and 
sexual abuse, emotional and 
physical neglect.

Depression as a latent 
variable from 4 subscales 
of Center for 
Epidemiological Studies 
Depression Scale 
(CES-D). Subscales: 
depressed affect, somatic 
activity, anhedonia, and 
interpersonal challenge.

Inflammation (as latent 
variable) including: C-reactive 
protein, fibrinogen, IL− 6, 
sICAM− 1, sE-selectin, and 
TNF- α. 
Parallel mediation with recent 
stress as second mediator. 
Model 1) without control 
variables 
Model 2) with control 
variables.

Structural Equation 
Modeling in R with 
Lavaan package. 
Controls: BMI, Age, 
tobacco use, anti- 
depressant 
medications, 
NSAIDS, race, sex/ 
gender, income

Cross-sectional The indirect paths were 
significant in both models. In 
model 2, ACEs were associated 
with inflammation (B=0.064, 
p < 0.01) and inflammation 
was associated with 
depression (B=0.139, 
p < 0.01).

O’Shields et al., 
(2024); 
Social Work; 
USA

Participants from 
Midlife Development 
in the United States 
study, n = 1914

Mean age: 53; 
54 % female; 
Race: 77 % 
White; 
Mean income: 
$77 K

5 domains: Childhood 
Trauma Questionnaire: 
emotional, physical, and 
sexual abuse, emotional and 
physical neglect. Scored as 
latent variable.

Depressive symptoms; 
Centre for Epidemiological 
Studies Depression Scale 
(CES-D). As latent 
variable.

C-reactive protein 
Indirect effects: 1) parallel 
mediation with two mediators: 
CRP and Social support; 2) 
serial mediation 
(ACEs–>social support–>
CRP–>depression) 
Model 1) with covariates, 
Model 2) Sensitivity analysis 
including participants with 
high CRP levels.

Structural equation 
modelling (SEM) in 
R, indirect effects 
with Sobel test. 
Controls: age, 
income, education, 
race/ 
ethnicity, sex, BMI, 
NSAID, 
antidepressant use, 
smoking

Cross-sectional Null finding

Willemen et al., 
(2022); 
Psychiatry; 
Netherlands

Participants from 
multi-ethnic cohort 
study (HELIUS) 
n = 5998

Mean age= 44 
57.8 % female; 
Race: 
21 % Dutch, 
19 % African- 
Surinamese; 18 % 
Moroccan; 
16.7 % Turkish; 
29 % medium- 
high education

4 domains of ACEs: physical 
abuse, emotional abuse, 
sexual abuse, emotional 
neglect.

Depressed mood using 
Patient Health 
Questionnaire− 9 
(PHQ− 9)

High sensitivity C-reactive 
protein

Mediation planned 
but not conducted 
as pre-testing 
revealed no 
significant 
association 
between ACEs and 
CRP.

Cross-sectional Null finding

Gardhouse et al., 
(2021); 
Psychology; 
Canada

Females with either 
no diagnosis, or 
depression, and 
borderline 
personality disorder, 
and/or PTSD, 
n = 64

Mean age= 29; 
100 % female; 
Race: 
53.9 % White; 
12.6 % mixed 
race; 
62 % college 
education; 
23.8 % earned 
$35-$50 K;

Specific items not reported. 
Authors state that items 
related to childhood 
adversity (12 years and 
under) from the 
The Stress and Adversity 
Inventory for Adults 
(STRAIN) were used.

Depressive symptoms: 
Beck Depression 
Inventory-II (BDI-II)

Parallel mediation: free 
cortisol and inflammation 
(IL− 6) from plasma.

Structural equation 
modelling; Lavaan 
in R; 10,000 
bootstraps. 
No controls in 
mediation

Cross-sectional When both mediators were 
added to the model, the total 
effect was reduced by 42.3 %

Bakouni et al., 
(2023); 
Medicine; 
Canada

French speaking 
community living 
older adults 
n = 724

69.2 % of sample 
65–70 years; 
55 % male; 
44.8 % grade 
8–12 education.

7 items: 
witnessing domestic 
violence, physical abuse (3 
items), sexual abuse (2 
items), child welfare visits.

Anxiety symptoms from 
the Generalized Anxiety 
Disorder Questionnaire. 
Variables as 1) persistence 
(ie. presence of anxiety 
symptoms at both T1 and 
T2), and 2) Anxiety 

Salivary cortisol: two variables 
(at baseline, and during an 
interview). 
Parallel mediation with 
traumatic life events, daily 
hassles, and psychological 
resilience. 
Model 1) outcome as anxiety 

Hayes Process 
(20,000 bootstrap) 
Control: Sex, recent 
family violence, 
cognitive 
functioning and 
chronic physical 
disorders

Cross-sectional Null finding: neither cortisol 
variable was significant in the 
models.

