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Studies on the impacts of child maltreatment (CM) have been conducted in diverse areas.
Mechanistic understanding of the complex interplay between factors is lacking. Hallmarking
is an approach which identifies common factors across studies and highlights the most
robust findings.

Objectives
In a review of systematic reviews and meta-analyses, we addressed the following questions:
1) What are the hallmarks associated with exposure to CM across the bio-ecological spectrum? 2) What is the strength of evidence to support each hallmark? 3) What are the gaps
that future research should address?
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A comprehensive literature search was carried out to find relevant systematic reviews or
meta-analyses. 269 articles were read in full and 178 articles, encompassing more than
6000 original papers, were included in the final synthesis. All reviews were independently
rated for quality by at least 2 reviewers using AMSTAR-2.
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Results
Of 178 review articles, 6 were rated as high quality (all meta-analyses) and 46 were rated as
medium quality. Most were from high income countries.

Conclusions
Based on the most commonly reported high-quality research findings we propose that the
hallmarks of exposure to child maltreatment are: Increased risk of psychopathology;
Increased risk of obesity; Increased risk of high- risk sexual behaviours, Increased risk of
smoking; and Increased risk of child maltreatment in children with disabilities. Research
gaps include a lack of focus on complexity and resilience. Little can be concluded about
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directions of causality or mechanisms. Adequately powered prospective studies are
required to move the field forward.

Introduction
Child maltreatment (CM) is common worldwide [1,2]. A large volume of research has
explored the correlates of CM across the bio-ecological spectrum [3], from epigenetic changes
[4], dysregulation of the immune system [5] and the hypothalamo-pituitary-adrenal (HPA)
axis [6], through to the social factors conferring resilience against the impacts of CM [7]. Studies have consistently shown CM to be associated with a range of adverse physical, psychological and social outcomes [2], yet virtually nothing is known about the interplay between these
disparate factors across the life-course, nor about how they interact with CM to result in these
negative outcomes. This vast research base has therefore had limited impact on the ability of
society to prevent exposure to CM or, when exposure has already occurred, to break the chain
linking CM exposure to adverse outcomes [8].
A fuller understanding of the interplay between these wide-ranging factors will be necessary
if we are to find ways to prevent CM and enhance resilience in those already exposed. Resilience is thought to result from complex and dynamic processes of adaptation to stressors that
involve the activation of a variety of protective factors [7] operating at every level of the bioecological spectrum [4,9–11]: from genetics [4], through the HPA axis [9] and immune system
[10], the brain [12], and into the family [13] and wider community [14], with the potential for
reciprocal influences at all levels [7,15].
Much extant work in this field is based on retrospective reports of CM exposure from adults
exposed in childhood. There is a relative paucity of high-quality longitudinal prospective studies beginning in childhood [5]. This is particularly concerning since there is poor agreement
between retrospective and prospective reports of CM [16]. By their very nature studies of the
effects of CM cannot be randomised, so are vulnerable to bias. Variations in the classification
of both CM and outcomes across studies, differences in reporting, and different approaches to
adjustment for confounding variables, all contribute to conflicting and sometimes confusing
conclusions in the field. Furthermore, in interpreting research in this area it is important to
distinguish the impacts of CM from the related but much wider concept of Adverse Childhood
Experiences (ACEs), which, whilst including CM, also includes distinct exposures such as
household dysfunction [8].
Due to the increasing diversity of outcomes under examination, and the wide range of quality in the published literature, it has become important to find a better way to conceptualise
and integrate this broad evidence base. Doing so would enable researchers to better understand what evidence can be relied upon, what is known about the likely causes and outcomes
of CM, how these might interact, and what this can tell us about likely mechanisms. This is
where the concept of “hallmarking” might be useful. The hallmarking technique was first
applied to cancer studies at a time when this literature was also experiencing a significant
growth in volume and complexity [17]. The purpose was to find common factors by seeking
commonalities across different studies and across most (if not all) types of cancer.
Applying this concept to the study of CM (which we define as child abuse—physical, emotional, and sexual; and neglect), we want to identify hallmarks across the entire biopsychosocial
environment of the child and to consider the volume and quality of evidence for each of these
hallmarks. Recent theoretical models have focussed on the human stress response system as
the “control centre” for human adaptation to severe stresses such as abuse and neglect and
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suggest that only a truly integrated approach involving all bio-ecological levels has the potential
to identify mechanisms [15]. Some previous hallmarking processes have examined commonalities across both humans and other species [17] but we did not think that was appropriate
here: whilst there are animal models of early life stress, we chose to look more specifically at
CM as opposed to early life stress more broadly. Animal models cannot distinguish these.
Many thousands of papers have been written about factors associated with CM and many
literature reviews have been conducted exploring these. In order to bring together such a large
body of literature, we have conducted a ‘review of reviews’ [18] as the first stage of our hallmarking process, followed by a synthesis of the findings of these with reference to the bio-ecological model. We aimed to answer the following questions:
1. What does the literature identify as hallmarks of exposure to CM across the bio-ecological
spectrum?
2. What is the strength of evidence to support each hallmark so identified?
3. What are the research gaps in this field, in terms of areas where further research, or betterquality research, is needed?

