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Abstract

The emergent concept of the epigenetic inheritance of trauma across multiple generations
has gained widespread attention in popular media, arguably at the cost of sufficient
critical evaluation. This oversight risks distorting the complex and multifaceted nature of
trauma transmission, with potential consequences for affected individuals and the broader
society. Specifically, the prevalence of this oversimplified narrative in social work and
healthcare settings underscores the need for a clearer and critical understanding of the
science. To address this need, this work aims to support social workers and other healthcare
workers that are interested in better understanding the biological basis of epigenetics as
they integrate emerging research on trauma transmission into their daily practice. The
paper first introduces fundamental concepts in epigenetics for a non-expert audience,
clarifying key mechanisms that regulate gene activity. Building on this foundation, the
authors examine sociocultural and biological models for trauma transmission, based on the
current evidence, drawing on historic examples to highlight the strengths and limitations
of each model. Ultimately, the authors encourage social workers to bridge both of these
perspectives in trauma-informed care to enable social workers to challenge misconceptions
about inherited trauma and foster patient empowerment through accurate education and
advocacy, promoting more holistic and effective care.

Keywords: epigenetics; trauma transmission; intergenerational trauma; transgenerational
trauma

1. Introduction

In recent decades, the concept that trauma can be transmitted across generations through
epigenetic mechanisms has garnered considerable attention across social, scientific, and clinical
spheres of influence (Mulligan et al. 2025; Yehuda and Lehrner 2018). For individuals, families,
and communities with a history of inter- and/or trans-generational trauma, such compelling
narratives offer relief by helping those impacted make sense of long-standing patterns of
suffering that previously lacked a clear explanation (Yehuda and Lehrner 2018).

As a result, social workers increasingly encounter these concepts in practice, where
engagement with vulnerable individuals and families necessitates sensitivity to trauma
histories and an understanding of the plausible mechanisms of trauma transmittance. Such
knowledge is essential not only to inform one’s practice and increase efficacy, but also to
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navigate the implications of such knowledge on the lives of vulnerable individuals (Combs-
Orme 2013; Levenson 2017). At the same time, studies investigating the transmission of
trauma across generations face inherent difficulties in distinguishing biological inheritance
from social and cultural transmission (Yehuda and Lehrner 2018). In other words, study
design is limited in its ability to determine whether a particular behaviour results from the
environment in which one is raised (social transmission) or from epigenetic determinants
(biological transmission). In all likelihood, it is almost always a combination of both factors.

Nevertheless, critically examining the current state of evidence for biological trauma
transmission—in light of its preliminary nature—can guide social workers in avoiding the
perpetuation of misinformation and tailoring interventions for clients with greater inten-
tionality. This will not only support clients in developing a more accurate understanding of
their circumstances, but will help social workers remain up-to-date on the emerging science
that may shape the future of trauma-informed care. The molecular biology of epigenetics is
very complex and there is an absence of articles aiming to explain the science to non-experts
that want to learn. Against this background, herein the aims of this paper will be to provide
the following:

e A concise summary of basic epigenetic mechanisms for non-experts in healthcare set-
tings, with a focus on social work, specifically those that want a deeper understanding
of the molecular biology.

e A stepwise and simplified explanation of the epigenetic inheritance of trauma.

e A clarification of misunderstandings in the literature regarding the difference between
intergenerational and transgenerational epigenetic inheritance.

e A knowledge base to help explain to clients how genetics and epigenetics may influ-
ence their living reality as a result of experiences connected to trauma.

2. Genetics

The term genetics originates from the Latin word genesis, meaning “origin,” and was
first coined in 1905 by William Bateson to describe a new scientific field focused on under-
standing heredity (Keynes and Cox 2008). In just over a century since, the modest field
of genetics has grown into a transformative discipline, revolutionizing research (Passarge
2021). Although complex at first glance, the foundations of all genetics is captured in the

‘central dogma of molecular biology’ (Cobb 2017).

Simply put, the ‘central dogma of molecular biology’ denotes a long-standing foun-
dational theory established during the field’s inception that describes the transmission
of genetic information in a biological system rather than a prescriptive or negative form
of dogma. Genetic information flows from double-stranded deoxyribonucleic acid (DNA), to
messenger ribonucleic acid (mRNA), and finally to a functional mature protein (Cobb 2017)
(Refer to Figure 1). Other types of RNA are also transcribed from DNA, but these do not
get translated to protein. To help understand these transitions and structures, it is valuable
to consider the following: (1) What is DNA? (2) What is a gene? and (3) How are genes
expressed? Throughout this discussion, we will use the commonly applied analogy of a
cookbook to make these concepts more digestible (Raz et al. 2019).

DNA is often described as the instruction manual within each cell, containing all the
information essential for development, function, and the maintenance of life (Bell and Dutta
2002; Yuan and Li 2020). DNA can be thought of as a cell’s recipe book that outlines how to
produce anything the cell needs to function correctly. Structurally, DNA is a polymer—a
large molecule formed of repeating units. The repeating units are four types of nucleotides:
adenine, thymine, cytosine, and guanine (often abbreviated, “A, T, C, G”) (Travers and
Muskhelishvili 2015).
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Importantly, the genetic information is not stored in the chemical structure of a nu-
cleotide, but rather in the specific sequence of these nucleotides in the polymer (Travers and
Muskhelishvili 2015). In this sense, the nucleotides (A, T, C, G) can be thought of as letters
in a code, where certain combinations form words that outline instructions like words in a
cookbook. These instructions are grouped into distinct genomic units called genes, which
can be thought of as individual recipes (Pesole 2008). As each recipe produces a specific
dish, each gene contains the instructions to yield a specific final gene product (i.e., proteins,
Figure 1). These final gene products are responsible for carrying out essential functions
which shape one’s traits (e.g., eye color) or also known in scientific terms as the phenotype
(Nachtomy et al. 2007).

