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Biological memory of childhood maltreatment

Abstract: Child maltreatment (CM) leads to detrimental and lifelong psychological and
physiological alterations — building a biological memory of CM, which might even be transmitted
to the next generation. After summarizing current knowledge of such biological consequences
of CM (e.g. on the hypothalamus-pituitary-adrenal axis, on telomere length and telomerase
activity, and the immune system), this article hints at important questions, that have to be
answered in this research area. Therefore, we propose, that different research fields should join
forces to gain a deeper understanding of the multiple effects of CM and especially on its
transmission.

Introduction

Child maltreatment (CM) has detrimental effects on children’s development with
psycho-bio-social consequences throughout life. Furthermore, CM — and its
consequences — can be transmitted to the next generation, leading to a
“transgenerational cycle of maltreatment” (TCM). This article aims at describing
existing knowledge on neurobiological determinants and sequelae of CM — a
biological memory of CM. Furthermore, we will respond to possible
transgenerational effects of CM. We do not attempt to systematically review all
of the work in this widespread field. Rather, we want to connect knowledge from
different fields of research — stress system, immune system, cell aging and
epigenetics and stimulate research on this innovative and societal important
topic.

CM includes sexual, physical and emotional abuse, as well as physical and
emotional neglect (cf. ) and there is strong evidence that different forms of
maltreatment are interrelated.*® Furthermore, the number of different types of
maltreatment (e.g. beating, verbal humiliation) might be crucial for the
development of consequential dysfunctions. We know from posttraumatic stress
disorder (PTSD) — a psychiatric condition which can develop after traumatic
experiences — that the risk for PTSD increases with the number of different
traumatic event types experienced, i.e. with increasing traumatic load.®™®
Similarly, in CM a cumulative effect on developmental problems during
adolescence and health in adult life can be supposed®* — an effect that could
be described as maltreatment load.

Prevalence rates for maltreatment vary considerably due to methodological
issues like differing definitions of maltreatment, variations in assessment
methods (e.g. agency report, self-or parent-report) or samples used but also
due to high estimated numbers of unreported cases. Cumulative prevalence
rates between 5-35% are reported for physical abuse, 4-9% for severe
emotional abuse, 15-30% for sexual abuse in girls and 5-15% in boys, and 6-
11.8% for neglect (cf. ™)

Common consequences of CM are mental health problems such as PTSD,
depression, and anxiety, as well as cognitive distortions, risky sexual behavior,
obesity, and criminal behavior 2. Furthermore, maltreated children are
reported to have poorer physical health throughout life including cardiovascular
disease, diabetes, cancer, frequent headaches, accelerated cell aging and even
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premature mortality.**** Maltreatment might be especially detrimental in early
childhood, as this time period is characterized by rapid neuroendocrinological
development, which renders the brain and stress axes especially vulnerable to
the influence of stress.*®

Children of parents with a history of CM are at increased risk to experience CM
themselves,° leading to a transgenerational cycle of maltreatment, with
transmission rates around 7%.*"**. However, importantly the majority of parents
with own CM experiences do not maintain the cycle of maltreatment.}”?
Several risk and protective factors are known to play a role in TCM. Poor
parenting styles, combined with parenting under 21 years, history of mental
illness, and residing with a violent adult put families at increased risk for TCM,Z
whereas financial stability, social support, a caring and stable caregiver appear
protective.*”?*

To identify pre- and perinatal factors that play a role in the determinants and
sequelae of CM, as well as in the transmission of maltreatment to the next
generation is an important step, which will finally help to advance interventions
and services to families and children at risk.

Biological mechanisms in CM-related disorders and in TCM

To understand the development of a biological memory of CM as well as the
transmission of CM, mediating biological factors have to be taken into account.
In the following, the state of research on alterations in neurobiological system
(i.,e. HPA axis, biomarkers of cell aging and the immune system) that are
involved in the etiology of CM-related dysfunctions and in the transmission of
maltreatment as well as epigenetic mechanisms in TCM will be characterized. A
brief introduction to these biological systems will be given, followed by a
narrative review of studies concerning the association of the particular system
and CM as well as TCM, respectively.