Methods
The systematic review was performed in accordance with PRISMA guidelines [19]. Our
PRIMSA checklist is available in S1 File. Studies were identified by searching the following
electronic databases from 2009 to present: Ovid Medline ALL (R) (1946 to Present), OVID
Embase Classic & Embase (1947 to Present), OVID PsycInfo (1806 to Present) and the
Cochrane Database of Systematic Reviews. All searches were run on 29th May 2019.
The search strategy was developed by a Subject Specialist Librarian in consultation with the
review group. The final draft Medline search strategy was peer reviewed by another librarian
not involved in the review. The search strategy utilised a combination of subject headings and
keywords; the strategy was adapted to each database as required to take account of differences
in subject headings and search tools. Due to time constraints a systematic review search filter
was applied to the search strategy to maximise specificity. The search filters were developed by
the Health Information Research Unit at McMaster University, Canada [20–22]. In addition,
the results were limited to English Language and, because we wanted to focus on the recent literature, more likely to evidence current theoretical models, a publication date limit was set of
within the last ten years (2009 to May 2019). The master search strategy for OVID Medline
ALL (R) can be found in S2 File.
The search strategy consisted of eight individual concepts drawn from the review question;
these were searched individually and then combined to find relevant studies. The first search
concept was ‘child abuse & neglect’ and the search terms included child abuse, childhood sexual abuse, child neglect and adverse childhood experiences. The second search concept was
‘social factors’, the search terms included socioeconomic factors, poverty, gender, sexuality,
educational status and social support. The third search concept was ‘genetic phenomena’ and
the search terms included genetics, epigenetics and biomarkers. The fourth concept was ‘mental health’, search terms included mental disorders, suicide, depression and PTSD. The fifth
concept was ‘physical health’ and the search terms included obesity, smoking, heart disease
and diabetes. The sixth search concept was ‘stress responsivity’; the search terms included
autonomic nervous system, stress response and heart rate. The seventh search concept was
‘neuro-anatomical factors’, the search terms include neuroimaging and MRI. The final search
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concept was ‘inflammatory/endocrine markers’, the search terms included endocrine and
immune biomarkers.
The PRISMA flow diagram [19] is shown in Fig 1. The total number of articles returned
from the original search was 2255 and following removal of duplicates 1433 articles remained.
1433 records underwent title and abstract review for inclusion using inclusion/exclusion

Fig 1. PRISMA flow diagram.
https://doi.org/10.1371/journal.pone.0243639.g001
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Fig 2. Inclusion and exclusion criteria.
https://doi.org/10.1371/journal.pone.0243639.g002

criteria agreed prior to the search process, by at least 2 raters (see Fig 2 for inclusion/exclusion
criteria). Where conflict existed, this was resolved in a conference of the authors. Following
this process, 269 articles were read in full by at least two reviewers. A further 91 records did
not meet inclusion criteria when read in full and were excluded (reasons in Fig 1). All exclusions where checked and agreed by at least two authors. This left 178 articles which were data
extracted and rated for quality using the AMSTAR-2 checklist [23]. AMSTAR-2 is a structured
tool for critical appraisal of systematic reviews and meta-analyses of randomised or non-randomised studies. It consists of 16 items including design of the review, search strategy, study
selection, risk of bias assessment and synthesis of findings (see S3 File for all items). For quality
scoring purposes AMSTAR-2 deems 7 items to be critical: protocol registration before commencement of the review; adequacy of the literature search; justification for excluding individual studies; risk of bias from individual studies being included in the review; appropriateness
of meta-analytic methods; consideration of risk of bias when interpreting the results of the
review; and assessment of presence and likely impact of publication bias. AMSTAR-2 assigns
quality scores to studies ranging from high to critically low. High-quality studies require no or
one non-critical weakness. All articles were independently rated by at least two authors and
discrepancies resolved at conference. Data on study setting, type of abuse, number of studies,
and results were extracted.
We considered quantitative analysis using a network approach, but this was not possible
due to the wide range of variables examined in the reviews. Instead results are presented in
narrative format.