(continued on next page)
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Table 1 (continued )

Author, Year, 
Discipline & 
Country 

Sample & Size Sample 
Demographics 

Number and type of ACES Mental health 
outcome 

Mediator(s) and models Mediation 
Analysis and 
Control 

Design Mediation Results*

incidence (anxiety absent 
at T1 and present at T2).

persistence; Model 2) outcome 
as anxiety incidence. Both 
models adjusted for control 
variables.

Ju et al., (2020); 
Psychiatry; 
China

Inpatient and 
outpatient psychiatric 
patients and healthy 
controls from 
community; 
n = 251

Mean age = 34; 
52 % male; 
average years of 
education 
= 10.7;

5 domains: Childhood 
Trauma Questionnaire: 
emotional, physical, and 
sexual abuse, emotional and 
physical neglect.

Depressive symptoms with 
Zung Self-Reporting 
Depression Scale (SDS)

Plasma cortisol 
Parallel mediation with 
dysfunctional attitudes. 
Adjusted for control variables. 
Model tested in participants 
with major depressive 
disorder.

Hayes Process 
Macro in SPSS; 
5000 bootstraps 
Controls: 
age, gender, BMI 
and education

Cross-sectional Mediation model explained 
27.8 % of variance in 
depression severity; when 
cortisol and dysfunctional 
attitudes in the model, the 
direct effect between ACEs and 
depression were no longer 
significant. Total effect: 
R2 = 0.234

Comptois- 
Cabana et al., 
2023; 
Psychology; 
Canada

Men recruited from 
general population 
ages 18–35, n = 160

Mean age = 24; 
100 % male; 
other 
demographics not 
reported.

5 domains: Childhood 
Trauma Questionnaire: 
emotional, physical, and 
sexual abuse, emotional and 
physical neglect.

Depressive symptoms 
using Beck Depression 
Inventory-II.

DNA methylation levels within 
two CPG cites: 
NR3C1_2_CpG_49to52 and 
SLC6A3_1_CpG_16 
Simple mediation: 
6 Models tested with and 
without control variables. 
Mediators as follows: 
Models 1–2) 
NR3C1_2_CpG_49to52; 
Models 3–4) 
SLC6A3_1_CpG_16; 
Models 5–6) The methylation 
levels of both CpG sites 
summed to derive a 
cumulative index of 
methylation.

Mediation package 
in R, confidence 
intervals estimated 
using 1000 Monte 
Carlo simulations. 
Control: 
Age, drug 
consumption

Cross-sectional In separate models, each CPG 
site did not have a significant 
mediating effect. The 
cumulative DNAm variable 
with both CPG cites had a 
significant effect in both 
models. When tested with 
controls it explained 16 % of 
the association between 
maltreatment experiences and 
depressive symptoms (B =
0.16, 95 % CI = 0.03–0.41, 
p = 0.02).

Klopack et al. 
(2022); 
Gerontology; 
USA

Participants from 
Health and 
Retirement Study 
(nationally 
representative sample 
of older adults) 
n = 2672

Median age 67; 
56.6 % female; 
Race: 
83.4 % non- 
Hispanic White; 
31.6 % had 
16 + years of 
education; 
Median wealth: 
$232 K

8 items: 
physical abuse, parental 
substance use, separation 
from parent, death of 
parent, foster care, child 
poverty, separation or 
divorce, parental education 
less than high school.

Depressive symptoms 
Centre for Epidemiological 
Studies Depression Scale 
(CES-D)

DNAm aging clocks 
Simple mediation 
3 models with mediators: 
1) GrimAge 
2)DunedinPoAm38 
3) Phenoage 
Models adjusted for control 
variables.

Structural equation 
modelling in 
Mplus. 
Bias corrected boot 
strap, 1000 draws 
Controls: race, 
gender, 
chronological age

Cross-sectional GrimAge and Dunedin 
significant, PhenoAge not 
significant. 
GrimAge explained 9–14 % of 
association between ACEs and 
adult depressive symptoms; 
DunedinPoAm38 explained 
2–7 % of association between 
ACEs and adult depressive 
symptoms

Martinez et al., 
(2024); 
Epidemiology; 
USA

Participants from 
Detroit 
Neighborhood Health 
Study, 
n = 515

Mean age= 51; 
58 % female; 
Race: 85 % Black; 
55 % some 
college or more; 
48 % under 
$25 K

3 items: emotional, 
physical, and sexual abuse. 
Items from Childhood 
Trauma Questionnaire, 
Revised Conflict Tactics 
Scales, and Nurse’s Health 
Study

Depressive symptoms: 
Patient Health 
Questionnaire− 9 
(PHQ− 9)

Aging clocks and 
inflammation: 
3 models with parallel 
mediation. 
Mediators in model 1) Latent 
variable comprised of GrimAge 
and PhenoAge (called Systemic 
Biological Aging), and latent 
variable comprised of Horvath 
and Skin&Blood clocks (called 
epigenetic age). 
Mediators in model 2) CRP and 
IL− 6 as observed variables, in 

Structural equation 
modelling in R 
Controls: 
gender, age, and 
parental education. 
Race added to 
model 2 only.

