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Abstract
Childhood adversity significantly increases the risk of individuals developing
psychological disorders such as depression and anxiety, and abnormal stress
response is an important factor contributing to these disorders. Childhood ad-
versity can affect HPA axis activation, either enhancing or diminishing stress
response sensitivity; severe childhood adversity increases individual stress re-
sponse sensitivity, while mild and moderate childhood adversity may also pro-
duce a protective “stress inoculation”effect. The present article elaborates on
the mechanisms through which childhood adversity influences stress response
from three perspectives: brain function, immune system, and epigenetics. Fu-
ture research should control for confounding variables and further investigate
the effects of different types of childhood adversity on stress response.
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Abstract
Childhood adversity significantly increases the risk of developing psychological
disorders such as depression and anxiety, and abnormal stress responses consti-
tute a key factor in the onset of these conditions. Childhood adversity can affect

chinarxiv.org/items/chinaxiv-202101.00037 Machine Translation

https://chinarxiv.org/items/chinaxiv-202101.00037
https://chinarxiv.org/items/chinaxiv-202101.00037


hypothalamic-pituitary-adrenal (HPA) axis activation, either enhancing or di-
minishing stress response sensitivity. While severe childhood adversity tends to
increase individual stress reactivity, mild to moderate adversity may produce
protective “stress inoculation”effects. This paper elucidates the mechanisms
through which childhood adversity influences stress responses from three per-
spectives: brain function, the immune system, and epigenetics. Future research
should control for confounding variables and further investigate how different
types of childhood adversity affect stress responses.

Keywords: childhood adversity, stress response, HPA axis, neural mechanisms,
inflammation, DNA methylation

1. Introduction
Childhood adversity, also known as adverse childhood experiences (ACE)
or childhood trauma (CT), refers to adverse environmental conditions dur-
ing childhood or adolescence that deviate from developmental expectations
and require significant psychological, social, or neurobiological adaptation
(McLaughlin, 2016). These experiences primarily include emotional neglect,
emotional abuse, physical neglect, physical abuse, sexual abuse, and family
dysfunction (such as domestic violence, alcohol abuse, parental separation or
divorce), all of which negatively impact individual health and survival (Felitti,
1998). Two primary approaches exist for quantifying childhood adversity.
The first is the cumulative risk method, which counts the number of different
adversity types experienced to generate a risk score, regardless of the specific
type, timing, or severity of the experiences (Evans et al., 2013). For example, a
child who has experienced physical abuse, sexual abuse, and domestic violence
receives a risk score of 3, as does a child who has experienced poverty, neglect,
and maternal depression. This approach implicitly assumes that different
adversity types influence development through shared mechanisms. The
second approach is a conceptual model proposed by McLaughlin, Sheridan,
and Lambert (2014), which classifies adversity along two dimensions: threat
exposure and deprivation exposure. Threat exposure encompasses experiences
of harm or threat of harm, witnessing community or domestic violence, or
chronic physical and sexual abuse. Deprivation exposure refers to the absence
of expected environmental inputs during childhood, including family poverty,
neglect, parental divorce, or institutional upbringing.

The prevalence of childhood adversity is substantial. Survey data indicate that
over half of individuals have experienced at least one form of childhood adver-
sity, with more than one-third reporting at least two types (O’Connor, 2020).
The most common forms are emotional and physical neglect, followed by phys-
ical abuse (Niu Yi et al., 2014). These adverse physiological and psychological
experiences have produced a range of detrimental effects on development.

Extensive research demonstrates that childhood adversity represents a risk fac-
tor for numerous psychological and behavioral disorders. Individuals who have

chinarxiv.org/items/chinaxiv-202101.00037 Machine Translation

https://chinarxiv.org/items/chinaxiv-202101.00037


experienced maltreatment, neglect, or poverty during childhood exhibit higher
rates of physical and mental health problems compared to those without such ex-
periences, including increased risks for cardiovascular disease (Lim, 2020) and
psychiatric conditions such as depression and anxiety (Kong Xinyuan et al.,
2020; Aafjes-van Doorn et al., 2019; Simpson et al., 2020; van Draanen, 2020;
McFarland et al., 2020; Henry, 2020), poorer cognitive performance (Kalia, 2019;
Majer et al., 2010), and difficulties in social relationships (McLaughlin, 2016; Jin
Guichun & Wang Youzhi, 2017; Jones et al., 2020).

