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Abstract 

Violence against women is a pervasive global issue with profound impacts on victims’ well-being, extending across cultural boundaries. 
Besides immediate physical harm, it triggers mental health consequences such as post-traumatic stress disorder (PTSD). Indeed, it is 
the trauma experienced during a violent event that can lead to epigenetic modifications, ultimately contributing to the onset of PTSD. 
While research on the epigenetic effects of trauma initially focused on war veterans and disaster survivors, there is a dearth of studies 
on violence against women. In this article, we performed a systematic review aimed to fill this gap, examining existing studies on the 
epigenetic impact of violence on women. The review assessed sample sizes, study validity, and gene-specific investigations. Currently, 
there is insufficient data for a comprehensive meta-analysis, highlighting a nascent stage in understanding this complex issue. Future 
research is crucial for deeper insights into the epigenetic mechanisms related to violence against women, contributing to improved 
interventions and support healthcare systems for affected individuals.
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Introduction
Violence against women is a pervasive and alarming health 
and social issue, with profound repercussions on the well-
being of victims. This global phenomenon extends its dark 
reach across geographical and cultural boundaries, leaving an 
indelible mark on the fabric of societies. In the context of 
the European Union, it is disconcerting to acknowledge that 
a significant proportion of women, estimated to be at least 
one in three, have experienced some form of violence. Also, 
the World Health Organization reports that ∼30% of women 
worldwide have experienced some form of violence, with seri-
ous consequences on their physical and psychological health 
[1]. Shockingly, a recent observational study suggests that 
this prevalence could be even higher, reaching a staggering
51.7% [2].

The main types of violence against women can be generally 
classified into sexual violence and intimate partner violence (IPV). 
Sexual violence is ‘forcing or attempting to force a partner to par-
ticipate in a sexual act, sexual contact, or nonphysical sexual 
event (e.g. sexting) when the partner is not or cannot be con-
senting’. IPV is ‘the abuse or assault that occurs in a romantic 
relationship’. The term ‘intimate partner’ refers to both current 

and former spouses and dating partners and can include physical 
violence, sexual assault, stalking, and economic and psychological 
violence [3].

Beyond the immediate physical harm inflicted, violence against 

women has far-reaching consequences [4–6], delving into the 

realm of mental health. The traumatic nature of these events 

often propels victims into the throes of post-traumatic stress 

disorder (PTSD), a debilitating condition that disrupts their psy-

chological well-being [7].

Extensive research highlights how traumatic experiences can 

impact the epigenetic level, causing changes in genome regulation 

and gene expression [8, 9]. This process allows the body to respond 

to trauma by activating defence mechanisms. However, when 

these mechanisms malfunction, it can lead to the development 
of PTSD and similar disorders.

The relationship between trauma and epigenetics is a complex 
mechanism, where genes adapt to environmental stressors. The 
resulting genomic changes not only influence immediate stress 
responses but also contribute to long-term effects on mental 
health [10, 11]. Understanding these molecular processes provides 
insight into the intricate connection between experiences and the 
regulation of our genetic material.
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Initial investigations into the epigenetic responses to traumatic 
events primarily centred on war veterans [12] and survivors of 
natural disasters [13], with subsequent attention given to Holo-
caust/genocide survivors [14, 15]. These studies initially concen-
trated on examining DNA methylations and later expanded their 
scope to include the exploration of microRNAs [16] and histone 
proteins [17]. Furthermore, numerous studies employing animal 
models are documented in the literature, demonstrating signifi-
cant advantages for the investigation of brain cells. Research on 
gene deregulation following PTSD in these models consistently 
indicates a potential role for the corticotropin-releasing hormone 
pathway [18, 19]. However, there remains a notable scarcity of 
research on epigenetic modifications stemming from experiences 
of violence against women.

On these premises, we conducted a systematic literature 
review to examine the existence of relevant studies and assess the 
current situation on the relation between gender violence against 
women and epigenetic modifications. Our primary aim was to 
identify studies that explore the epigenetic impact of traumatic 
experiences related to violence in adulthood and highlighting the 
specific genes under scrutiny. Additionally, we examined the sam-
ple size and validity of the studies, uncovering critical issues that 
emerged during our assessment.

Searching strategy
The research was carried out on the scientific literature between 
January 2001 and November 2023 in the online databases of 
PubMed, Scopus, and Web of Science (WoS). The types of study 
objects of interest were original articles, review articles, book 
chapters, conference papers, editorial materials, proceeding 
papers, and meeting abstracts. The PubMed database search was 
performed by using the following search string: (‘sexual vio-
lence’ OR ‘sexual assault’ OR ‘rape’ OR ‘sexual abuse’ OR ‘intimate 
partner violence’) AND (‘epigenetics’ OR ‘DNA methylation’ OR 
‘histone modification’ OR ‘epigenetic regulation’ OR ‘epigenetic 
changes’ OR ‘Micro RNA’).

We conducted the search on Scopus by entering the follow-
ing search terms: ‘sexual violence’, ‘sexual assault’, ‘rape’, ‘sexual 
abuse’, and ‘intimate partner violence’ and combined them with 
the operator ‘OR’. Then, we performed a new search by insert-
ing the following terms: ‘epigenetics’, ‘DNA methylation’, ‘histone 
modification’, ‘epigenetic regulation’, ‘epigenetic changes’, and 
‘Micro RNA’ and combined them with the operator ‘OR’. We set 
‘title-abstract-keywords’ as the tag field. Finally, we combined the 
results of the two searches with the ‘AND’ operator. The search on 
WoS was conducted similarly to the search on Scopus, the only 
difference being that we entered ‘title-abstract’ as the tag field.