HPA axis

The HPA axis is a key factor in the response to stress and leads to the release
of the stress hormone cortisol. In response to stress, corticotropin releasing
hormone (CRH) is released from the hypothalamus, which stimulates the
release of adrenocorticotropin releasing hormone (ACTH) in the pituitary gland,
resulting in the release of glucocorticoids (mostly cortisol) from the adrenal
gland into blood circulation. The activity of the HPA axis is subject to a
predictable circadian cycle and regulates itself by negative feedback loops — i.e.
CRH and ACTH release is inhibited, when levels of blood cortisol are high.
Temporarily elevated cortisol levels in response to an acute stressor are
important for the organisms’ adaption to environmental stressors and are
needed to maintain homeostasis. However, childhood adversity seems to alter
HPA axis activity and that these early changes persist.>> Chronically altered
levels of cortisol increase the risk for later psychopathology, like depression
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(which is associated with hypercortisolism?®) or PTSD (which is associated with
hypocortisolism in patients with PTSD due to physical or sexual abuse?’), but
also for stress-related diseases like asthma or rheumatoid arthritis.?®. In this
context, the suppressing effect of cortisol on the immune system has to be
mentioned, which can result in excessive inflammation.

Early life stress has been linked to abnormal functioning of the HPA axis in
several investigations. But evidence of alterations in the HPA axis in the
aftermath of CM is inconsistent (for a review see®). The conflicting results on
HPA axis alterations after CM might stem from methodological issues like the
operationalization of maltreatment, the sample (e.g. psychiatric patients vs.
general population) or the collection and measurement of cortisol.”’ So far,
cortisol has mostly been measured in urine, blood or saliva. This measurements
allow the assessment of cortisol over short time periods (minutes in blood or
saliva, hours in saliva), but are subject to situational factors (e.g. food intake,
perceived stress). In particular the circadian rhythm of cortisol production makes
it difficult to compare results and the samples should be taken in accordance to
a strict protocol. A new and promising approach to overcome these
methodological problems is the analysis of cortisol in hair, in which cortisol
levels can be estimated over long timer periods (approx. 3 months).*® The
differing results on HPA axis activity subsequent to CM and/or trauma might
also mirror the influence of other hormones, which are known to inhibit cortisol.
The hormone dehydroepiandrosterone (DHEA) is a cortisol antagonist and
protects the brain — in particular the hippocampus — from the damaging effect of
cortisol and inhibits excessive inflammatory processes resulting from cortisol.*!
When estimating HPA axis activity, one should not only rely on cortisol levels,
but should consider using the ratio of cortisol and the cortisol antagonist DHEA.
Studies have shown that the cortisol/DHEA ratio can serve as a more reliable
marker of HPA axis activity (for an overview see).

Despite conflicting results, one can reason, that CM leads to a dysregulation of
the HPA axis, thereby impairing stress reactivity as well as health (through the
influence of cortisol on inflammation) throughout the life of affected individuals.
Even worse, alterations of the HPA axis might be transmitted to the next
generation leading to a potential vulnerability of the infants stress system, but
there are only few studies addressing transgenerational effects.. A 25-year
longitudinal study observed lower morning cortisol as well as altered cortisol
release during the course of the day compared to controls in children of mothers
that reported social withdrawal in their childhood.*? As no cortisol levels of the
mothers were assessed, developmental similarities in stress response patterns
between mothers and their children can be supposed to exist but not confirmed
in this study. In another study, lower baseline cortisol in infants of CM mothers
were observed compared to control mother-infant pairs.>®* Transgenerational
effects of maternal stress caused by mental disorder on the HPA axis of their
infants have also been confirmed in mothers with depression®** or PTSD.¢
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The HPA axis is the core system for stress regulation and impacts other
important physiological systems, e.g. the immune system. An effect of maternal
CM on the infants HPA axis would increase the risk for impaired stress adaption
and stress-related illnesses in these children from the very beginning of their
life. We need to understand the mechanisms of the transmission of altered HPA
axis activity and develop interventions to circumvent that experiences of
maltreatment not only impacts the life of a mother negatively, but also their
children. More studies on the transmission of HPA axis dysregulations to the
next generation are needed. These studies should try to overcome methodical
problems, e.g. by strict measurement protocols, using the cortisol/DHEA ration
to estimate HPA axis activity or by considering new methods, like the analysis
of cortisol in hair.