However, the pathways and mechanisms through which childhood adversity ex-
erts long-term effects on disease onset remain unclear. The stress sensitization
model proposes that exposure to adversity during sensitive developmental pe-
riods increases future sensitivity to stress, thereby elevating disease risk (Post,
2016). Childhood adversity affects stress-responsive neurons, leading to chron-
ically elevated or suppressed activation of stress systems and altered glucocor-
ticoid secretion. Key factors contributing to long-term homeostatic disruption
following childhood adversity include alterations in the HPA axis, autonomic
nervous system, immune system and inflammation, oxidative stress, cardiovas-
cular system, gut microbiota, sleep and circadian rhythms, genetics, epigenetics,
and brain structure and function. These neurobiological changes increase dis-
ease risk and result in elevated physical and psychiatric morbidity later in life
(Agorastos et al., 2019). To prevent and treat these disorders and mitigate
the adverse effects of childhood trauma, this paper examines how childhood
adversity produces long-term psychological and physiological impacts from the
perspective of stress response.

The article proceeds in three parts: first, summarizing how childhood adversity
influences stress responses; second, exploring the underlying neurophysiological
mechanisms; and third, outlining future research directions regarding adversity
characteristics, timing, and methodological approaches.

2.1 Measurement and Definition of Childhood Adversity
and Stress Response
Childhood adversity encompasses psychological or physical harm and threaten-
ing events experienced during childhood or adolescence. Since these experiences
occur in the past, their measurement relies primarily on retrospective self-report.
The most commonly used instruments include the Childhood Trauma Question-
naire (CTQ) and the Adverse Childhood Experiences (ACE) scale. The CTQ
assesses emotional neglect, emotional abuse, physical neglect, physical abuse,
and sexual abuse, with a short form version (CTQ-SF) also available (Bernstein
et al., 1994). The ACE scale covers a broader range of experiences, including
14 items across three categories: neglect (physical and emotional), abuse (phys-
ical, emotional, and sexual), and family dysfunction (alcohol abuse, drug use,
domestic violence, parental separation or divorce, mental illness in the family,
family suicide, criminal behavior, early parental death, and peer victimization)
(Ye Dongqing et al., 2004; Felitti, 1998). These questionnaires capture multiple
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facets of childhood adversity, enabling assessment of both the severity of ad-
verse events and differentiation among adversity types, such as physical versus
emotional abuse and neglect, as well as material and psychological deprivation.
Consequently, they have been widely adopted in the field.

Stress refers to a series of physiological and psychological responses that oc-
cur when homeostasis is threatened, aimed at restoring internal balance (Zhen
Zhen et al., 2017). The physiological stress response primarily involves the rapid-
acting sympathetic nervous system (SNS) and the slower-acting HPA axis. SNS
activation leads to non-specific responses such as increased heart rate, rapid
breathing, and elevated blood pressure. HPA axis activation increases corti-
sol secretion, which constitutes the most important adaptive response to stress,
facilitating energy mobilization and maintenance of internal stability. Psycho-
logical stress responses include heightened mental tension, anxiety, irritability,
and other emotional experiences (Li Wanru & Ku Yixuan, 2020). Human stud-
ies typically employ physical, cognitive, emotional, or social-evaluative stressors
to induce mild or acute stress responses. Social evaluation represents a com-
mon social threat in daily life and constitutes a significant stressor. When
social-evaluative threat co-occurs with uncontrollability, it elicits particularly
robust stress responses, as exemplified by the Trier Social Stress Test (TSST)
(Dickerson & Kemeny, 2004). HPA axis activity has long been considered a
critical factor in stress sensitization (Heim et al., 2008). The most commonly
used HPA axis indicators include the cortisol awakening response (CAR), di-
urnal regulation patterns, and cortisol reactivity (Kuhlman et al., 2015), each
representing distinct neuroendocrine processes with different biopsychosocial sig-
nificance (Tsigos & Chrousos, 2002). CAR refers to the surge in cortisol upon
awakening, reflecting chronic daily stress and physiological system impact (Fries
et al., 2009). Cortisol follows a diurnal rhythm, peaking in the morning and
reaching its nadir at night. The gradual decline in cortisol from morning to
evening serves as a marker of physiological balance (Tsigos & Chrousos, 2002),
and disruption of this diurnal regulation predicts poor health outcomes (Sjögren
et al., 2006).