Results
Characteristics of studies
178 studies were included. 43% of these studies were meta-analyses (n = 77) and 57% were systematic reviews (n = 102).
The review included studies from North America, Europe, South America, Asia, Africa and
Australasia. Not all studies identified the sources of the studies (n = 14), and many reviews and
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meta-analyses included studies from more than one country. Some studies used phases such as
‘non-US high income countries’ or ‘industrialised countries’, others grouped countries by continent, albeit not consistently. However more than 80% were from WEIRD (Western, educated, industrialised, rich and democratic) countries.
We conceptualised and organised our findings using an adapted version of the ecological
model developed by Bronfenbrenner [3]. This conceptualises developmental processes as an
interaction between the child and its environment on several levels (Fig 3). These are the
micro-, meso-, exo-, and macrosystem. The microsystem encompasses the child, including
their biology and the family relationships. The mesosystem describes the environment, relationships just out of the nuclear home, i.e. friendships, school, and extended family. Following
that, the exosystem includes the interaction between the child and the wider neighbourhood
and community. Lastly the Macrosystem, embeds the child society, recognising policy, religion, and wider structures. In this study, the search terms have been mapped to Bronfenbrenner’s ecological model. However, more levels were added within the microsystem to reflect the
different areas of research. Therefore our results have been grouped as: ‘Biochemical Factors’,
‘Genes and Epigenetic Factors’, ‘Mind and Body’, and ‘Social factors’. ‘Biochemical factors’
included studies of markers of inflammation, the immune system, cortisol and other biomarkers. ‘Genes and Epigenetic factors’ looked at genetic and epigenetic markers. Due the number
of papers in the categories ‘Body and Mind’ and ‘Social Factors’, these were further divided into
subthemes. Body and Mind: Mental Health and Substance Use/Misuse; Physical Health; Brain
structure, neurodevelopment, cognition and personality; Social Factors: Relationships, parenting, sexual behaviour and Offending and antisocial behaviour. The distribution of papers by
category is shown in Table 1.

Fig 3. Bio-ecological model (Adapted from Bronfenbrenner 2005 [3]).
https://doi.org/10.1371/journal.pone.0243639.g003
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Table 1. Types and numbers of papers sorted by thematic category and subthemes.
Category

Subtheme

Bio-Ecological Levels

Number Of Papers

• Biochemical Factors

Microsystem

7

• Genes and Epigenetic Factors

Microsystem

11

• Mind and Body
Individual Mental Health, Substance Use and Misuse

Microsystem

74

Brain Structure, Neurodevelopment, Cognition and Personality

Microsystem

18

Physical Health

Microsystem

17
18

• Social Factors
Environmental Risk Factors

Exo- & Macrosystem

Offending and Antisocial Behaviour

Meso-, Exo- & Macrosystem

10

Relationships, Parenting, Sexual Behaviour

Mesosystem

16

Education/Adults Economic Status

Meso-, Exo- & Macrosystem

2

Resilience Factors

All Systems

6

https://doi.org/10.1371/journal.pone.0243639.t001

142 studies (79%) investigated a combination of types of abuse and neglect, whereas 33
(18%) concentrated on sexual abuse, 2 (1%) on physical abuse and 3 (2%) on emotional abuse.
The modal number of included studies per review was 12 (range 2–393).

Quality of the studies
Overall, over two thirds (70%, n = 126) of papers were rated as low or critically low quality.
Just over a quarter (27%, n = 46) were rated as moderate quality and only 3% (n = 6) were
rated as high-quality. Most lower ratings could be explained by the lack of a risk of bias assessment or a failure to incorporate such an assessment into the synthesis. Further, many papers
lacked a rigorous search strategy and data extraction procedure.
No systematic reviews achieved high-quality rating; however, 6 meta-analyses did. Fig 4
shows the quality rating of articles by review type and thematic category.