Cell aging

Chronic and severe psychological stress can lead to premature cell aging as
measured by telomere length and telomerase activity.*® Telomeric DNA is
composed of repetitive DNA sequences (in humans TTAGGG), it caps the end
of chromosomes and promotes chromosomal stability. In the process of somatic
cell division, the telomere is not fully replicated and thus shortened at each
replication®, finally leading to programmed cell death or senescence.*’ The
enzyme telomerase adds the necessary telomeric DNA and has direct
telomere-protective functions.** Telomere length and telomerase activity are
accepted biomarkers for cell aging and longevity and shortened telomeres have
been linked to several age related disorders like cardiovascular disease,
cancer, diabetes****, and even all-cause mortality.**

In one of the first investigations on the effects of psychological stress on cell
aging, women with high rates of chronic stress showed lower telomerase
activity and accelerated telomere shortening compared to women with low
stress levels.*® Shortened telomeres have in the meantime been confirmed in
the aftermath of CM as well: One study observed shorter telomere length in
mentally healthy adults with a history of maltreatment compared to non-
maltreated controls.** In particular neglect or other adverse childhood
experiences (ACE), like. parents’ divorce, death of parent, which are usually
seen as less detrimental than physical or sexual abuse can impact health
through telomere shortening in adult life - with a difference of 640 bp compared
to individuals without adverse childhood experiences.*® Based on an average
shortening rate of 31-63 bp per year, (average shortening rate across adulthood
from 20-95 years; cf.®) this can be translated into a 7- to 15-year difference in
life span. Adults (with and without anxiety disorder), who reported ACE showed
shorter telomeres adults without a history of ACE.*’ Furthermore, a recent study
on socially deprived children confirmed that accelerated telomere shortening
can already be detected during childhood.”® O’Donovan et al.*® observed
reduced telomere length subsequent to CM in PTSD patients. Importantly, the
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number of different categories of traumatic events in childhood was linearly
associated with accelerated telomere shortening, indicating a cumulative effect
of childhood trauma (maltreatment load). CM also accounted for the effect of
PTSD on telomere length in this study. Only one study so far failed to confirm
an association between CM and shorter telomere length®. This might be due to
the rather superficial assessment of CM, as participants were asked only five
questions, if they had experienced physical, emotional or sexual abuse in
childhood or later on, or due to the specific sample, as participants were only
twins.

Research on accelerated telomere shortening in CM is still sparse and more
research on the underpinnings of telomere shortening and possible
transgenerational effects is needed. The role of telomerase activity has not yet
been investigated in CM.

Immune system

The immune system protects the body from pathogenic organisms like bacteria,
viruses, fungus or defective cells of the own body. After tissue injury but also in
response to stress, inflammatory processes are implemented by the immune
system via the release of pro- and anti-inflammatory cytokines. But
inflammatory processes have also been linked to the development of several
chronic diseases such as cardiovascular, autoimmune, mental or
neurodegenerative diseases.” ™3

A large longitudinal study confirmed long-term effects of CM on adult
inflammation: Individuals with a history of childhood maltreatment or social
isolation had an increased risk for heightened inflammation (C-reactive protein
level > 3 mg/L) in adulthood, independent of the influence of additional early life
stress, stress in adulthood or adult health and health behavior in this
prospective study.>*>* In a study with 132 healthy older adults, including 58
dementia family caregivers, a history of multiple childhood adversities or
childhood abuse was associated with elevated levels of proinflammatory
cytokines.*® The reported relationship was more pronounced in caregivers
compared to non-caregivers. Another study showed a greater overall peripheral
release of the proinflammatory cytokine Interleukin (IL) 6, and elevated IL-6
concentrations during a stress test in individuals with CM, compared to non-
maltreated controls.>®

Potentially, traumatic experiences might also alter immune function via
epigenetic changes: Uddin et al. (2010) demonstrated that a greater number of
unmethylated genes led to changes in gene expression which were related to
altered immune function.