Process of Gene Expression in Molecular Biology

m Transcription . W Translation

DNA

Genetic
Information

mRNA Protein

Ehenotypg

Figure 1. Simplified illustration of the transmission of genetic information in a biological system,
known as the central dogma of molecular biology. The RNA can be reverse transcribed and there are
other types of RNA that can be produced (for simplicity, not shown here). Image created in Biorender
(2025) https:/ /BioRender.com/.

The process of gene expression involves two main steps: transcription, which outlines
the flow of genetic information from DNA to RNA, and translation, the process to construct
final gene products using the retrieved RNA instructions (Mercadante et al. 2025). During
transcription, enzymes produce a copy of the genetic information in a gene in the form of
an RNA molecule, also referred to as transcript. The RNA can be messenger RNA (mRNA)
or non-coding RNA (ncRNA) (Refer to Figure 2). Non-coding RNAs, such as microRNAs
or transferRNAs, do not get translated into protein but rather these ncRNAs are themselves
the final product of the gene expression. The role of ncRNAs in gene expression will be
discussed in detail in subsequent sections.

We focus here on messenger RNA (mRNA), as opposed to the other types of RNA
which do not get translated. mRNA can be thought of as a recipe card—a temporary copy
of the recipe from the cookbook or DNA—which will get translated into a protein. Proteins
are one of the four main macromolecules and play an important role in body structure
and function. Much like DNA, proteins are composed of repeating smaller units known as
amino acids, which are a family of 20 distinct but related chemical structures. During the
process of translation, these amino acids are joined side-by-side in distinct, unique, and
sometimes repeating orders, to form the various protein enzymes and structural proteins
in the body (LaPelusa and Kaushik 2025).

Returning to translation, nucleotides can be thought of as letters in a code, where
specific groupings form words that provide instructions—like words on a recipe card. In
the mRNA transcript, each triplet of nucleotides, called a codon, codes for a particular
amino acid. During translation, a cellular structure known as a ribosome reads the mRNA
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transcript and acts as a scaffold to build the protein outlined by the codons. This process is
aided by the transfer RNA (tRNA) molecules which each carry an amino acid that matches a
particular codon. The ribosome matches these tRNAs to each codon in the mRNA transcript
to produce a correctly ordered amino acid chain which gives way to a functional protein.
The entire process thus encompasses the beginning and termination of gene expression
(Figure 3).

C DNA - Genes

Transcription

Messenger RNA Non-Coding RNA
(mRNA) (ncRNA)

C[Dictat

Protein
es Phenotype]

Figure 2. Central Dogma of Biology, illustrating the differences in gene expression between mRNA
and ncRNAs. The crossed out arrow shows that ncRNA is not translated. Image made Biorender
(2025) https:/ /BioRender.com/.

Interestingly, although all cell types in the human body contain the same genetic
information, they are not identical. This is because different genes are turned on and off,
and the level at which each gene is expressed is not the same across cell types (Duncan
et al. 2014). These distinct patterns of gene and consequential protein expression create
unique molecular profiles that give rise to differences in observable characteristics, or
phenotypes, that delineate one cell type from another in a multicellular organism (Barros
and Offenbacher 2009).

Gene expression is regulated by mechanisms that affect how easily cellular machinery
can access DNA to begin transcription, the first step of gene expression (Peaston and
Whitelaw 2006). These regulating mechanisms that do not alter the underlying DNA
sequence itself, but rather only influence its accessibility, are known as epigenetic modifica-
tions (the term “epigenome” was originally coined by Conrad Waddington (Waddington
1942)). To date, a handful of different epigenetic modifications have been identified which
include DNA methylation, numerous histone modifications (acetylation, methylation,
phosphorylation, sumoylation, and more), and non-coding RNAs that interfere with gene
expression (Portela and Esteller 2010). These modifications typically occur in response to
environmental stimuli which allow an organism to adjust the expression of specific traits
without altering the genomic information (Portela and Esteller 2010).
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The language used to describe these differences in genetic information are genome
and epigenome. The genome classically refers to an organism’s complete set of genetic
information, the DNA. The epigenome refers to the collection of modifications to chromatin
(DNA + proteins) that alter gene expression without changing the DNA sequence itself
(Baduel et al. 2024; Murrell et al. 2005). Both the genome, and in some cases, the epigenome
can be passed on to offspring, concepts referred to as genetic and epigenetic inheritance,
respectively (Fitz-James and Cavalli 2022).

?& —» Phenotype
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Figure 3. Illustration of the key events of transcription and translation involved in gene ex-
pression. The arrows represent the flow of genetic information. Image made Biorender (2025)
https:/ /BioRender.com/.

A variety of environmental factors such as stress, diet, and life experiences alongside
cellular and physiological stimuli can encourage epigenetic modifications that alter gene
expression and, in turn, a person’s observable traits or phenotype (Roth 2013). As our
bodies and brains are entirely composed of cells, changes in gene expression can affect
our health, cognition, and behavior. Along these lines, trauma has been proposed to
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elicit changes in the epigenome that may predispose individuals to maladaptive thoughts
and behaviors (Yehuda and Lehrner 2018). Moreover, as these changes act through the
epigenome, ongoing discussion persists on whether epigenetic changes can be passed to
offspring. Such ideas mirror previously disproved theories of evolution that suggested that
organisms could pass down physical traits they acquired in their lifetime to their progeny
(Deichmann 2016). To better understand this possibility, it is important to examine how
epigenetic modifications occur, whether they are permanent, and to what extent they can
be inherited.