Longitudinal 
Depression 
variable from 
the time point 
after collection 
of biological 
data.

Null findings: no statistically 
significant indirect effects.

(continued on next page)
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Table 1 (continued )

Author, Year, 
Discipline & 
Country 

Sample & Size Sample 
Demographics 

Number and type of ACES Mental health 
outcome 

Mediator(s) and models Mediation 
Analysis and 
Control 

Design Mediation Results*

addition to cytomegalovirus 
and herpes simplex virus 
antibodies. 
Mediators in model 3) 
GrimAge, PhenoAge, Horvath, 
and Skin&Blood as observed 
variables. 
All models adjusted for control 
variables.

Wiegand et al., 
(2021); 
Psychiatry; 
Germany

Participants between 
ages of 18–50 years 
old; 
n = 143

Mean age= 26; 
65.7 % male; 
Race: 100 % 
White;

5 domains: Childhood 
Trauma Questionnaire: 
emotional, physical, and 
sexual abuse, emotional and 
physical neglect.

Social anxiety: Liebowitz 
Social Anxiety Scale 
(LSAS).

DNA methylation: 
Simple mediation: Mediator 
constructed from 13 CPG sites 
upstream of either ADAMTS16 
or GALR1 that were associated 
with both total CTQ and LSAS. 
Model adjusted for control 
variables.

Hayes Process 
Macro, model 4; 
5000 bootstraps in 
SPSS 
Control: 
age and sex

Cross-sectional Null finding.

O’Shields and 
Gibbs, (2021); 
Social Work; 
USA

Participants from 
Midlife in the United 
States Refresher 
Biomarker study, 
n = 691

Mean age: 
53 (m), 51 (f); 
50.1 % male; 
Race: 
81 % White; 
40.6 % had 
college degree; 
mean household 
income: $101 K 
(m), $82 K (f)

5 domains: Childhood 
Trauma Questionnaire: 
emotional, physical, and 
sexual abuse, emotional and 
physical neglect.

Depressive symptoms 
Centre for Epidemiological 
Studies Depression Scale 
(CES-D)

Allostatic Load index (0− 16) 
with 16 biomarkers 
Simple and moderated 
mediation. Simple mediation 
models: 1) tested in males; 2) 
tested in females. 
Moderated mediation models 
with age moderating path 
between ACEs and allostatic 
load: 1) tested in males; 2) 
tested in females. 
Models adjusted for control 
variables.

Baron-Kenney 
method used in 
SPSS; Sobel test 
identified 
significance 
Controls: age, 
socioeconomic 
status, racial/ 
ethnic identity. 
recent stress, prior 
medical condition, 
current 
prescription 
medication, 
education level

Cross-sectional Null finding

O’Shields et al., 
(2022); 
Social Work; 
USA

Participants from 
Midlife Development 
in the United States 
study, n = 880

Mean age= 54; 
55.7 % female; 
Race: 92.6 % 
White; 
Average 
education: some 
college; Mean 
income= $79 K

5 domains: Childhood 
Trauma Questionnaire: 
emotional, physical, and 
sexual abuse, emotional and 
physical neglect.

Depressive symptoms 
using 
World Health 
Organization’s Composite 
International Diagnostic 
Interview-Short Form 
(CIDI-SF)

Allostatic load (AL) with scores 
ranging 0–7 representing 7 
systems. 
Systems included: sympathetic 
nervous system, peripheral 
nervous system, hypothalamic 
pituitary adrenal axis, 
immune, cardiovascular, 
metabolic, and lipids. 
Simple mediation: 
Model 1) using general cut-off 
scores for allostatic load. 
Model 2) using sex specific cut- 
off scores of allostatic load. 
Both models adjusted for 
control variables.

Mediation package 
in R: Quasi- 
Bayesian Monte 
Carlo method; 
10,000 
simulations. 
Control: recent 
stress, age, 
education, non- 
White racial/ethnic 
identity, income, 
female sex, 
prescription 
medication use.

Longitudinal 
ACEs and 
allostatic load 
at Wave 2, 
depressive 
symptoms at 
Wave 3.

Significant mediation effect: 
AL explained between 9 % and 
10 % of association between 
ACEs and depressive 
symptoms (9 % for sex specific 
AL mediator; 10 % for general 
AL mediator).
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and one used the World Health Organization’s Composite International 
Diagnostic Interview Short Form (CIDI-SF) (Kessler et al., 1998). One 
additional study on depression used the Zung Self Rated Depression 
Scale (Zung, 1965). The study examining both anxiety and depression 
constructed a latent variable comprised of items from the Hamilton 
Depression Rating Scale (Hamilton, 1960), the Thai State Trait Anxiety 
Scale (Spielberger et al., 1983), and the Columbia Suicide Severity 
Rating Scale (Posner et al., 2011). Of the two studies that examined 
anxiety, one used the Generalized Anxiety Disorder Questionnaire 
(GAD) (Spitzer et al., 2006), and one used the Lebowitz Social Anxiety 
Scale (LSAS) (Stangier and Heidenreich, 2005).