We hypothesize that CM can also influence the immune system of the next
generation— possibly via epigenetic pathways- leading to higher risks for
illnesses in children of mothers with CM. One study showed, that children of
mothers who were exposed to chronic interpersonal violence (during childhood
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as well as later on) had elevated IgE levels®’ — which are associated with the
development of allergies in later life.®® The mechanism underlying this
transgenerational effect of CM on the immune system was not investigated in
this study. We assume, that epigenetic pathways can explain such phenomena.
Immunological “knowledge” seems to be epigenetically passed from the mother
to her infant during limited neonatal imprinting periods (discussed further below)
as well as during gestation with generally beneficial effects for the child’s
immune system.**®! Despite the theoretical knowledge about such epigenetic
transmission processes, there are hardly any studies addressing
transgenerational pathways of immune alterations in CM.

The role of epigenetic alterations in maltreatment,
trauma and the transmission of both

Usually when speaking of “inheritance” one refers to the passing of genetic
information from one generation to the next.®? However, not only the presence
of genes but rather the level of gene expression determines individual variations
in offspring phenotype. These levels of gene expression can be regulated by
genetic polymorphisms, but there is mounting evidence that environmental
effects can be transmitted to following generations via epigenetic alterations®?,
as was, for example, described for the immune system in the aforementioned
study by Sternthal et al. (2009).°’

Epigenetic mechanisms, i.e. alterations in chromatin structure such as DNA
methylation, histone modifications, and RNA interference can occur in response
to CM and might be involved in the transgenerational transmission of childhood
maltreatment and traumatization.*®* There are different pathways how
epigenetic alterations in the offspring of CM mothers can be explained: First,
stress during pregnancy might directly alter the epigenome of the child (e.g.%).
Secondly, postnatal mother-infant interactions and low maternal care, which can
be altered as a consequence of maltreatment experiences of the mother, can
change the infant’s epigenome. Alterations in the methylation status of specific
gene sites were observed in rat pups as a result of low maternal care behavior
as compared to high maternal care. This was shown for the glucocorticoid
receptor gene promoter in the hippocampus®®, the glutamic acid decarboxylase
1 (GAD1) promoter in the hippocampus®’, and the brain-derived neurotrophic
factor (BDNF) gene ®. Cross-fostering seems to reverse the methylation
changes associated with less attentive maternal care, emphasizing the ongoing
importance of environmental influences and the possibility for interventions.®
There is also one study, which did not find alterations in the methylation status
(in the glucocorticoid receptor promoter region) after early life adversity in rat
pups, although abnormal behaviors, increased neurotrophin levels and HPA
axis dysregulation were observed.®® And third, gametic transmission of
epigenetic alterations can occur, as was investigated in male mice.
Unpredictable and chronic separation from the mother altered DNA methylation
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in the promoter region of several candidate genes in the germline of these male
mice.”® The epigenome is largely erased during early preimplantation
development of the germline and during germ cell development. However,
some epigenetic marks are maintained, thus permitting gametic transmission of
epigenetic alterations, making transgenerational epigenetic inheritance
possible.”

Very few studies so far investigated transgenerational transmission of
epigenetic changes subsequent to traumatic stress in humans. The first human
study on this topic investigated influences of stress during pregnancy on the
infant’s epigenome. Exposure to depressed mood of the mothers in the third
trimester of pregnancy was related to increased neonatal methylation levels at
the glucocorticoid receptor promoter region.’”? Interestingly, this increase of
methylation levels was associated with an elevated stress responses of the
HPA axis at three months after birth. Prenatal exposure to maternal depressed
mood also affected the methylation patterns at the serotonin-transporter-linked
polymorphic region (5-HTTLPR).”® And maternal gestational exposure to inter
partnership violence influenced the methylation status in the promoter of the
glucocorticoid receptor in the offspring even 10-19 years after birth.%> The few
studies in humans point out that maternal stress during pregnancy can alter
methylation patterns in their infants in affective- and stress-related gene sites
(5-HTTLPR, glucocorticoid receptor gene), presumably leading to alterations in
neurobiological systems in the infant. But evidence is still sparse and more and
larger studies need to be implemented.