3. Epigenetics

As mentioned above, the three main modes of epigenetic modification are DNA
methylation, gene silencing via non-coding RNAs, and histone modifications (Figure 4).
For each of these mechanisms, we will describe (1) how the modification occurs and
(2) how it affects gene expression. While many of these processes involve complex enzymes,
for the sake of this discussion, we can think of these enzymes as helpers that facilitate
the modification.

Starting with DNA methylation, one of the best characterized and most prominent
epigenetic modifications (Moore et al. 2013). Historically, DNA methylation was first
characterized as an epigenetic mechanism in 1975 (Holliday and Pugh 1975; Riggs 1975),
involving the addition of a methyl group (CH3) to specific cytosine nucleotides in the
DNA (Figure 5). This process is completed by enzymes (Gold et al. 1963a, 1963b; Jin and
Robertson 2013). Using the cookbook analogy, DNA methylation can be thought of as
placing a sticky note over certain parts of a recipe in a cookbook, making those instructions
harder, or even impossible, for the chef to read.

Importantly, not all cytosines are methylated, and the effect of methylating depends
on where in the DNA the modification occurs (Dhar et al. 2021; Moore et al. 2013). This
is because different cellular machinery interacts with different regions of the DNA—and
these interactions are influenced by the presence or absence of methyl groups (Dhar et al.
2021). Along these lines, methylation can attract, repel, or have no effect on gene expression
with varying severity (Figure 5).

To extend the cookbook analogy, consider that instead of one chef, there are multiple
chefs, each responsible for different parts of the meal preparation—gathering ingredients,
preheating the oven, cooking, plating, etc. These chefs represent different cellular machinery
involved in gene expression. Each chef also has a different level of vision. Some can see
past the sticky notes and continue as usual; others with poor vision are unable to read
the recipe at all if a sticky note is present; and some chefs with exceptional vision may
even be intrigued by the sticky note and pay extra attention to the recipe, enhancing their
engagement. As such, depending on the cellular machinery, or the chef, the methylation or
sticky note will have a different effect.

To help illustrate the analogy you can consider the promoter region of a gene. A
promoter region is near the beginning of a gene and serves as a site of attachment for the
cellular machinery required to begin gene expression (Dhar et al. 2021). In our analogy,
this region is like the introduction instructions of a recipe that tells the head chef which
sous-chefs are needed to complete a dish. When methylation occurs in the promoter region
of a gene, it often prevents gene expression. Returning to the analogy, since the head chef
has poor vision and cannot see through the sticky note placed on the recipes introduction,
they will fail to recruit the necessary sous-chefs to complete the meal. As a result, the meal
(or gene product) in this case is never made.

Similarly, histone modifications influence gene expression by regulating the accessibility
of the genome. For context, the entire DNA in a single human cell consists of approximately
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six billion nucleotides and when stretched out, measures roughly 2 m in length (Piovesan
et al. 2019). This is remarkable given that the majority of animal cells are 0.000010-0.000020 m
long (Li et al. 2015). This extraordinary packaging is made possible by histones proteins
(Simpson et al. 2025). Histones assemble in groups of eight to form positively charged
complexes, around which short segments of negative charged DNA are wrapped. Together,
this combined structure of eight histones and DNA is referred to as a nucleosome. These
nucleosomes then can undergo further coiling of the DNA to form chromatin, which when
fully compacted is referred to as chromosomes (Simpson et al. 2025).

EPIGENETIC MODIFICATIONS Legend

The environment and genes determine the location
and quantity of epigenetic tags. (not all types shown) Chromosome ‘ Methyl Group
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Figure 4. Summary of the three main modes of epigenetic modification. Histone acetylation typically
increases gene expression in the affected area, while DNA methylation and non-coding RNAs
typically reduce expression of affected genes. Modified from Orton et al. (Orton et al. 2023). Image
made Biorender (2025) https://BioRender.com/.
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Figure 5. The impact of methylation on the affinity of cellular machinery and thereby gene expression.
Cellular machinery involved in gene expression interacts with target genes based on its affinity
(attraction) to that particular region of DNA. This interaction, or affinity, is dependent on the shape of
the interacting pieces. Changes in the shape of a chromatin region occur when DNA is de-methylated
or methylated, which thus changes the attraction of cellular machinery to that region, leading to
decreases or increases in gene expression. Image made Biorender (2025) https:/ /BioRender.com/.

The classic analogy used to illustrate DNA packaging is the “beads on a string” analogy.
In this model, DNA is represented by the string and a group of eight histones is a bead.
A nucleosome is formed when the string is wrapped around a bead. A loosely coiled
string of beads is then considered chromatin, while tightly coiled would be considered
chromosomes (Baldi et al. 2020).

Histones, being proteins, can undergo post-translational modifications that influence
how tightly or loosely DNA is wrapped around them, altering the accessibility of the DNA
(Allfrey et al. 1964; Zhang et al. 2021). Several types of these modifications have been
described in the literature, such as methylation, acetylation, and many more (Liu et al.
2023). Of these, the majority of histone modifications are methylation or acetylation which
tend to decrease and increase gene expression, respectively (Eberharter and Becker 2002;
Shirvaliloo 2022). These modifications can occur anywhere along the amino acid chains of
histone proteins (Mersfelder and Parthun 2006). It is important to distinguish that, in this
context, methylation refers to the attachment of a methyl group to the histone protein, not
to the DNA itself as was the case for DNA methylation.