3.3. Mediators

All studies in the final sample conducted or planned a mediation 
analysis where ACEs were the predictor variable, the outcome variable 
was either depression or anxiety, and the mediator was one of the 
identified SBMs related to the effects of stress reactivity and/or HPA axis 
function including inflammation, cortisol, allostatic load, or DNA 
methylation. No studies in the final sample examined telomere length as 
a mediator. The biological mediators in the final sample of studies, 
including those that contained more than one marker, included: markers 
of inflammation (n = 9), cortisol (n = 3), allostatic load (n = 2), DNA 
methylation of specific CpG sites (n = 2), and aging clocks based on 
DNA methylation (n = 2). The studies that examined inflammatory 
markers included: c-reactive protein, high sensitivity c-reactive protein, 
IL-6, white blood cells, and two studies used various immune markers to 
construct latent variables. Cortisol was captured through saliva, plasma, 
or urine. The two studies that used allostatic load used markers to 
capture several physiological systems including: the sympathetic ner
vous system, peripheral nervous system, HPA axis, immune system, 
neuroendocrine, cardiovascular and metabolic systems, including lipids. 
The studies that examined DNA methylation in specific regions focused 
on candidate genes included NR3C1, SLC6A3, ADAMTS16, and GALR1. 
The two studies that examined epigenetic aging clocks used the Hor
vathAge, which is a first-generation clock and four second generation 
clocks including the GrimAge, DunedinPoAm38, Phenoage and 
Skin&Blood.

3.4. Mediation

The design and methodological approaches to mediation analysis 
varied across studies. Of the 16 studies in the final sample, 12 used a 
cross-sectional design and four employed a longitudinal design. Medi
ation approaches included path analysis (n = 6), structural equation 
modeling (n = 4), the causal steps approach (n = 3), latent growth 
curve analysis (n = 1), partial least squares path analysis (n = 1), and 
one study included mediation in the plan of analysis but did not conduct 
the analysis due to the results of pretests. Six studies conducted simple 
mediation analysis, and one study conducted both simple mediation and 
moderated mediation. Eight studies conducted parallel mediation, and 
one study examined both parallel and serial mediation models. In the 
studies that employed parallel mediation, including those that tested 
more than one model, the combinations of mediators were as follows: 1) 
inflammation and recent stress; 2) C-reactive protein and adult socio
economic status, lifestyle factors, and use of anti-inflammatory drugs; 3) 
C-reactive protein and social support; 4) a latent variable for inflam
mation with another latent variable comprised of inflammatory markers 
and frequency of returning mental health symptoms; 5) C-reactive 
protein and IL-6, cytomegalovirus, and herpes simplex virus antibodies; 
6) salivary cortisol and traumatic life events, daily hassles, and psy
chological resilience; 7) plasma cortisol and dysfunctional attitudes; 8) 
free cortisol and inflammation (IL-6); and 9) two latent variables 
comprised of aging clocks (GrimAge with PhenoAge and Horvath with 
Skin&Blood).

A total of 62.5 % (10/16) of the studies in the final sample found a 

significant mediating effect of the biological variable on the relationship 
between ACEs and depression; none of the mediation models examining 
anxiety were statistically significant. Six of the ten studies with signifi
cant findings reported the proportion of the mediated effect as follows: 
1) DNAm of CpG sites on both NR3C1 and SLC6A3 together (16 %); 2) 
GrimAge clock (9–14 %) and DunedinPoAm38 clock (2–7 %); 3) allo
static load (9–10 %); 4) baseline C-reactive protein (5–7 %); 5) IL-6 
(2 %); and 6) C-reactive protein (1.17 %). Three of the four additional 
studies with statistically significant findings used structural equation 
modelling or path analysis. One study reported that the indirect paths 
were significant as the ACEs variable was associated with inflammation 
(a latent variable comprised of six inflammatory markers) (B=0.06, 
p < 0.01) and inflammation was associated with depression (B=0.14, 
p < 0.01). A second study reported that there were significant indirect 
effects of ACE on mental health that were mediated by inflammation 
(t = − 2.22, p = 0.03). The third study reported that the total effect of 
the model was reduced by 42.3 % when both mediators (free cortisol 
and IL-6) were examined together. The last study examining cortisol and 
dysfunctional attitudes as mediators in parallel mediation reported that 
the model accounted for 27.8 % of the variation in depression.