In investigating epigenetics, one has to keep in mind that results on epigenetic
alterations measured in blood have to be interpreted with caution. Epigenetic
changes are cell specific and it is so far unknown, how findings from the blood
reflect changes in the brain. One study showed that childhood abuse leads to
epigenetic changes in the brain in humans.” In this study, alterations in the
gene expression in the glucocorticoid receptor were found in the hippocampus
of suicide victims with a history of child abuse compared to suicide victims
without a history of child abuse and controls. Nevertheless, the issue of relating
epigenetic findings in the blood with alterations in the brain remains open and
has to be further addressed in humans and in animal models to gain a better
understanding of the exact mechanisms of epigenetic transmission.

Epigenetics might be the key for understanding transgenerational transmission
processes in CM and trauma. But knowledge from human studies is very limited
and there are still methodological limitations that do not allow the generalization
of study results (e.g. other influencing factors besides CM cannot be controlled
in such studies). Nevertheless, the investigation of epigenetic alterations
subsequent to CM and — most important — there transmission to the next
generation seems to be a worthwhile undertaking.
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Connecting and neurobiology and epigenetics

The aforementioned neurobiological and epigenetic systems are closely linked
to each other and to environmental factors (for illustration see figure 1).

Child Maltreatment
Influencing factors: traumatic/maltreatment load, type of trauma, mother-
child attachment, other risk factors

(=4
m Epigenetics ‘ ' Immune system
= - Epigenetic alterations | - Elevated inflamm-
= e | atory processes
o
> ' 5 Ay
Cell aging HPA axis
-Accelerated telomere | - Altered basal cortisol level &
shortening o ] [ stress reactivity
-Altered telomerase activity =
(@] = _
s : .
e [ Increased stress vulnerability and health risks ]
(@] 3

Figure 1 Schematic illustration of the association of core physiological systems that are altered
subsequent to child maltreatment (cf. upper panel, mother), as well as the transmission of these
alterations to the next generation (cf. lower panel, child). GR = Glucocorticoid receptor; HPA
axis= hypothalamus-pituitary-adrenal axis

Early life experiences can modulate the stress axis (i.e. HPA axis), thereby
altering basal cortisol levels as well as the release of cortisol after a stressor.
The stress response might also be influenced by epigenetic processes, e.g. by
influencing the glucocorticoid receptor promoter (cf.®®). Excessive activation of
the body’s stress systems can also accelerate telomere shortening, and thus,
premature cell aging. Furthermore, the stress hormone cortisol is
immunosuppressive. But under severe stress, cortisol can potentiate, instead of
inhibiting, the activity of IL-1 and IL-6", leading to elevated inflammation by
impairing the functioning and regulation of the immune response to stress.
Stress-related activation of the immune system might also be linked to telomere
shortening and thereby an earlier onset of age-related diseases. Under acute
and chronic stress, the number of immune cells increases and therefore the rate
of cell division in immune cells rises. This increased rate of cell division results
in a faster loss of telomere sequences. Moreover, cell culture studies have
demonstrated that cortisol concentrations that are equal to physiological
conditions suppress telomerase activity, which additionally leads to further
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telomere shortening.”® This highlights the importance of an interdisciplinary,
multiperspective approach in studying mechanisms and consequences of CM
and TCM, respectively. Joining forces in the field of CM and investigating the
psychological mechanisms, risk and protective factors in CM and relating them
to the various biological systems is necessary in future studies. Especially
longitudinal designs which investigate psychological and biological functioning
at the same time are necessary to gain a deeper understanding of the
mechanisms in CM and TCM and finally to develop tailored early interventions
for families and children at risk.
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