Generally, histone modifications can affect gene expression in the following two ways:
(1) by altering the binding of non-histone proteins to DNA, or (2) by structurally altering the
nucleosome to expose or hide different regions of DNA (Figure 6) (Lawrence et al. 2016; Liu
et al. 2023). Certain modifications attract or repel non-histone proteins, thereby influencing
their ability to interact with the underlying DNA in gene expression (Liu et al. 2023). Others

https://doi.org/10.3390/socsci15020059


https://BioRender.com/
https://doi.org/10.3390/socsci15020059

Soc. Sci. 2026, 15, 59

90f23

alter the nucleosome structure, making previously hidden genes accessible or conversely,
concealing formerly exposed genes (Lawrence et al. 2016). In short, different modifications can
either promote or inhibit gene expression depending on their nature and context. Importantly,
as a single histone can undergo multiple modifications, the overall effect on gene expression
reflects the combined influence of all the modifications (Zhang et al. 2021).

Impacts on Gene Expression

Modification
]
Modified Non-histone Unmodified
Histone Protein Histone
M?diﬂcation Modification Modification Modlﬁcatlon M°d'ﬁ°at'°“
i I
/ ’
74N \ ﬂ
Promotes Inhibits DNA DNA
Intracellular intracellular Accessibility NoEhangs Accessmlllty

Interactions

Interactions

Figure 6. The impact of histone modifications on gene expression. Histone modifications, such as
acetylation and methylation, cause changes to the shape of the chromatin (DNA + histone proteins)
which changes the way these regions of DNA interact with cellular machinery or vary the DNA
accessibility. Image made Biorender (2025) https://BioRender.com/.

Following suite, non-coding RNAs (ncRNAs) influence gene expression in comparable
ways to histones and DNA methylation, but through varied modes of action (Figure 7).
Although initially overlooked, non-coding RNAs (ncRNAs) are now acknowledged as
important epigenetic regulators of gene expression (Wei et al. 2017). Unlike protein-coding
RNAs, ncRNAs are RNA transcripts that are not translated into protein. Instead, following
transcription they act to regulate gene expression through diverse mechanisms (Lam et al.
2015). New types of ncRNAs continue to be discovered with examples including small
nuclear RNAs, circular RNAs, and many more (Kumar et al. 2020). Given this diversity,
ncRNAs are classically categorized by size into two main groupings: (A) short chain non-
coding RNAs which includes siRNAs, miRNAs, and piRNAs, or (B) long non-coding RNAs
(Wei et al. 2017). Broadly, ncRNAs impact gene expression by (i) directly interacting with
DNA, (ii) binding to cellular machinery (e.g., transcription factors) to prevent or promote
gene expression, and (iii) interacting with mRNA transcripts prior to translation (Kumar
et al. 2020). Since discussing all ncRNAs is beyond the scope of this discussion, we will
focus on microRNAs and long non-coding RNAs, which are among the most characterized
and accessible. Moreover, it is noteworthy that there remains debate amongst epigeneticists
as to the place of ncRNAs in epigenetic transmission,; however, this is beyond the scope of
this work.

MicroRNAs (miRNAs) are short ncRNAs, composed of approximately 22 nucleotides,
typically involved with gene repression (Kumar et al. 2020). While miRNA formation and
function are complex, we will focus on the most relevant aspects. In most cases, a mature
miRNA will regulate gene expression by directly binding with its target mRNA- the target
being the transcript it was designed to regulate (Ipsaro and Joshua-Tor 2015). This binding
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can be either perfect or imperfect, and ultimately leads to suppression of gene expression in
one of two ways: (1) by destroying the mRNA, or (2) by preventing its translation (Ipsaro and
Joshua-Tor 2015). Under certain conditions, miRNAs can also regulate gene expression through
interacting with gene promoters, the coding sequence, and other agents (O'Brien et al. 2018).

DNPDIN
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Short Non-coding RNAs Long Non-coding RNAs

YT
e

siRNA

Crmmmr_mr_m

snoRNA

~

Non-coding RNA

( Interacts with ]

< ¥ o mRNA

DNA ‘ b

Cellular Machinery

vV
Gene Gene
Expression O R Expression
Figure 7. The impact of non-coding RNAs on gene expression. Non-coding RNAs vary structurally

and functionally while interacting with different genomic structures and machinery to either promote
or inhibit gene expression. Image made Biorender (2025) https://BioRender.com/.

In comparison, long non-coding RNAs (IncRNAs), which are approximately 200 nu-
cleotides in length, also play a significant role in gene silencing through mechanisms similar
to their shorter counterparts (i.e., miRNAs) (Mattick et al. 2023). However, IncRNAs have
been described to have a broader role in regulating gene expression (Statello et al. 2021). For
instance, IncRNAs are involved in reorganizing chromatin structure, displacing proteins
involved in transcription, or conversely recruiting particular proteins for gene expression
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(Statello et al. 2021). Through these diverse mechanisms, IncRNAs regulate gene activity,
both activating and deactivating, in direct and indirect means.

Albeit different, all epigenetic mechanisms share a common feature of modifying gene
expression without altering the DNA sequence itself. One cause of these modifications are
environmental factors such as diet, pollutant exposure, stress, and many more (Klibaner-
Schiff et al. 2024). As discussed earlier, there is growing interest as to whether these
environment induced epigenetic changes can be inherited, passing on unbeknownst to
future generations. This idea carries with it significant implications and warrants an
understanding of epigenetics and the plausibility of epigenetic inheritance. With this in
mind, we will now return to the topic of trauma to consider how its effects might be
transmitted to future generations and to address common misconceptions.