Findings of high-quality studies
Six papers received a high-quality AMSTAR-2 rating [24–29]. All were meta-analyses. Five of
these papers fell into the thematic category of Mind and Body and one into the category of
Social Factors. Of the five papers in the Mind and Body category, four had the subtheme of
‘mental health and substance use’. All these papers investigated more than one type of abuse.
Details of these papers are summarised in Table 2.
Bailey et al. [24] studied the association between childhood trauma and severity of hallucinations and delusions in psychotic disorders. Their review included 41 studies, of which
29 were included in the meta-analysis with 4680 participants in total. This review defined
childhood trauma to include sexual abuse, physical abuse, emotional abuse, physical
neglect, emotional neglect, and bullying. The countries of origin of the included studies
were not stated, however only studies published in English were included. They found that
childhood sexual abuse and neglect was significantly correlated with severity of hallucinations (r = .172, p<0.001). Sexual abuse and physical or emotional neglect was also associated
with delusion severity (r = .199, p<0.001). Further, sexual abuse increased severity of positive symptoms, and negative symptoms of schizophrenia were associated with childhood
neglect.
Castellvi et al. [25] investigated the association between exposure to violence and risk
for suicide. The meta-analysis included 26 papers with a total sample of 143,730. Violence
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Fig 4. Overview of AMSTAR-2 ratings by type of review and theme.
https://doi.org/10.1371/journal.pone.0243639.g004

was defined as child maltreatment, bullying, dating violence and community violence. The
included studies originated in the Netherland, New Zealand, United States, Norway, Canada, United Kingdom, Denmark, Finland. They found participants with experience of
physical abuse to have an increased risk of suicidal behaviour (OR = 2.25; 95% CI: 1.85–
2.73). The evidence was weaker for the association between sexual abuse and suicide
behaviour. There were not enough studies that investigated the link between emotional
abuse and suicide behaviour. The association between neglect and suicide behaviour was
not significant.
Fusar-Poli et al [26] performed a systematic review and meta-analysis of environmental factors associated with ultra-high risk for psychosis, including childhood abuse and neglect.
Forty-four studies were included in their review. This review only included papers written in
English. They found strong evidence that emotional abuse (OR = 5.843, 95% CI 1.794–19.027)
and physical neglect (OR = 3.066, 95% CI 1.043–9.013) experienced during childhood are associated with ultra-high-risk state for psychosis.
Jones et al. [27] reviewed the risk of violence against children living with disabilities. Of the
17 papers that are included in the meta-analysis, 11 included risk estimates and 16 included
prevalence rates of violence exposure. The sample sizes were 13,505 children and 14,721 children, respectively. Violence was defined as physical violence, sexual violence, emotional abuse,
neglect and any combination of those. They found that children with disabilities were at
increased risk of abuse and neglect in comparison to non-disabled children (OR = 3�68, 95%
CI 2�56–5�29). The pooled prevalence of violence against children with disabilities was 26.7%
(95% CI 13.8–42.1); this analysis did not include a control group to allow comparison of the
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Table 2.
Author

Year Category

AMSTAR
score

Type of abuse
investigated

Bailey T

2018 Body &
Mind

High

Castellvi,
P.

2017 Body &
Mind

FusarPoli, P

Number of
included
studies

Number of participants
in meta-analysis

Countries of studies

Summary of result

Sexual abuse, physical 41(29 in
abuse, emotional
metaabuse, physical neglect, analysis)
emotional neglect

4680

Not stated

• Sexual abuse and neglect
affect severity of
hallucination
• Sexual abuse, physical
neglect, and emotional
neglect are associated with
delusion severity
• Sexual abuse affected
severity of positive symptoms
• Emotional neglect and
physical neglect are
associated with severity of
negative symptoms

High

Child maltreatment

26

143,730

Netherland, New
Zealand, United States,
Norway, Canada,
United Kingdom,
Denmark, Finland

• Physical abuse increases
risk of suicidal behaviour

2017 Body &
Mind

High

Childhood abuse,
childhood neglect

44

Sample size varies by
outcome (range 89 to
24,133)

Australia, Canada,
Finland, Italy, Poland,
South Korea,
Switzerland, UK, USA,
Turkey

• Ultra-high risk state for
psychosis is associated with
physical neglect, and
emotional abuse

Jones, L

2012 Body &
Mind

High

physical violence,
sexual violence,
emotional abuse,
neglect and any
combination of those

17

18,374

United States, United
kingdom, Sweden,
Finland, Spain, Israel

• Children with disabilities
are at higher risk of physical,
emotional and sexual abuse,
and neglect.

Norman,
R.E

2012 Body &
Mind

High

Physical abuse,
Emotional abuse,
neglect

124

Sample sizes for
individual meta-analyses
not reported. Number of
studies in meta-analyses
range from 2–59

Australia, New
• Physical abuse, and
Zealand, Western
emotional abuse increases
Europe, North America risk for depressive disorder,
anxiety disorders and eating
disorders
• Physical abuse, and neglect
doubled odds of childhood
behaviour and conduct
disorder
• Physical abuse, and neglect
increased risk of alcohol
misuse and dependence
• Physical abuse, emotional
abuse, and neglect increased
risk of suicidal behaviour
• Physical abuse, emotional
abuse, and neglect were
associated with increased risk
of STI (including HIV) and
increased risky sexual
behaviour
• Physical abuse, emotional
abuse, and neglect increased
the risk of smoking and being
obese

Winokur
M.