2.2 Effects of Different Childhood Adversities on Stress Re-
sponse
Previous research examining the impact of childhood adversity on stress re-
sponses has yielded inconsistent findings. Most studies indicate that childhood
adversity induces long-term hyperactivity of the corticotropin-releasing factor
system and alterations in other neurotransmitter systems, resulting in stress
response sensitization (Heim & Nemeroff, 2001). In adolescents, stress sensitiza-
tion due to childhood adversity has been demonstrated across different adversity
types (Harkness et al., 2006; La Rocque et al., 2014), with individuals exposed
to childhood adversity showing significantly higher cortisol responses following
acute stress compared to controls (Shalev et al., 2019). Conversely, other re-
search has found that childhood adversity attenuates stress reactivity. Following
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stress exposure, childhood adversity has been associated with reduced HPA axis
reactivity (Carpenter et al., 2009; MacMillan et al., 2009; Lovallo, 2011), and
individuals with childhood adversity exhibit blunted cortisol responses to social
stress (Bunea et al., 2017; Bernard et al., 2017; Frach et al., 2020).

Childhood adversities rarely occur in isolation (Finkelhor et al., 2007), yet most
published studies have focused on either a single adversity type, such as parental
death (Kaplow et al., 2013) or family poverty (Fuller-Rowell et al., 2012), or have
aggregated different adversity types into a single composite category (Gustafsson
et al., 2010). These approaches fail to distinguish how different adversity types
uniquely influence stress responses. Experiences such as neglect, physical abuse,
or natural disasters may affect learning and daily functioning through distinct
physiological pathways (Miller et al., 2007). Research has linked early trauma
exposure to both heightened and diminished stress reactivity (Peckins et al.,
2012; Trickett et al., 2014) and to both elevated and suppressed evening HPA
axis activity (Lupien et al., 2009). Exposure to any form of childhood adversity
may produce different stress responses, and these divergent outcomes likely stem
from the heterogeneity of adversity types.

2.2.1 Effects of Threat Exposure on Stress Response

Threat exposure refers to experiences involving harm or threat of harm. Victims
of violence within the past year or adolescents who have witnessed violence
exhibit stronger cortisol reactivity under laboratory stress (Peckins et al., 2012),
and physical abuse is associated with faster acute stress responses (Kuhlman
et al., 2015). Extensive animal research demonstrates that the HPA axis is
sensitive to aversive events (Pryce et al., 2002) and that physical danger strongly
activates the HPA axis (Miller et al., 2007).