4. Trauma and Epigenetics

Currently, there is a wide range of definitions and classifications for trauma based on
the nature of the event, experiences, and/or effects on the affected individual (Contractor
et al. 2020; Isobel et al. 2019a). For the purposes of this discussion, we will use the term
trauma to specifically refer to psychological or mental health trauma. In general, psycho-
logical trauma is understood as a harmful event, series of events, or set of circumstances
that causes significant physical and /or emotional distress, subjective to the individual, that
results in impaired functioning (Feriante and Sharma 2025). Central to this definition is the
emphasis on subjectivity, as trauma can be experienced directly or witnessed second-hand,
as long as the patient considers the experience distressing (Leung et al. 2023).

From a diagnostic standpoint, the Diagnostic and Statistical Manual of Mental health
disorders, 5th edition (DSM-5), defines diagnosable trauma as involving “actual or threat-
ened death, serious injury, or sexual violence” (First 2022, pp. 271-72). As such, this
definition restricts the range of stressful events that can qualify as medically recognized
trauma, a limitation met with both praise and criticism from experts (Pai et al. 2017). Within
this framework, accurately diagnosing trauma relies on the completion of a thorough
history and physical examination to identify any traumatic exposures that may have led to
behavioral, emotional, or cognitive changes (Feriante and Sharma 2025). Importantly, this
process requires a careful and sensitive approach to avoid triggering a traumatic response
when gathering details of a patient’s lived experiences. Beyond exposure history, recogniz-
ing the symptoms commonly observed in trauma is essential for an accurate diagnosis.

Consistent with its broad definition, the ubiquitous nature of trauma is welldocu-
mented. An epidemiological study conducted across 24 countries on six continents reported
approximately 70% of individuals to have experienced at least one traumatic event, and
30% experience four or more traumatic events in their lifespan (Benjet et al. 2016). Similarly,
a previous study found that 76% of survey respondents reported having been exposed to
at least one traumatic event sufficient to cause PTSD (Van Ameringen et al. 2008). Taken
together, these statistics support expert consensus that psychological trauma poses a signif-
icant global public health concern that warrants careful management and prevention at the
individual, communal, and societal level (Magruder et al. 2017). In response to this concern,
researchers have investigated the causes, underlying pathophysiology, and mechanisms of
trauma transmission, the latter of which is the focus in this paper.

Two dominant mechanisms that have been proposed to explain the transmission of
trauma across generations are (1) social/environmental transmission (e.g., parenting styles,
attachment, poverty, discrimination, and lack of resources for social determinants of health,
etc.) and (2) biological (e.g., epigenetic inheritance) (Figure 8) (Isobel et al. 2019b; Kirkbride
et al. 2024; Yehuda and Lehrner 2018).
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Figure 8. Proposed model to explain the role of environmental exposure and sociocultural influence in
the mounting and transmission of trauma between generations. Transgenerational epigenetic trauma
transmission is depicted to occur from epigenetic mechanisms and/or sociocultural transmission.
Image made Biorender (2025) https://BioRender.com/.

Historically, social or behavioral transmission, originating from Freudian psychology,
refers to the spread of vulnerability and maladaptive behaviors between generations through
learned experiences (Isobel et al. 2019b). In particular, this concept is commonly used to
explain relational trauma, which outlines traumatic experiences that take place in the context
of relationships, most notably researched in parent-infant attachment interactions (Amos et al.
2011). Notably, seminal research in the field found that adults with histories of relational
trauma were at an increased risk of transmitting trauma to their children through maladaptive
attachment styles (Fraiberg et al. 1975). Mechanistically, it is thought that a parent’s unre-
solved relational trauma can compromise their ability to sensitively react to their infant’s
needs, increasing the likelihood of the infant developing insecure attachment (Kostova and
Matanova 2024). Over time, unconscious displaced emotions shaped by past trauma can
lead to maladaptive social patterns that are passed down through social learning to future
generations (Isobel et al. 2019a; Barreto-Zarza and Arranz-Freijo 2022).

An important component of social trauma transmission is the environment or external
agents that can (i) increase an individual’s vulnerability to trauma and/or (ii) hinder their
ability to positively cope with their experiences (Scorza et al. 2019). As these conditions
often persist, such environmental influences can be conserved between generations, giving
way to both the development and transmission of trauma over time. Social conditions such
as poverty, discrimination, exposure to violence, limited access to essential services, and a
lack of social support can heighten the risk of trauma and limit its resolution (Scorza et al.
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2019). For example, a child growing up in a high-crime area is more likely to experience
actual or threatened death, serious injury, or sexual violence, the principal criteria for
clinical trauma. Concurrently, limited access to therapy, social services, or community
support can prevent positive coping and the resolution of trauma, increasing the likelihood
that the unresolved trauma will impact future generations. In this way, environmental
factors are intricately intertwined with the social transmission of trauma, as external agents
guide the exposure to and the ability to recover from trauma.

In recent decades, explanations of trauma transmission have increasingly incorporated
biological perspectives including altercations in brain-hormone stress axis, epigenetic
mechanisms, or changes in brain structure (Ramo-Ferndndez et al. 2015). Together, these
biological frameworks offer valuable insight that can inform interventions to reduce the
impact of trauma transmission across generations. Within the broader biological context,
epigenetic inheritance of trauma proposes that trauma-induced epigenetic modifications
can be passed down from parent to offspring in the epigenome (Otterdijk and Michels 2016;
Yehuda and Lehrner 2018).