2014 Social
Factors

High

Abuse, Neglect

102

666,615

United States, Spain,
Norway, Ireland, Israel,
Sweden, the
Netherlands, Australia

• Kinship care mediates the
relationships between
childhood abuse and mental
health

https://doi.org/10.1371/journal.pone.0243639.t002
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prevalence of violence exposure in disabled versus non-disabled children. There were high levels of heterogeneity due to type of reporting, study setting and type of disability.
Norman et al. [28] investigated a range of associations with health outcomes and physical
abuse, emotional abuse and neglect. These consequences were not limited to mental health,
and included HIV risk and obesity. However, most included papers were about mental health
and substance use. The studies included in this review originated in Australia, New Zealand,
Western Europe and North America. They found that adults who were physically abused
(OR = 1.54, 95% CI 1.16–2.04), emotionally abused (OR = 3.06, 95%2.43–3.85) or neglected
(OR = 2.11, 95% CI 1.61–2.77) were at higher risk of developing depressive disorders, anxiety
disorders and eating disorders. The association between depression and physical abuse was
only significant in high-income countries and not in low- and middle-income countries. However, the association between neglect and depression was the same across countries. Physical
abuse and neglect were also associated with double the odds of developing behavioural and
conduct disorders during childhood. Suicidal behaviour increased with exposure to physical
and emotional abuse, as well as neglect. They also found a higher risk of alcohol misuse and
dependence and to a lesser extent drug use. They found an increase in risky sexual behaviours
and sexually transmitted infections (physical abuse OR = 1.78, 95% CI 1.50–2.10; emotional
abuse OR = 1.75, 95% CI- 1.49–2.04; neglect OR = 1.57, 95% CI 1.39–1.78).There was an
increased risk of current smoking associated with a history of emotional (OR = 1.70, 95% CI
1.55–1.87) and physical (OR = 1.55, 95% CI = 1.09–2.21) abuse; and an increased risk of obesity associated with physical (OR = 1.32, 95% CI 1.06–1.64) and emotional (1.24, 95% CI 1.13–
1.36) abuse. The evidence for other associations with physical health problems, such as cardiovascular disease and cancer, was weak.
Winokur et al. [29] was the only high-quality paper not in the ‘Body & Mind’ category. The
authors reviewed papers that compared outcomes for children removed from home due to
abuse or neglect who were subsequently placed in kinship care (i.e. with extended family) versus non-kin foster care. 102 papers were included, with a total number of 666,615 children.
Most of the included studies were conducted in the USA, with the rest conducted in Spain,
Norway, Ireland, Israel, Sweden, the Netherlands and Australia. They reported that children
placed in kinship care after suffering abuse or neglect had fewer behavioural problems (standardised mean difference = -0.33, 95% CI -0.49 to -0.17), fewer mental health disorders
(OR = 0.51, 95% CI 0.42–0.62) and better wellbeing (OR = 0.50, 95% CI 0.38–0.64), than children placed in non-kin foster care.
The findings of these high-quality papers are mapped onto the bio-ecological model in
Fig 5.

Findings of medium-quality studies
There were 46 medium-quality papers. Within the ‘Mind and Body’ category 20 had the subtheme ‘Mental Health and Substance Use and Misuse’, eight had the subtheme ‘Physical
Health, and one had the subtheme ‘Brain Structure, Neurodevelopment, Cognition and Personality’. In the category ‘Social Factors’, six papers explored the subtheme ‘Relationships, Parenting, Sexual Behaviour’ and four studied the theme ‘Offending and Antisocial Behaviour’.
‘Environmental Risk Factors’ were investigated by two studies. The subthemes ‘Resilience Factors’ and ‘Education/Adult Economic Status’ had one study each. Thirty-two papers investigated more than one type of abuse or neglect, 12 concentrated on sexual abuse, one on
physical abuse and one on emotional abuse. The quality rating of these studies was mainly
influenced by the lack of a rigorous risk of bias assessment, or a failure to include the assessment outcome in the analysis of results.
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Fig 5. Model of interactions of factors. Key- 1) Bailey et al 2) Castellvi et al 3) Fusar-Poli 4) Jones et al 5) Norman et al 6) Winokur
et al.
https://doi.org/10.1371/journal.pone.0243639.g005

A summary of the papers, including suggestive findings is available in S1 Table.