Additional studies have found that childhood experiences of physical, sexual,
and emotional abuse correlate with elevated daytime cortisol levels (Cicchetti
& Rogosch, 2001), particularly in the afternoon (Bevans et al., 2008). In a
study of 138 community youth aged 9 to 16, participants completed a social-
evaluative cold pressor task, with four daytime saliva samples collected over two
days. Results revealed that witnessing accidents or exposure to natural disas-
ters was associated with altered diurnal cortisol regulation, specifically higher
bedtime cortisol concentrations (Kuhlman et al., 2015). Childhood exposure
to traumatic events may produce physiological alterations in HPA axis circa-
dian regulation, impairing cortisol downregulation by day’s end (Buckley et
al., 2005). However, some maltreated adolescent groups show no abnormali-
ties in cortisol diurnal regulation (MacMillan et al., 2009; Ouellet-Morin et al.,
2011). Emotional abuse has also been linked to delayed cortisol recovery fol-
lowing acute stress (Kuhlman et al., 2015). Some studies have found blunted
responses to laboratory stress in chronically abused individuals (MacMillan et
al., 2009; Ouellet-Morin et al., 2011; Trickett et al., 2014), with childhood
physical abuse specifically—not other trauma types—identified as the cause of
subsequent blunted cortisol responses (Carpenter et al., 2011).
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Overall, threat exposure correlates with HPA axis dysregulation. Experiences
involving harm or threat of harm, witnessing community or domestic violence,
and chronic physical or sexual abuse produce either blunted or sensitized stress
responses. Most studies report impaired cortisol diurnal rhythms with elevated
levels throughout the day, though some find no diurnal abnormalities. Delayed
stress recovery also associates with threat exposure.

2.2.2 Effects of Deprivation Exposure on Stress Response

Deprivation exposure primarily involves the absence of expected cognitive and
developmental environmental inputs. Children from impoverished families ex-
hibit flattened diurnal cortisol rhythms (Fuller-Rowell et al., 2012), lower cortisol
reactivity (Sturge-Apple et al., 2012), and positive correlations between poverty
and baseline cortisol (Fernald et al., 2008). Children raised in institutional set-
tings show no cortisol decline across the day (Linares et al., 2008). Blunted cor-
tisol responses have also been observed in other deprivation contexts, including
exposure to unpredictable natural disasters (Vigil et al., 2010) and transitions
from biological to foster families (Bruce et al., 2009), with maltreated children
showing significantly lower morning cortisol than non-maltreated peers. Addi-
tionally, Meinlschmidt et al. (2005) found that university students with child-
hood deprivation experiences (e.g., parental separation/divorce, death of close
friends or relatives) exhibited significantly reduced post-awakening cortisol re-
sponses, an effect more pronounced in individuals with multiple deprivation
exposures and without gender differences. A study of pregnant women similarly
demonstrated that childhood trauma led to significantly lower baseline cortisol
levels upon morning awakening, with cortisol levels negatively correlated with
total CTQ scores (Shea et al., 2007). In contrast, Engert et al. (2011) found
that children with less parental care showed excessive physiological responses
to stress, with increased HPA axis activation and elevated cortisol secretion.
Furthermore, adolescents experiencing parental separation, divorce, or chronic
parental illness showed enhanced sensitivity to future stressors (Espejo et al.,
2007; Starr et al., 2017). Thus, deprivation exposures such as family poverty,
parental divorce, or institutional upbringing produce either sensitized or blunted
future stress responses, impaired daytime cortisol downregulation, low cortisol
awakening responses, and blunted cortisol reactivity.

In summary, no consensus exists regarding whether the severity or type of child-
hood adversity leads to increased or decreased cortisol secretion and differential
stress responses (Krause et al., 2020). These inconsistent findings may result
from varying degrees of adversity exposure. Some evidence suggests that mild
to moderate childhood adversity may produce protective“stress inoculation”or
“steeling”effects, with individuals exposed to low or moderate adversity better
equipped to handle subsequent challenges, promoting self-efficacy and reducing
negative reactions over time (Seery et al., 2010). Conversely, high-level adver-
sity may overwhelm coping capacities, leading to cumulative effects and chronic
HPA axis activation that produce abnormal stress responses.
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The timing of adversity exposure may represent another source of contradictory
findings. Childhood adversity can both increase and decrease HPA axis activ-
ity, but these effects occur at different time points relative to the threatening
experience. Shortly after adversity onset, HPA axis activation increases cortisol
secretion. Over time, however, compensatory mechanisms may reduce cortisol
levels below baseline (Miller et al., 2007). Biologically, this reflects the powerful
negative feedback loop regulating the HPA axis, wherein elevated cortisol in-
hibits corticotropin-releasing hormone and adrenocorticotropic hormone output
via glucocorticoid receptors in the hippocampus, hypothalamus, and pituitary
(Fries et al., 2005). Since most studies employ cross-sectional designs assessing
childhood adversity at different time points, and the HPA axis changes over
time, earlier trauma experiences correlate with low cortisol while more recent
trauma shows the opposite pattern (Miller et al., 2007).