Among the 16 studies in the final sample that tested the hypothesized 
mediating effects of the SBMs on the relationship between ACEs and 
depression or anxiety, most studies tested more than one model. Within 
the final sample, there were a total of 43 models were tested. Fig. 2
presents patterns of statistical significance by mediator type. Studies 
examining inflammation tested 21 models, of which 11 were statistically 
significant (52 %). Studies examining cortisol tested three models, of 
which two were statistically (67 %). DNA methylation studies tested 
seven models, of which two were statistically significant (28.5 %). 
Studies with aging clocks tested six models and two were statistically 
significant (33 %). Studies examining allostatic load tested six models 
and two were statistically significant (33 %).

As presented in Table 2, nine studies (56.25 %) in the final sample 
integrated theories, models, or conceptual frameworks to inform hy
potheses related to statistical mediation of the SBMs on the relationships 
between ACEs and anxiety or depression. Three models/theories 
implemented by these studies acknowledge the role of early and cu
mulative stress in altering developmental and biological processes 
(through immune, neuroendocrine, epigenetic, and metabolic path
ways) leading to health and disease across the life course. These 
frameworks include the biological embedding of stress framework 
(Hertzman, 2012; Shonkoff, 2012), allostatic load and wear and tear 
(McEwen, 1998; Sterling, 2012), and accelerated aging (Belsky et al., 
2015; Crimmins, 2015; McEwen, 2002). One study employed the bio
psychosocial model (Engel, 1977), which generally acknowledges the 
intersecting influences of multiple systems (including psychological, 
social, and biological) in health and disease. Another study employed 
the Social Signal Transduction Theory of Depression (Slavich and Irwin, 
2014) which has been described as a multi-level framework that iden
tifies the neural, molecular, and genomic processes that link 
social-environmental adversity with depression pathogenesis, mainte
nance, and recurrence. Two other studies employed models/theories 
including the Strength and Vulnerability Integration Model (SAVI) 
(Charles, 2010b) and Social Safety Theory (SST) (Slavich, 2020). The 
SAVI is particularly focused on biological and psychological influences 
on emotion regulation in the context of aging, while the SST provides 
evolutionary and biological perspectives on threat response, adaptation, 
and health.

4. Discussion

This scoping review sought to survey existing research that con
ducted statistical mediation analysis examining the indirect effects of 
either cortisol, inflammation, allostatic load, DNA methylation, or 
telomere length on the relationship between ACEs and anxiety, 
depression, or PTSD in adult samples. A central objective of this review 
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was to assess the size of the existing evidence base and to identify pat
terns of statistical significance of indirect effects across mediators and 
outcomes. Further aims of this review were to describe the number and 
types of ACEs included in the cumulative dose frameworks used in these 
studies and to evaluate the theoretical frameworks used to support the 
mediation tests conducted in this body of research. This review was 
designed to assess the state of the science supporting the formal iden
tification of biological mechanisms underlying the relationship between 
ACEs and depression, anxiety, and PTSD. The identification of mecha
nisms in this area could provide critical progress in the process of 
improving treatment for adults with mental health symptoms and a 
history of ACEs – a population that has often presented with complex 
symptoms and challenges that are often harder to treat (Liu, 2017).

Our first research question aimed to assess the size of the existing 
evidence base of studies that met the inclusion criteria. The inclusion 
criteria required implementation of statistical mediation examining the 
indirect effects of one of the identified SBMs on the relationship between 
ACEs and either anxiety, depression, or PTSD in adult participant sam
ples. ACEs were meant to be sum scored in alignment with the cumu
lative dose framework which acknowledges dosing effects (McLaughlin, 
2020). Sixteen studies were identified from an initial pool of 2591 re
cords, suggesting that the evidence base in this area is presently un
derdeveloped. However, given that all but one of these studies were 
published between 2020 and 2024, it is likely that this area of inquiry is 
in a nascent period of development and may be gaining momentum. 

Furthermore, this small body of research may signal increasing interest 
and recognition across disciplines regarding the importance of under
standing the biological processes linking adverse childhood experiences 
(ACEs) to mental health outcomes. The authors of these studies come 
from diverse fields including social work, medicine, psychology, psy
chiatry, psychology, epidemiology, and gerontology, suggesting that 
this emerging area of inquiry is attracting attention and being examined 
from a wide range of scholarly perspectives. While the integration of 
biology into social science research and vice versa poses methodological 
and practical challenges (Renwick, 2016), the call to bridge these dis
ciplines in examinations of human behavior, health, and development 
from both social and biological scientists is decades old (Bateson et al., 
2017; Crimmins and Seeman, 2001; Fletcher and Boardman, 2013; 
Maynard et al., 2018). This movement towards integrative, multilevel, 
interdisciplinary approaches signals an epistemological shift that is 
related to the emergence of biosocial research as a specific domain that 
acknowledges the biological and social as mutually constituting forces 
that must be evaluated together in order to understand complex health 
and developmental outcomes (Harris and McDade, 2018). The diverse 
academic backgrounds of the authors in this emerging literature high
lights growing transdisciplinary efforts to examine complex interactions 
between social and biological phenomenon. Biosocial frameworks may 
provide key insights in future advances in our understanding of the 
biological mechanisms linking ACEs to anxiety, depression, and PTSD.