Discussion
From our review of the literature, we can confidently identify five hallmarks of CM.
1. Increased risk of psychopathology;
2. Increased risk of obesity;
3. Increased risk of participating in high risk sexual behaviours;
4. Increased risk of smoking;
5. Increased risk of CM in children with disabilities;
Yet despite the high quality of the meta-analyses that have identified these hallmarks, we
still know nothing about the direction(s) of causality nor about the mechanisms underpinning
them. For example, does psychopathology (or childhood temperamental factors leading to
later psychopathology) increase the child’s risk of experiencing CM or does CM increase the
child’s risk of psychopathology? Or both?.
There is already ample evidence for poorer physical and mental health outcomes for adults
who have experienced CM; and smoking, obesity and even risky sexual behaviours could be
mediators along these pathways. Certainly smoking and obesity are associated with a number
of physical impairments and premature death [30], but mechanisms, confounders and causal
pathways are unclear. For example, Attention Deficit Hyperactivity Disorder (ADHD) is associated with an increased risk of smoking [31], obesity [32] and CM [33], so would need to be
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taken into account in any prospective longitudinal studies aiming to untangle these
relationships.
There may be an argument that resilience could be regarded as a sixth hallmark. In all studies included in this review, there were participants who had been exposed to CM who had not
developed the negative outcomes that were the focus of the study. However given that there
were no direct high-quality studies looking at resilience per se it is not possible to say if these
children had in fact experienced no long term negative outcome from their exposure to abuse
and neglect, or if certain adverse outcomes which may have been present had simply not been
measured. There is a need for researchers to consider designing high-quality studies which
examine resilience directly as a carefully defined and measured outcome variable.
There is good evidence that having a disability is a risk factor for experiencing abuse and
neglect [27]. This is an important focus for future research: it is often assumed that developmental problems are the result of abuse and neglect, but we have found this not to be the case,
at least for symptoms of neurodevelopmental conditions such as ADHD and Autism [34,35].
The great majority of studies were conducted in WEIRD countries, making it challenging
to understand community and societal underpinnings of the hallmarks. For example, there
may be a mediating effect on the outcomes of CM in children who are placed in kinship (i.e.
extended family) care versus statutory foster care [29]. However, the role of extended families
versus non-relative foster families in the care of maltreated children varies so greatly across the
world [36], that this finding sheds little light on mechanisms. Further research in more diverse
populations will be crucial.
Our findings are notable for the absence of high-quality systematic reviews or meta-analyses focusing on biological mediators such as epigenetics, stress reactivity, immune function,
and brain structure and function. Due to the methodology employed in this study, this absence
may arise from either deficits in the primary literature, or an absence of high-quality reviews.
Regardless, this highlights the importance of consolidating and improving our understanding
of these important areas of study.
Despite the burgeoning number of studies on the effects of CM, there remains a fundamental issue with the quality of much of the literature, across both systematic reviews and metaanalysis. Of the 178 studies included in this review only 3% were rated as high quality using
the AMSTAR-2 tool and only a further 27% managed a moderate quality rating.
There is currently no agreed standard with relation to how studies report their exposures
and outcomes. For example, in considering the types of CM (or adverse childhood experiences
more widely) that study participants have been exposed to, some authors report this precisely,
allowing for replication in further studies, however many do not. This makes synthesis of outcome findings challenging if not impossible and decreases the likelihood of findings emerging
consistent with sub-types of CM. Adoption of an agreed standard in terms of the reporting of
exposure to CM in study participants, and of commonly measured outcomes, would help
increase the quality of future meta-analysis, and perhaps make possible a network study which
could help unravel the complexity of the underlying interactions between variables.
A major oversight in the extant research on CM is the fact that we were able to find no
review linking different factors across domains or considering multiple levels of the bio-ecological model. The potential for interactions between factors across domains is therefore not
addressed at all despite the large number of “silo” studies reviewed here. A high level of complexity is inevitable when biological systems relevant to CM have such diverse purposes, components and actions, yet are intimately related in their functioning—as is true, for example, for
the HPA-axis and the immune system. Methodologies adapted for complex systems are therefore crucial if we are to advance in this field. For more information on this see Ioannidis and
colleagues [11]. Questions such as “how do physical factors affect mental health factors?” are
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not considered at all in these reviews of the literature. Of the papers reviewed, only one highquality review looked at mediating or moderating factors (kinship care) that might link CM
with outcomes.
We found no high-quality reviews considering the potential impact which social relationships (either positive or negative) might have on the manifestations of effects of CM. This may
be a challenging area in which to work as social relationships could be seen as cause, confounder and outcome. The same would be true of other outer aspects of the Bio-Ecological
model such as the impact of social policy and state actions. We can make no comment on the
effects of the outer layers of the bio-ecological model since there is virtually no evidence available, here, at present. This area has not been studied in detail and requires further consideration from researchers.
Examining the gaps, there is clearly a need for future researchers in this field to consider
study designs that embrace complexity if crucial unanswered questions, especially about causality and mechanisms, are to be addressed. This is no truer than around the question of resilience. Given the lack of focus on resilience in the reviews we have examined, we are not able to
answer any questions in relation to how to prevent adverse outcomes in children exposed to
CM. This is an area of research which we would argue requires urgent attention.
Finally, there were no high-quality reviews which reliably addressed the potential significance of the timeline of exposure to CM in relation to the developmental stage of the child. For
example, questions have not been answered regarding whether there are ages or stages of
development which are particularly sensitive to the risk for the development of certain outcomes of CM.
This study aimed to elucidate hallmarks of CM robustly evidenced across multiple highquality studies. In terms of limitations, our hallmarks are confined to human studies rather
than across taxa as in the hallmarking work on aging and cancer. Whilst there are animal models of early life stress, we were looking more specifically at effects of abuse and neglect which is
not readily distinguished from other sources of early stress in animal models. Secondly, our
conclusions are based on the quality of systematic review articles and meta-analyses rather
than on the underlying primary research. There might be undetected hallmarks based on
high-quality individual studies that we missed because they have not been subjects of systematic reviews or because the systematic review was of low or moderate quality. Our search was
limited to articles in English, and by limiting our search to systematic reviews we may have
omitted relevant findings in the “grey literature”. We did consider undertaking a network
analysis however this was not possible due to the heterogeneity of outcomes and study parameters. Indeed, this heterogeneity may also have impacted our identification of hallmarks since it
is likely to have limited the potential for meta-analysis.