As interest in epigenetic explanations has grown, the terms intergenerational and
transgenerational have been adopted to describe epigenetic inheritance. However, the
usage of these terms has been inconsistent across the field of psychology and molecular
biology. Specifically, some researchers have used the terms interchangeably (Kostova
and Matanova 2024), while others have distinguished the two on a basis of whether the
epigenetic modification was acquired directly through environmental exposure or indirectly
through the germ line (Horsthemke 2018; Pang et al. 2017; Perez and Lehner 2019). As a
result, this inconsistent terminology has complicated scholarly discourse and contributed
to misinformation.

To reduce this confusion, this work clarifies the difference between both terms
(Figures 8 and 9). In brief, intergenerational epigenetics refers to epigenetic modifications
that occur in both the parent and offspring following direct exposure to an environmental
factor (Pang et al. 2017). A common example is prenatal alcohol exposure, in which both
the fetus and the fetus’ developing ovaries are directly exposed to ethanol. Consequently,
the epigenetic modifications observed in both the child and their eventual offspring would
be considered intergenerational epigenetic inheritance.

In contrast, transgenerational epigenetic inheritance refers to transmission of epige-
netic modifications that could not have resulted from direct environmental exposure (Perez
and Lehner 2019). Instead, these epigenetic modifications must be passed down through
the germline, inherited directly from the parent’s epigenome in light of the absence of
a continued environmental exposure (Horsthemke 2018). Accordingly, to be considered
true transgenerational epigenetic inheritance, both the altered phenotypes and epigenetic
modifications must be observed in a generation that is one or more generations removed
from the originally exposed individual (Perez and Lehner 2019).

Currently, there is substantial evidence supporting trauma-mediated intergenerational
epigenetic inheritance, but evidence for transgenerational inheritance of trauma remains
limited (Heard and Martienssen 2014; Horsthemke 2018; Yehuda et al. 2018). This limitation
largely reflects the challenge of demonstrating that an epigenetic marker was truly inher-
ited, rather than being acquired from repeated environmental exposure. This is further
complicated by the impact of social and cultural transmission, which are difficult to control
in human studies.

Reflecting on the literature, a large body of research is dedicated towards character-
izing generational trauma through the lens of major collective historical traumas. While
this paper does not aim to provide a comprehensive review of that literature, we will
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present prominent examples to demonstrate the tangible impact of trauma transmission
and methodological challenges involved in this work.

Exposure (e.g. Alcohol)

FO F1 F2
Mother Daughter Egg in Ovary

Intergenerational Epigenetic Transmission

FO F1 F2
Mother Daughter Egg in Ovary

Figure 9. Proposed mechanism of intergenerational epigenetic trauma transmission. The image illus-
trates how a single environmental exposure can cause epigenetic changes across multiple generations,
without actual epigenetic inheritance—in other words, the epigenetic changes are directly acquired
as opposed to inherited from F0. Image made Biorender (2025) https://BioRender.com/.

One area of extensive investigation has been the transmission of trauma among
Holocaust survivors and their descendants. While the majority of the early research in
this field has focused on social mechanisms of trauma transmission, more recent work has
begun to explore the plausibility of biological transmission. Focusing on social transmission,
a 2019 systematic review reported a higher incidence of mental health problems in children
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with both parents as holocaust survivors compared to those with only one survivor as a
parent (Dashorst et al. 2019). This aligns with broader findings suggesting that historical
trauma can impact families for up to three generations, manifesting as emotional and
psychological disorders, and altered perceptions of self and traumatic stress (Giladi and
Bell 2013; O’Neill et al. 2018).

Importantly, conflicting findings in the literature exist. Some studies have reported no
clear association between the psychological and physical distress experienced by Holocaust
survivors and that of their children (Letzter-Pouw and Werner 2013). These contradictory
findings have been criticized for potential sampling bias. Specifically, systematic reviews
indicate that the impact of parental PTSD on offspring outcomes may vary depending
on whether the trauma is transmitted through the father, mother, or both (Dashorst et al.
2019). As such, sampling bias in certain studies has been proposed to contribute to non-
significant findings. Overall, the current evidence suggests that trauma may be embedded
into collective memory and perpetuated via sociocultural mechanisms (Isobel et al. 2019b).

On the other hand, an increasing number of studies have begun to investigate the
biological mechanisms of trauma transmission particularly in the context of Holocaust
survivors. One area of focus is the hypothalamic-pituitary-adrenal (HPA) axis, the cen-
tral biological system regulating the stress response, which has been found to function
differently in Holocaust survivors (Bierer et al. 2020). The HPA axis involves a cascade of
hormonal and neuronal responses that activate a stress response (Herman et al. 2016). A
key hormone in this process is cortisol, a glucocorticoid, which is elevated during stress
responses (Herman et al. 2016).

In the general population, increased DNA methylation of the FKBP5 gene, which
encodes a cortisol related protein, has been shown to be associated with elevated cortisol
and thereby stress (Naumova et al. 2016). Building on this, Yehuda et al. found that
Holocaust survivors exhibited increased levels of DNA methylation for FKBP5 compared
to control subjects (Bierer et al. 2020; Yehuda et al. 2016). However, their offspring showed
decreased methylation of the same gene relative to the control group.

This pattern of inheritance challenges the current understanding of the epigenetic in-
heritance of trauma. If the effect of trauma were directly transmitted through the epigenome
we would expect elevated methylation in both the survivors and their offspring. Con-
versely, if no epigenetic transmission took place, the offspring’s methylation pattern should
have matched the control. Neither outcome was observed, indicating a more complex
interaction may be responsible for the observed trend. While the role of epigenetics cannot
be ruled out, findings such as these underscore the need for further investigations to clarify
the role of epigenetics in trauma transmission.