Our second research question sought to identify patterns of statistical 
significance across mediator types and mental health outcomes. Most 
studies focused on depression (81.25 %), while two studies (12.5 %) 
examined anxiety, and none examined PTSD. Accounting for the fact 
that neither study on anxiety found statistically significant mediating 
effects, findings suggest that the indirect effects of SBMs on the rela
tionship between ACEs and mental health are more established for 
depression, with notable gaps for anxiety and PTSD. Inflammation was 
the most frequently examined mediator (56.25 %), followed by DNA 
methylation (25 %), cortisol (18.75 %), and allostatic load (12.5 %). 
Telomere length was not studied. Emerging evidence has suggested that 
changes in telomere length can result in both positive and negative 
consequences (Bevelacqua et al., 2021), therefore the lack of focus on 
telomere length as a hypothesized mediator may suggest reduced con
fidence or interest in this marker as a reliable predictor of health and 
disease. Each of the other four mediators (inflammation, cortisol, DNA 
methylation, allostatic load) showed statistically significant effects on 
the ACEs-depression link in at least one model. However, results were 

Note. One study tested both inflammation and cortisol and was counted in both categories.
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Fig. 2. Number of Mediator Models by Mediator: Significant versus Null Findings.

Table 2 
Theories, Models, or Conceptual Frameworks used in Nine of Sixteen Studies.

Theory, Model, or Conceptual 
Framework

Mediators Number of 
Studies (of 16)

Biopsychosocial Cortisol 1
Biological embedding Aging clocks, DNA 

methylation, inflammation
3

Aging Aging clocks, 
inflammation

2

Allostatic load and wear and tear Allostatic load 3
Social Signal Transduction 

Theory of Depression
Inflammation 1

Social Safety Theory Inflammation 1
Strength and Vulnerability 

Integration Conceptual Model
Cortisol 1

Note. 9/16 studies used a theory, model, or conceptual framework. Of those, 
three used more than one.
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mixed, with cortisol showing the highest proportion of significant 
findings (67 % of the 3 models tested), while inflammation was most 
frequently studied but yielded a lower proportion of significant results 
(52 % of the 21 models tested). The mixed findings across all mediators 
may reflect the small sample of studies, methodological differences (e.g., 
specific markers such as CRP versus IL-6, or salivary cortisol versus free 
cortisol), and differences in population samples. Notably, among the 
studies that reported the proportion of the total effect attributable to the 
mediation effect, DNA methylation (CpG sites on both NR3C1 and 
SLC6A3 together: 16 %; GrimAge clock: 9–14 %) showed the largest 
effects on the ACEs-depression link. These findings underscore the po
tential of inflammation, cortisol, and DNA methylation as mediators, but 
further research is needed to clarify patterns and explore moderating 
factors.

While concrete conclusions regarding patterns of statistical signifi
cance of the identified mediators cannot be drawn due to the small 
sample of studies in this review, the mixed findings may indicate the 
presence of moderating variables. Examinations that include moderators 
can detect the conditions (ie. for whom and when) under which vari
ables are associated (Wu and Zumbo, 2008). It is possible that the mixed 
outcomes across studies and models indicate that further examinations 
are required to understand the limits on the mediating effect of SBMs on 
associations between ACEs and depression. Notably, the demographics 
in the final sample of studies were predominantly White, higher income, 
and there was no documentation regarding gender identity (apart from 
binary male/female categories) or sexual orientation, which prevented 
examination of the effects of many recognized elements that comprise 
the social determinants of health. The higher incidences of ACEs in 
minoritized communities (Mersky et al., 2021), life course perspectives 
that emphasize the cumulative impacts of lifetime stressors (Jones et al., 
2019), and previous work linking racial and other forms of discrimina
tion to inflammation, cortisol, DNA methylation, and allostatic load 
might suggest that experiences of stressors such as discrimination and 
poverty are important to consider (Chen et al., 2022; Diamond et al., 
2021; Goosby et al., 2018; Mendoza et al., 2017; Santos et al., 2018). Life 
course perspectives would suggest that the accumulation of stressors 
including ACEs and repeated experiences of discrimination related to 
minority identity or the experience of poverty over time could interact 
and influence the possibility of dysregulated stress systems during the 
adult years. In the current sample of studies, the effects of minority 
identity, discrimination, or poverty on the relationship between ACEs 
and SBMs were not examined.