3 Childhood Adversity and Mental Disorders: The Role of
Stress Response
Childhood adversity permanently alters stress responses (Elwenspoek et
al., 2020; Hengesch et al., 2018). Chronic activation of the HPA axis and
sympathetic-adrenal-medullary (SAM) axis leads to prolonged secretion of
stress hormones, resulting in dysregulation of these interdependent stress
response systems (Juster Robert-Paul et al., 2010). Altered stress responses
constitute one mechanism explaining the relationship between childhood
adversity and subsequent psychiatric symptoms such as depression and anxiety
(van Nierop et al., 2018). Childhood adversity sensitizes individuals to stressful
events, increasing depression risk following life stressors (Starr et al., 2020).
Numerous animal and human studies link HPA axis dysregulation—particularly
cortisol abnormalities—to major depressive disorder (Ehlert et al., 2001; De
Vente et al., 2003). Prospective studies of HPA axis function and depression
demonstrate that morning cortisol levels, near the peak of the circadian rhythm,
predict depression onset or related symptoms (Halligan et al., 2007; Goodyer
et al., 2010). Vrshek-Schallhorn et al. (2013) obtained similar results, showing
that cortisol awakening response predicted major depressive episodes one year
later. Flattened daytime cortisol slopes mark elevated negative affect such
as tension and anger, leading to increased evening cortisol levels (Adam et
al., 2006). A review of relationships among childhood adversity, HPA axis
function, and disease indicates that HPA axis activity is shaped by individual
responses to adversity, with cortisol secretion increasing with subjective distress
and contributing to posttraumatic stress disorder development (Miller et al.,
2007). Understanding the biological mechanisms through which childhood
adversity produces abnormal stress responses is crucial for treating these
adverse outcomes.
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4.1 Effects of Childhood Adversity on Brain Regions In-
volved in Stress Response
How does childhood adversity influence stress responses? At the brain level, the
amygdala and hippocampus play crucial roles. Children and adolescents exposed
to adversity, particularly violence, show reduced hippocampal and amygdala vol-
umes (McLaughlin et al., 2019). Animal research demonstrates that early life
stress exerts long-term negative effects on the hippocampus (Watanabe et al.,
1992). Following childhood adversity, increased corticotropin-releasing hormone
in the hippocampus reduces dendritic spines and branching in hippocampal neu-
rons, a phenomenon that persists with age (Ivy et al., 2010). Reduced hippocam-
pal volume disrupts hippocampal regulation of the HPA axis, which is essential
for physiological stress responses (Frodl & O’Keane, 2013). Additionally, child-
hood exposure to violence correlates with reduced amygdala volume and height-
ened amygdala reactivity (McLaughlin et al., 2019), with smaller amygdala
volume associated with stronger physiological stress reactivity (McLaughlin et
al., 2016; Trotman et al., 2018). These structural and functional changes in the
amygdala may facilitate rapid threat detection in the environment (McLaughlin
& Lambert, 2017; McLaughlin et al., 2014). While adaptive in dangerous envi-
ronments, these alterations may increase stress vulnerability in safe contexts or
when facing less severe stressors.