It is evident that the mechanisms underlying trauma transmission are complex and
multifaceted, with multiple areas requiring further characterization from both a socio-
cultural and epigenetic perspective. This complexity highlights the need to incorporate
sociocultural, environmental, and biological perspectives into trauma-informed care. Such
an approach will enable social workers to better understand the needs of their clients,
empower clients to make accurate assessments of their own experiences, and encourage the
development of holistic and effective interventions. As no single explanation is sufficient
to account for trauma transmission alone, embracing humility by incorporating multiple
perspectives and recognizing the limitations of each will encourage effective social work.

5. Implications for Social Work

Intergenerational and transgenerational trauma are profound issues within the social
work profession and its intersection with clients. In Canada, this is particularly seen
with indigenous communities following colonization, the Indian Residential Schools, the
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over-representation of Indigenous children in child welfare’s care, over representation of
Indigenous peoples in carceral systems; all of which was well documented in the 2015
report of the Truth and Reconciliation Commission (Truth and Reconciliation Commission
of Canada 2015). These issues are also seen in other population groups, such as refugees
and racialized populations who have been subject to multi-generational systemic biases, as
described by American author Dorothy Roberts (Roberts 2023). At the time of this writing,
there are multiple other conflicts around the world (e.g., Sudan, Gaza, Ukraine) where inter-
and trans-generational impacts are likely to arise (Stares 2025). The topic of the epigenetic
inheritance of trauma is vital so that client stories across generations can make sense in a
current context. For example, there are those who may feel that the past traumas within
the family and communal systems are biologically determinative of negative expectations
for themselves. In this paper, we have explained why this need not be the case, given that
it is not evidence-based.

To summarize, sociocultural mechanisms suggest that trauma can be transmitted
through learned experiences or maladaptive behaviors formed in response to trauma. In
contrast, biological mechanisms propose anatomical or physiological origins that can be
directly inherited by offspring. Ultimately, however, examining the evidence for each
model demonstrated that no single model is sufficient to capture the entire complexity of
trauma transmission to date. Such insights underscore the need for applying an integrated
holistic approach to trauma-informed care that draws and creates from both sociocultural
and biological perspectives.

Taking a step back, it is essential to recognize the widespread nature of trauma
exposure globally, its harmful effects, and the pressing need for modes of intervention
(Olff et al. 2025). Psychotherapy experts have shown that any exposure to traumatic stress
during childhood increases the risk of adverse health outcomes across multiple domains
(Assari 2020). These include post-traumatic stress disorder, complicated grief, anxiety
disorders, substance use disorders, sleep disturbances, neurobiological changes, and many
more (Olff et al. 2025). To complicate matters further, the impact of traumatic exposure
appears to be dose-dependent, with instances of greater exposure associated with worsened
outcomes. These outcomes are often multiple and comorbid, underscoring the importance
of comprehensive trauma screening (Haering et al. 2024).

Experts increasingly view trauma as a public health challenge, given its complex
and unequal associations with socioeconomic status and the justice system (Magruder
et al. 2017). Despite ongoing efforts to address disparities, trauma continues to dispro-
portionately affect marginalized and low-income populations, reinforcing patterns of
socioeconomic inequality (Abedzadeh-Kalahroudi et al. 2018). Researchers have identified
persistent socioeconomic disparities in trauma incidence, trauma-related mortality, trauma
care, and other related outcomes, with individuals with low SES consistently placed at a
disadvantage (Abedzadeh-Kalahroudi et al. 2018).

Similar structural inequalities are also evident in the justice system, where justice-
involved individuals experience higher rates of traumatic exposures across both childhood
and adulthood (Jaggi et al. 2016). Although the complex relationship between trauma and
the legal system is increasingly acknowledged, punitive approaches continue to dominate
over rehabilitative techniques (Mazher and Arai 2025). This emphasis on correctional pun-
ishment may perpetuate harm and hinder meaningful reform for incarcerated individuals
(Borschmann et al. 2024). To elaborate, the power dynamics inherent in the justice system
can mirror past experiences of powerlessness, thus increasing the risk of re-traumatization
(Cogan et al. 2025). Furthermore, the hostile nature of the prison environment characterized
by frequent exposures to aggression, violence, restraints, bullying, and other malicious
factors can expose or re-expose individuals to trauma, compounding on prior traumas.
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This again underscores the inherent complexity of trauma and the challenges of parsing
out the role of epigenetic mechanisms of trauma transmission (both intergenerational and
transgenerational) within the context of persistent social and structural inequalities.

The urgent need for new strategies to address trauma as a public health crisis has led to
the development of trauma-informed care. This approach seeks to transform organisational
practices by replacing interventions that exacerbate the detrimental effects of previous
traumas with those that foster resilience and recovery (Bunting et al. 2019). To support this
goal, advocates have developed care models that promote holistic and responsive treatment
for individuals affected by trauma. These models equip social workers and healthcare
professionals to assist individuals in healing from traumatic experiences while minimizing
the risk of re-traumatisation (Bunting et al. 2019). Along these lines, trauma-informed
care offers a vital opportunity to center client needs and enables social workers to make
meaningful and lasting impacts on clients and their families.

To support social workers in this end, this work offered a clear and concise explanation
of trauma transmission, with a particular focus on epigenetics. This was motivated by
the widespread misinformation in popular media around the epigenetic inheritance of
trauma, which required clarification (Orton et al. 2023). In addressing this, we aimed to
empower social workers with a more integrated understanding of trauma, enabling holistic
approaches in procedures, practice, policies, etc.