An additional perspective that may provide insight on the mixed 
findings could be related to current conceptualizations of mechanisms 
linking ACEs to anxiety, depression, or PTSD that assume linearity and 
independence between and within the biological systems involved with 
stress. Goosby and Cheadle (2024) outline how the immune system is a 
complex, cross-scale system that interacts within itself and the other 
bodily systems it protects. They suggest that analyzing immune com
ponents (such as single or clusters of cytokines) independently overlooks 
these dynamic interactions and assumes linear relationships within and 
between biological and social systems. This perspective provides a new 
lens with which to evaluate the studies identified by this review. Most of 
the mediation analyses in this sample of studies examined a single bio
logical mediator, which assumes independent and linear contributions 
to anxiety or depression after earlier ACE exposures. If the stress pro
cesses (that include glucocorticoids, inflammation, allostatic load, and 
DNA methylation) are also assumed to be complex, dynamic, and con
nected via cross-system feedback loops, it stands that examinations of 
one hypothesized mediator at a time might lead to inaccurate results. 
Investigations that do not account for the dynamic and complex inter
play between systems may only capture a simplified or partial version of 
the complex reality and thus complicate replication in future research. 
This perspective may provide an additional explanation for the mixed 
findings in the significance of indirect effects in this sample of studies. 
Future work seeking to identify mechanisms or salient leverage points in 

the processes linking ACEs to later mental health outcomes would 
benefit from research designs that account for non-linear and complex 
relationships between and within biological systems.

To clarify patterns of statistical significance and test moderators of 
interest, future work might include parallel mediation tests or other 
complex models with all identified SBMs on large and diverse samples. 
Inflammation, cortisol, allostatic load, and DNA methylation could be 
compared for relative effect sizes and proportion of influence on total 
effects within the same sample. The inclusion of variables such as 
discrimination and poverty, and sub-group analysis based on de
mographic details such as age, race, sexual orientation and gender 
identity could also reveal differential effects related to important social 
determinants of health. This knowledge could greatly contribute to 
elucidating whether there are specific SBMs that best represent the 
biological processes linking ACEs to later mental health issues or 
whether their contributions are additive due to the interacting biological 
systems that they operate within.

Our third research question aimed to identify the type of ACEs 
included in the mediation analyses. Results indicated that the number 
and types of ACEs employed by the studies in this review were limited, 
which has significant implications. The majority of the studies (62.5 %) 
examined five or fewer types of ACEs and most often included physical, 
emotional, and sexual abuse, and emotional and physical neglect, while 
excluding household dysfunction and community sources of adversity. 
The cumulative dose model of adversity espoused by Felitti and col
leagues (1998) acknowledges that different forms of childhood adversity 
often co-occur and research that fails to measure several types may be 
limited by unmeasured and confounding adversities (McLaughlin, 
2020). The lack of comprehensive engagement with household 
dysfunction and expanded scale items has implications regarding 
limited representation of adversities across populations. The expanded 
scale items are meant to capture adversities that occur in community 
environments such as neighborhood violence, bullying, or peer rejection 
(Finkelhor et al., 2013). These items are thought to be more common 
among low-income, urban, and racialized communities (Liu et al., 2018; 
Wade et al., 2014), therefore these types of adversities are important in 
order to capture experiences that are representative of diverse pop
ulations. The mediation models in these studies may have been hindered 
by unmeasured and confounding forms of adversities. This limitation 
may have also hidden the full dosage effect of ACEs on the hypothesized 
biological mediators, thus affecting the outcome of entire mediation 
models. Future studies should include a comprehensive list of ACE items 
to capture the full impact of early life stress, while avoiding any con
founding effects, and accurately representing adversities that are com
mon across various populations.

Our fourth research question of this research agenda was to identify 
current theories or models being used to explain the hypothesized 
mediating influence of SBMs on the relationship between ACEs and 
depression, anxiety, or PTSD. Slightly over half (56.25 %) of the studies 
engaged with theoretical frameworks. Given the diversity of fields rep
resented in the final sample of studies, this finding may reflect the often 
observed fundamental differences between disciplines regarding meth
odology and approaches to research (Renwick, 2016). For example, it 
has been noted that epidemiology is a quantitative discipline that relies 
on methodological principles and rarely emphasizes theoretical frame
works (Kelly-Irving and Delpierre, 2019). Similar observations 
regarding lack of theory have been made in connection to health 
behavior and medical education research (Bolander Laksov et al., 2017; 
Painter et al., 2008). By contrast, theoretical frameworks are often 
heavily emphasized in social work, sociology, and in many areas of 
biology (Parton, 2000; Shou et al., 2015; Swingewood, 1999).