Reduced hippocampal and amygdala volumes may represent a mechanism under-
lying stress sensitization, predisposing individuals exposed to childhood adver-
sity to illness. Structural changes in these regions following childhood adversity
alter how individuals respond to stressors, thereby increasing disease risk (Weiss-
man et al., 2020). Research has linked smaller hippocampal volume to adult
depression (Schmaal et al., 2016), though findings in children and adolescents
are inconsistent. Some studies report negative correlations between hippocam-
pal volume and depression in youth (Caetano et al., 2007; MacMaster et al.,
2004), while others find no relationship (Rosso et al., 2005) or even positive cor-
relations (Ellis et al., 2019). Similarly, studies examining amygdala volume and
depression in children and adolescents have produced mixed results (Caetano et
al., 2007; Rosso et al., 2005). Tottenham et al. (2010) found that individuals
raised in institutional settings had larger amygdala volumes and higher anxiety
levels compared to controls. A review also noted that the effects of childhood
adversity on amygdala volume remain inconsistent across studies, possibly due
to variations in adversity type, onset, and duration (Hart & Rubia, 2012).

Overall, current research suggests that childhood adversity affects amygdala
and hippocampal development, but different adversity types and timing may
produce different patterns of volumetric change.
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4.2 Effects of Childhood Adversity on the Immune System
in Stress Response
Inflammation represents a natural immune response to pathogens and injury,
constituting a component of the stress response that is crucial for tissue heal-
ing, adaptation, and survival (Glaser et al., 2005). When immune responses
become dysregulated, inappropriate or excessive immune reactions can cause tis-
sue damage and inflammation. Acute stress activates pro-inflammatory cytokine
secretion through adrenaline and corticotropin-releasing hormone stimulation,
helping regulate immune responses (e.g., stimulating acute-phase proteins like
C-reactive protein [CRP]) (Steptoe et al., 2007). Pro-inflammatory cytokines
stimulate glucocorticoid secretion, which in turn terminates inflammatory re-
sponses (Cain et al., 2017). Substantial evidence indicates that the immune
system influences brain activity related to stress through peripheral and central
immune mechanisms, thereby playing a role in stress, neurobiology, and neu-
roendocrine responses (Menard et al., 2017). Conversely, dysregulated stress
response systems can lead to disinhibited or excessive suppression of inflam-
matory processes, promoting biological aging, inflammation, or compromised
immune health (Gill et al., 2009).

Childhood adversity represents a risk factor for peripheral immune dysregulation
and chronic excessive inflammation in adulthood (Kuhlman et al., 2017; Danese
et al., 2017a). Maltreated individuals show universally elevated inflammatory
biomarkers compared to non-maltreated controls (Baumeister et al., 2016). A
study of individuals born in England and Wales found that maltreated children
exhibited higher inflammation levels (Danese et al., 2011), with subsequent re-
search supporting and extending these findings to show elevated inflammation
in children exposed to adverse events (Slopen et al., 2013; Cicchetti et al., 2015).

Individuals with childhood adversity show enhanced inflammatory responses
to laboratory acute psychosocial stress tests (Carpenter et al., 2010; Gouin
et al., 2012). HPA axis activation releases glucocorticoids that may disrupt
neuroimmune responses, representing a potential mechanism (Agorastos et al.,
2019). Thus, the connections among childhood adversity, stress responses, and
inflammation are intimate, with childhood adversity influencing immune system
responses to subsequent stressors and ultimately affecting a range of psychiatric
disorders (Danese et al., 2017b; Misiak et al., 2019).

4.3 Effects of Childhood Adversity on Epigenetics in Stress
Response
In recent years, researchers have increasingly focused on relationships between
specific candidate genes and environmental factors. Epigenetic mechanisms—in-
cluding DNA methylation, chromatin remodeling, and abnormal expression of
non-coding RNA—modulate genetic polymorphisms and functional loci combina-
tions in stress axes, thereby increasing or decreasing the risk of psychobiological
dysregulation following childhood adversity (Skelton et al., 2012; Malan-Müller
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et al., 2014). Understanding interactions among environment, genes, and post-
adversity gene expression is essential for treating childhood adversity-related
disorders.