Conclusions
We believe that we have, for the first time, demonstrated five hallmarks of exposure to CM:
Increased risk of psychopathology; Increased risk of obesity; Increased risk of high- risk sexual
behaviours, Increased risk of smoking; and that the risk of CM exposure is increased in children
with disabilities. It may be that resilience represents a sixth hallmark however further research
is required to confirm this.
In our “review of reviews” we identified significant absences of high-quality reviews in
important areas such as biological factors and wider societal factors such as the quality of
neighbourhoods. These gaps must be addressed if progress is to be made in understanding the
impact, and mechanisms of impact, of CM and, more importantly, understanding how to protect abused and neglected children from adverse outcomes.
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Using study designs that embrace complexity, in order to examine inter-relationships
within and across the bio-ecological model, is likely to be key in answering some of these outstanding questions. Future studies need to be adequately designed and powered to achieve
this.
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Kalisch R, Müller MB, Tüscher O. A conceptual framework for the neurobiological study of resilience.
Behav Brain Sci. 2015; 38:e92. Epub 2014/08/27. https://doi.org/10.1017/S0140525X1400082X PMID:
25158686.

13.

Yule K, Houston J, Grych J. Resilience in Children Exposed to Violence: A Meta-analysis of Protective
Factors Across Ecological Contexts. Clin Child Fam Psychol Rev. 2019; 22(3):406–31. https://doi.org/
10.1007/s10567-019-00293-1 PMID: 30887404.

14.

Molnar BE, Goerge RM, Gilsanz P, Hill A, Subramanian SV, Holton JK, et al. Neighborhood-level social
processes and substantiated cases of child maltreatment. Child Abuse Negl. 2016; 51:41–53. Epub
2015/12/09. https://doi.org/10.1016/j.chiabu.2015.11.007 PMID: 26684963; PubMed Central PMCID:
PMC4713333.

15.

Del Giudice M, Ellis BJ, Shirtcliff EA. The Adaptive Calibration Model of stress responsivity. Neuroscience and biobehavioral reviews. 2011; 35(7):1562–92. https://doi.org/10.1016/j.neubiorev.2010.11.007
PMID: 21145350

16.

Baldwin JR, Reuben A, Newbury JB, Danese A. Agreement Between Prospective and Retrospective
Measures of Childhood Maltreatment: A Systematic Review and Meta-analysis. JAMA Psychiatry.
2019; 76(6):584–93. https://doi.org/10.1001/jamapsychiatry.2019.0097 PMID: 30892562; PubMed
Central PMCID: PMC6551848.

17.

Hanahan D, Weinberg Robert a. Hallmarks of Cancer: The Next Generation. Cell. 2011; 144(5):646–
74. https://doi.org/10.1016/j.cell.2011.02.013 PMID: 21376230

18.