The theories or models used in this sample of studies included the 
biological embedding of stress framework (Hertzman, 2012; Shonkoff, 
2012), allostatic load and wear and tear (McEwen, 1998; Sterling, 
2012), accelerated aging (Belsky et al., 2015; Crimmins, 2015; McEwen, 
2002), the biopsychosocial model (Engel, 1977), the Social Signal 
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Transduction Theory of Depression (Slavich and Irwin, 2014), the 
Strength and Vulnerability Integration Model (SAVI) (Charles, 2010b), 
and Social Safety Theory (SST) (Slavich, 2020). All of these frameworks 
acknowledge the complex interplay between social and biological sys
tems, which is consistent with the fundamental definition of a biosocial 
framework as put forth by Harris and McDade (2019). While it is 
commonly understood that biosocial approaches draw on models and 
methods from multiple disciplines, the theories and models in the final 
sample of studies share links with life course theory, developmental, 
and/or evolutionary perspectives (Ashe et al., 2021; Berens et al., 2017; 
Bobba-Alves et al., 2022; Charles, 2010a; Hertzman, 2012; Hunt et al., 
2022; McEwen, 2002; Nist, 2016; Seeman et al., 2001; Simons et al., 
2021; Slavich, 2020; Slavich and Irwin, 2014; Zahodne et al., 2019). The 
use of theories that share these commonalities may indicate that the 
biosocial researchers in this sample are coalescing around a shared set of 
assumptions and guiding principles in examinations of ACEs, biological 
systems, and mental health. Biosocial researchers in this area may 
further benefit from engaging with emerging theoretical work that has 
built on theories of allostasis, biological embedding, and aging models, 
which also align with life course, developmental, and evolutionary 
perspectives. For example, active inference theories of interoception 
recognize the brain as a predictive organ, one that continually antici
pates environmental demands based on previous experiences (Barrett 
et al., 2016). Active inference perspectives emphasize the brain’s role in 
making predictions within the complex, non-linear systems of both the 
body and social environment; these predictions govern physiological 
stress processes including metabolism and energy regulation, and ulti
mately function to ensure survival (Barrett et al., 2016; Goosby and 
Cheadle, 2024). The current evidence base would benefit from an 
increased volume of theory driven analysis and future researchers in this 
area should continue to engage with, test, modify, and build theoretical 
frameworks explaining the relationships and potential causal phenom
enon linking ACEs, SBMs (inflammation, cortisol, DNA methylation, 
allostatic load), and anxiety, depression, and PTSD.

4.1. Limitations

This review consolidates the existing science examining five SBMs as 
hypothesized mediators of the relationship between ACEs and anxiety, 
depression and/or PTSD. However, there are some limitations in the 
scope of this endeavor. This study was limited by the scarcity of studies 
available for review that met the inclusion criteria. The inclusion criteria 
required that all studies use at least three ACEs that were scored 
continuously, and eight studies were excluded accordingly. This deci
sion was made to acknowledge the role of dosing effects, in alignment 
with Felitti’s (1998) cumulative dose model of ACEs. However, these 
eight studies may have influenced the overall outcomes of this review. 
The design of this scoping review did not include risk of bias assessment, 
therefore the studies in the final sample may have contained biases that 
would influence the interpretation of results. This review also excluded 
publications not written in English therefore these results may have 
missed important research on the topic that has been published in 
journals where English is not used in scientific discourse.

4.2. Future directions and conclusion

This scoping review contributes important knowledge regarding the 
state of evidence on statistical mediation and theory in the extant work 
examining either cortisol, inflammation, DNA methylation, allostatic 
load, or telomere length as variables linking ACEs and mental health 
outcomes. This work helps to advance an understanding of the current 
evidence base supporting the possibility that any of these SBMs might be 
recognized as mechanisms that could, in the future, be targeted for in
terventions in adults with symptoms of anxiety, depression, or PTSD and 
a history of ACEs. The findings of this review reveal that this area of 
study requires a great deal more data to facilitate identification of 

patterns across mediators and outcomes. While no studies examined 
telomere length as a mediator, PTSD as an outcome, and anxiety was 
scarcely studied, studies on other mediators yielded mixed results when 
depression was the outcome. In order to evaluate potential moderators, 
future research should include more diverse participant samples, 
including those with racial, sexual, and gender minority identity and 
those with varying levels of socio-economic status. Future studies should 
consider methodological approaches that recognize the complex and 
interacting nature of the multiple bodily systems involved in stress 
processes in order to clarify whether these markers influence mental 
health symptoms independently or have additive effects in the years 
subsequent to ACEs. Investigators should report not just direct and in
direct effects from mediation models, but also the proportion of variance 
in the outcome that is attributed the mediator in order to facilitate 
comparisons of effects across studies. Furthermore, future studies should 
continue to work towards building theory to support causal explanations 
and hypotheses involved in the mediation models. Future work in this 
area is crucial to identify mechanisms linking ACEs to anxiety, depres
sion, and PTSD. This knowledge could provide new directions for 
assessment, treatment, and prevention of the serious course of mental 
health symptomatology that can follow in the aftermath of ACEs 
(Lippard and Nemeroff, 2022).
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