Epigenetics explains relationships between environment and gene transcription,
with maternal separation and childhood trauma affecting DNA methylation and
subsequent gene expression (Franklin et al., 2010; Agorastos et al., 2019). Re-
search has linked CpG island methylation upstream of the serotonin transporter
gene to self-reported childhood trauma in both men and women, with abused
males showing significantly increased promoter region CpG island methylation
compared to non-abused males (Beach et al., 2010). Furthermore, investiga-
tors have examined whether childhood adversity affects candidate genes and
downstream epigenetic patterns and their functions. Comparing genome-wide
promoter methylation in hippocampal tissue between severely maltreated indi-
viduals and controls, they identified 362 differentially methylated promoters,
with 248 hypermethylated and 114 hypomethylated, the most significant differ-
ences occurring in genes involved in cellular or neuronal plasticity (Labonté et
al., 2012).

These findings demonstrate how childhood adversity influences DNA methyla-
tion patterns on a genome-wide scale (Labonté et al., 2012; Zannas et al., 2015).

Moreover, growing evidence suggests that childhood adversity may become bio-
logically embedded through accelerated cellular, tissue, and organ aging (Gassen
et al., 2017; Zannas et al., 2015; Colich et al., 2019). Specific CpG site DNA
methylation patterns serve as effective measures of biological aging (Teschen-
dorff et al., 2013; Marini et al., 2020), with “epigenetic clocks”used to predict
accelerated physiological age. When physiological age exceeds chronological
age, mortality risk increases (Jovanovic et al., 2017; Marini et al., 2020). A
recent study quantifying age acceleration found that exposure to any childhood
trauma associated with epigenetic “advancement”of up to six months (Wolf
et al., 2018), with children scoring at least one standard deviation above the
mean on violence exposure showing twice the epigenetic age acceleration of their
peers (Jovanovic et al., 2017). Both threat-related adversities (abuse, domestic
violence) and deprivation-related adversities associated with approximately one
month of epigenetic age acceleration (Sumner et al., 2019).

With increasing childhood adversity, specific methylation occurs in genes en-
coding glucocorticoid receptor function, leading to epigenetic age acceleration
(Jovanovic et al., 2017; Klengel et al., 2013). However, some studies have re-
ported inconsistent results, observing accelerated pubertal development and cel-
lular aging in threat-exposed but not deprivation-exposed children (Sumner et
al., 2019).

In fact, recent research indicates that the epigenetic effects of childhood adver-
sity are primarily determined by the timing of exposure, with adversity expe-
rienced during the sensitive period of 0 to 3 years producing more epigenetic
changes (Dunn et al., 2019). The epigenetic consequences of childhood adver-
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sity and timing effects may be obscured by simple dichotomous classifications
of exposed versus unexposed groups. Thus, childhood adversity may alter gene
methylation processes by directly or indirectly interfering with normal cellu-
lar aging, including gene-specific methylation changes in glucocorticoid receptor
function genes that lead to accelerated epigenetic aging. Some studies have
found divergent results, necessitating further research to clarify relationships
between different adversity types, timing, and epigenetics.

5. Summary and Outlook
Reviewing these findings reveals that childhood adversity influences individ-
ual stress responses. Some studies demonstrate that childhood adversity leads
to sensitized or blunted stress reactivity, while others show that moderate or
low-level adversity may strengthen stress immunity through a “steeling”effect.
Childhood adversity can also trigger various psychological disorders—including
depression, anxiety, and personality disorders—through altered stress reactivity.
At the neural level, childhood adversity affects brain development, producing
lasting impacts on stress-related neural substrates such as amygdala and hip-
pocampus structure and function, resulting in either increased or decreased
volumes and HPA axis dysregulation. At the immune system level, childhood
adversity influences immune responses to subsequent stressors, ultimately affect-
ing a range of psychiatric disorders. From an epigenetic perspective, childhood
adversity alters methylation processes by directly or indirectly interfering with
normal cellular aging, including gene-specific methylation changes in glucocorti-
coid receptor function genes that accelerate epigenetic aging. However, different
stress responses involve multiple distinct neurobiological circuits, and how child-
hood adversity affects these circuits requires further investigation.