A key leader in advancing trauma-informed care is the Substance Abuse and Mental
Health Services Administration (SAMHSA), which has operationally defined trauma-
informed care based on four core principles: (A) understand the impact of trauma on the
individuals and communities served, (B) recognizing the characteristic symptoms of trauma,
(C) adapting practices to be trauma-informed, and (D) preventing the re-traumatization of
patients receiving care (Grossman et al. 2021). In light of these foundational principles, a
holistic understanding of trauma transmission inclusive of both biological and sociocultural
perspectives can help social workers more effectively meet these criteria.

As a reminder, this paper reviewed both the epigenetic and sociocultural perspectives
on the inheritance of trauma and highlighted the inadequacy of each model when consid-
ered in isolation. In suite, a more comprehensive understanding was proposed to emerge
from integrating both perspectives, which arguably is better suited at the achievement of
a trauma-informed approach. Consider the following benefits on understanding trauma,
adapting practices, and preventing re-traumatization from said perspective.

To begin, considering both sociocultural and epigenetics perspectives offers a more ac-
curate and nuanced understanding of how the environment influences trauma transmission.
This integrated view acknowledges the role of both social learning and the still-emerging
role of biological changes in transmitting trauma between generations. This provides a
balanced framework that empowers clients to consider possible biological influences while
recognizing the contribution of sociocultural influences that are context-dependent and not
determinative of future outcomes. Such an understanding can help social workers consider
both biological and cultural factors contributing to trauma in an individual and their as-
sociated community, allowing for a more comprehensive coverage of possible impacting
factors. Furthermore, communicating this perspective to clients can aid in the processing of
their trauma, overcoming feelings of fatalism, and promoting agency in their healing.

Moreover, adopting an integrated framework in social work can enhance the quality
of trauma-informed care which is consistent with long standing models in social work such
as Bronfenbrenner’s Person in Environment model (Bronfenbrenner and Morris 1998). To
clarify, trauma-informed care involves tailoring the supports and resources provided to
each client to minimize the risk of re-traumatization. Achieving this goal depends on two
key elements: (1) identifying and understanding the types of trauma impacting clients (i.e.,
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individual, interpersonal, communal) and (2) identifying and understanding any historical
or collective traumas that have shaped the client’s health (Grossman et al. 2021). Insights
from these elements help social workers construct provider-patient relationships that avoid
sociocultural dynamics associated with a client’s past traumatic experiences.

This approach can be further strengthened by incorporating an epigenetic perspective
that emphasizes the impact of environmental factors such as poverty, abuse, and violence in
trauma. Integrating this understanding into one’s practice can better equip social workers
to identify and address environmental contributors to a client’s trauma. This poses benefits
in the form of facilitating the fostering of supportive environments for care provision to
clients and educating clients on the impact and risks associated with remaining in exposure
to harmful stimuli. Together, the insights from a combined model can contribute to more
holistic and effective social work practice.

In light of these proposed benefits, we encourage social workers to reflect on the
following guiding questions when assessing, treating, and evaluating clients suffering from
trauma. The questions are listed in order of progression from understanding to applying
trauma-informed care:

e  What sociocultural and environmental factors have contributed to the client’s individ-
ual, interpersonal, and communal traumatic experiences?

e  How canl tailor the care I provide to minimize the risk of re-traumatization, given the
specific factors implicated in the client’s trauma?

e  How can I counsel and support the client on avoiding exposure to trauma-triggering
factors as a means of preventing re-traumatization?

e  How can I help the client understand the modifiable nature of sociocultural and environ-
mental influences to support a shift from deterministic thinking to non-fatalistic thinking?

Recognizing how environmental factors influence trauma transmission through socio-
cultural and biological mechanisms can strengthen social worker’s ability to advocate for
the affected. This work provided a summary of evidence-based explanations for trauma
transmission which offers a strong rationale for justifying the need for systemic social
reforms. Factors such as poverty, racism, and inadequate access to social determinants of
health play an integral role in perpetuating harmful social learning or possibly contribut-
ing to maladaptive epigenetic changes. Regardless of the specifics, a holistic framework
supports the development and implementation of interventions that reduce exposures to
these risk factors in vulnerable populations. Thus, with this understanding, social workers
are equipped to propose and advocate for social changes at the individual, community, and
systemic level that limit exposure to risk factors or provide assistance to those most at risk.

6. Conclusions

Social workers are uniquely positioned to share their understanding of trauma with
clients in a compassionate way that empowers individuals, families, and communities.
This role is especially important given the widespread misinformation in popular media
portraying trauma as an unbreakable cycle entrapping generations through unchangeable
epigenetic modifications. Such narratives harmfully reinforce fatalism in traumatized
patients and risk promoting unfounded ideas. In response to such fallouts, social workers
can play a critical role in dispelling these misconceptions and empowering clients to
recognize that many of the risk factors involved in trauma can be changed for future
generations. By offering an accurate depiction of trauma transmission, social workers not
only impact clients but the broader circle of friends, families, and communities affected
by similar experiences. Understanding the biology of epigenetics can be daunting for a
non-science expert and this review aims to break it down into learnable content.
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A review of the literature reveals a clear need to strengthen the connection between
psychology and genetics to better characterize the mechanism of trauma transmission. This
area of improvement is based on the following two observations: (1) neither discipline
alone can capture the full complexity of trauma transmission in human populations, and
(2) research in each field is commonly limited by confounding factors rooted in the other.
To address these challenges, integrating perspectives from both psychology and molecular
science can (i) facilitate the design of more methodological sound studies, (ii) enable more
holistic interpretations that account for both psychological and biological dimensions, and
(iii) inform balanced trauma-informed policies. Ultimately, the complexity and nuance of
the human experience demand a multifaceted approach that can only be achieved through
the collaboration of these fields.
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