Gough D, Oliver S, Thomas J. An introduction to systematic reviews. Second edition. ed: London:
SAGE; 2017.

19.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and metaanalyses: the PRISMA statement. British Medical Journal Publishing Group; 2009.

20.

Montori VM, Wilczynski NL, Morgan D, Haynes RB. Optimal search strategies for retrieving systematic
reviews from Medline: analytical survey. British Medical Journal Publishing Group; 2005. p. 68.

21.

Wilczynski NL, Haynes RB. EMBASE search strategies achieved high sensitivity and specificity for
retrieving methodologically sound systematic reviews. Journal of clinical epidemiology. 2007; 60(1):29–
33. https://doi.org/10.1016/j.jclinepi.2006.04.001 PMID: 17161751

22.

Eady AM, Wilczynski NL, Haynes RB. PsycINFO search strategies identified methodologically sound
therapy studies and review articles for use by clinicians and researchers. Journal of clinical epidemiology. 2008; 61(1):34–40. https://doi.org/10.1016/j.jclinepi.2006.09.016 PMID: 18083460

23.

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

PLOS ONE | https://doi.org/10.1371/journal.pone.0243639 December 8, 2020

15 / 16

PLOS ONE

The hallmarks of childhood abuse and neglect

24.

Bailey T, AlvarezJimenez M, GarciaSanchez AM, Hulbert C, Barlow E, Bendall S. Childhood trauma is
associated with severity of hallucinations and delusions in psychotic disorders: A systematic review and
meta-analysis. Schizophrenia bulletin. 2018; 44(5):1111–22. https://doi.org/10.1093/schbul/sbx161
PMID: 29301025

25.

Castellvi P, Miranda-Mendizabal A, Pares-Badell O, Almenara J, Alonso I, Blasco MJ, et al. Exposure
to violence, a risk for suicide in youths and young adults. A meta-analysis of longitudinal studies. Acta
Psychiatrica Scandinavica. 2017; 135(3):195–211. https://doi.org/10.1111/acps.12679 PMID:
27995627

26.

FusarPoli P, Tantardini M, De Simone S, RamellaCravaro V, Oliver D, Kingdon J, et al. Deconstructing
vulnerability for psychosis: Meta-analysis of environmental risk factors for psychosis in subjects at ultra
high-risk. Psychiatrie & Psychobiologie. 2017; 40:65–75. http://dx.doi.org/10.1016/j.eurpsy.2016.09.
003.

27.

Jones L, Bellis MA, Wood S, Hughes K, McCoy E, Eckley L, et al. Prevalence and risk of violence
against children with disabilities: a systematic review and meta-analysis of observational studies. Lancet. 2012; 380(9845):899–907. https://doi.org/10.1016/S0140-6736(12)60692-8 PMID: 22795511

28.

Norman RE, Byambaa M, De R, Butchart A, Scott J, Vos T. The long-term health consequences of child
physical abuse, emotional abuse, and neglect: a systematic review and meta-analysis. PLoS Medicine/
Public Library of Science. 2012; 9(11):e1001349. https://dx.doi.org/10.1371/journal.pmed.1001349.

29.

Winokur M, Holtan A, Batchelder KE. Kinship care for the safety, permanency, and well-being of children removed from the home for maltreatment. Cochrane Database of Systematic Reviews. 2014:(1)2014 Jan 31. https://dx.doi.org/10.1002/14651858.CD006546.pub3.

30.

Freedman DMSA, Rajaraman P, Doody MM, Linet MS, Ron E. The Mortality Risk of Smoking and Obesity Combined. American Journal of Preventive Medicine. 2006; 31(5):355–62. https://doi.org/10.1016/
j.amepre.2006.07.022 PMID: 17046405

31.

Elkins IJ, Saunders GRB, Malone SM, Keyes MA, Samek DR, McGue M, et al. Increased Risk of Smoking in Female Adolescents Who Had Childhood ADHD. Am J Psychiatry. 2018; 175(1):63–70. Epub
2017/08/25. https://doi.org/10.1176/appi.ajp.2017.17010009 PMID: 28838251; PubMed Central
PMCID: PMC5756118.

32.

Cortese S, Angriman M, Comencini E, Vincenzi B, Maffeis C. Association between inflammatory cytokines and ADHD symptoms in children and adolescents with obesity: A pilot study. Psychiatry Res.
2019; 278:7–11. Epub 2019/05/21. https://doi.org/10.1016/j.psychres.2019.05.030 PMID: 31129493.

33.
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