To date, research examining childhood adversity from a stress perspective re-
mains insufficient, particularly in domestic contexts. Based on existing findings,
we propose several directions for future research.

First, the concept of childhood adversity is broad, but its impact depends
heavily on characteristics such as severity, duration, frequency, developmental
timing, and controllability (Parihar et al., 2011; Parker & Maestripieri, 2011).
For instance, common family conflicts have relatively mild effects and may be
somewhat controllable for children, potentially fostering resilience. In contrast,
events like family poverty, parental divorce, or abuse exert intense effects be-
yond children’s control, producing negative and enduring consequences (Zhang
Huihui et al., 2018). Additionally, these effects vary across individuals, as not
all individuals exposed to severe childhood adversity uniformly develop affec-
tive, psychotic, or anxiety symptoms (van Nierop et al., 2018). Since current
research derives from childhood adversities of varying severity and timing, cross-
study comparisons remain challenging. Future research should manipulate and
differentiate adversity types and individual differences, incorporating control
variables such as resilience and social support to further specify the effects of
childhood adversity.
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Second, although childhood adversity constitutes a risk factor for psychological
disorders, some individuals remain unaffected and show health comparable to
the general population. Effective stress responses may play a protective role.
An effective stress response is characterized by rapid reactivity during actual
stress and quick recovery when the stressor subsides (Roy, 2004), a pattern with
adaptive significance (He et al., 2020). Recovery represents another critical con-
sideration: failure to shut down the cortisol system promptly after stimulation
may damage health through excessive cortisol secretion (Abercrombie et al.,
2006). Since most studies employ cross-sectional designs that cannot capture
temporal changes in stress responses among individuals with childhood adver-
sity—such as increases or decreases over time, or response speed—future research
should utilize longitudinal designs to examine whether individuals with different
childhood adversity profiles show differential stress response effectiveness.

Third, while childhood adversity affects stress responses through multiple mech-
anisms, the interconnections among these neurobiological pathways should not
be overlooked. Research has shown that childhood trauma relates to allele-
specific DNA demethylation in functional glucocorticoid response elements of
the FKBP5 gene, which in turn associates with reduced glucocorticoid recep-
tor sensitivity in peripheral blood immune cells to lipopolysaccharide-induced
interleukin-6 production (Klengel et al., 2013). A study collecting data from over
2,000 participants in the Psychiatric Genomics Consortium PTSD Epigenetics
Working Group found that trauma exposure relates to accelerated epigenetic
aging in adulthood, with cells protecting and regulating immune responsiveness
potentially playing important roles in epigenetic clock adjustments (Wolf et al.,
2018). Understanding these connections will facilitate more effective treatment
of childhood adversity-related disorders.

Finally, based on an understanding of these mechanisms, targeted interventions
can be developed to reduce the negative impacts of childhood adversity. For
example, estradiol therapy can reduce cortisol responses to acute stress and pre-
vent HPA axis overactivation (Herrera et al., 2017). Non-invasive transcranial
direct current stimulation can reduce post-adversity cortisol responses (Antal et
al., 2014). Kotozaki and colleagues tested biofeedback (BFB) as an intervention
for adversity-related stress, measuring salivary cortisol as an indicator of BFB
effectiveness in stress management skills training. After 28 days of BFB train-
ing (5 minutes daily), the intervention group showed significant improvements
in psychological test scores and salivary cortisol compared to controls. Further-
more, MRI scans revealed significantly increased regional gray matter volume in
the right orbitofrontal cortex, including transgenic regions related to stress reac-
tivity sensitivity (left hippocampus and left subgenual anterior cingulate cortex)
(Kotozaki et al., 2014). Thus, interventions using estradiol, non-invasive brain
stimulation, and biofeedback can modulate maladaptive stress responses follow-
ing childhood adversity through different pathways, holding significant value for
psychiatric treatment.
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