Since only published data were considered, the current 
research project was exempt from institutional review board 
approval.

We performed a preliminary skimming independently: each 
author read the abstracts of the articles found and identified those 
they considered useful for the review. At the end of the preliminary 
evaluation procedure, the authors discussed the various articles, 
debating the suitability of the individual papers. At the end of the 
selection phase, the authors read all the articles in order to collect 
the data for the review.

Selection criteria
The research initially provided 681 results. Specifically, 89 articles 
were found in PubMed, 233 in Scopus, and 359 in WoS. We made 

an initial preselection by removing duplicate articles (n = 232), arti-
cles not written in English (n = 4), and articles for which the full 
text was not available (n = 3). We then read the abstracts of the 
remaining 442 articles in order to identify articles suitable for 
reading the full text. At this stage, we decided to include only 
those articles that specifically explored epigenetic modifications 
in adult female victims of violence and removed articles on female 
victims younger than 18 years. After reading the abstracts, we 
excluded 391 articles as not relevant to the purposes of the review. 
Specifically, 215 articles were related to areas completely unre-
lated to the topic of interest (e.g. epigenetics on rape seed and 
forensic techniques for epigenetic analysis), 33 articles discussed 
the epigenetic modification of stress-related psychiatric disorders 
without explicitly addressing violence, and 190 articles discussed 
the epigenetic modification in children and adolescent victims of 
violence.

We then proceeded to read the full text of the remaining four 
articles that were included in the final review. To conduct this sys-
tematic review, we adhered to the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses guidelines [20].

Quality evaluation
The Scale for the Assessment of Narrative Review Articles (SANRA) 
[21] was employed for the quality check of the selected studies. 
The overall quality was determined as poor (score 0–6), moderate 
(7–9), and excellent (10–12). The four articles were found to be of 
excellent quality. The results of the SANRA are reported in Table 1.

Figure 1 illustrates the article selection process.

Summary of article pool
The search identified four articles suitable for inclusion in the 
review. All four articles were published between 2018 and 2023. 
The socio-environmental and cultural background of the articles 
was Europe and South Africa. Regarding the types of articles, 
they were original research articles in which the authors con-
ducted an analysis to discover the epigenetic signature of violence 
against women. Table 2 summarizes the main characteristics of 
the reviewed articles.

Statement on the utilization of generative AI 
software
No data or contents in this article were generated by AI. All infor-
mation was manually written and discussed by the authors. To 
enhance fluency, syntax, and grammar, DeepL, ChatGPT 3.5, and 
Grammarly (free version) were used exclusively for text editing. 
Additionally, the meaning of each sentence was double-checked 
by all authors. In cases of discrepancies, the original version was 
restored.

Results
Existing research highlights a significant gap in the investigation 
of epigenetic modifications specifically related to violence against 
women and the subsequent psychological disorders. The avail-
able literature predominantly concentrates on potential epige-
netic alterations in child/adolescent victims of violence, neglect-
ing the adult population. Out of the articles addressing the issue, 
only a limited number, precisely four, deal specifically with epi-
genetic changes in the adult population. However, these studies 
employ various analytical approaches, and their focus is limited 
to the methylation aspect of the epigenetic mechanism.
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Table 1. The SANRA score for the quality assessment of selected studies for the review.

Reference 
and year of 
publication

Justification of the arti-
cle’s importance for the 
readership

Statement of concrete 
aims or formulation 
of questions

Description of 
the literature 
search Referencing

Scientific 
reasoning

Appropriate 
presentation 
of data Total score

Checknita et al., 
2018 [22]

2 2 1 2 2 2 11

Checknita et al., 
2022 [23]

2 2 1 2 2 2 11

Nöthling et al., 
2021 [24]

2 2 2 2 2 2 12

Piccinini et al., 
2023 [25]

2 2 2 2 2 2 12

Figure 1. Review search strategy.

Checknita’s research group conducted two studies [22, 23], both 
focused on the investigation of the methylation patterns of the 
gene responsible for MAOA, together with instances of violence 
against women.

MAOA catalyses the oxidative deamination of amines, such as 
dopamine, norepinephrine, and serotonin. This enzyme regulates 
normal synaptic function in the brain and is also expressed in car-
diomyocytes as part of the stress response. Alterations in MAOA 
expression are associated with behavioural and neurological dis-
orders [26–30].

The initial study, carried out in 2018, involved a sample 
of 114 women, 65 of whom had experienced sexual assault 
and/or physical violence during childhood. Additionally, there 
were 26 cases of sexual assault only. The average age of par-
ticipants was 22 years, and DNA was extracted from the saliva 
samples. Interestingly, it was found that in women who had 
been raped, the MAOA gene exhibited hypermethylation in the 
first exon. The limitations of this study are the small sample 
size and that women experienced physical violence during their
minor age.
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Table 2. Summary of the content of the four articles included in the review.

Reference 
and year of 
publication

Socio-environmental 
context

Type of 
article Title

Number and 
types of cases Overall results

Checknita et al., 
2018 [22]

Europe Research 
Article

Associations of 
MAOA gene first 
exon methyla-
tion with sexual 
abuse and cur-
rent depression 
in women

Sample contain-
ing 114 women 
with 65 child-
hood physical 
abuse/sexual 
abuse and 26 
only sexual 
abuse (age range 
median 22 years)

• Single-gene methylation level analysis 
(MAOA) on saliva.

• Sexual abuse was associated with 
hypermethylation of MAOA exon.

• Small sample and lacked a distinction 
between different types of violence.

• The study does not specify the time 
elapsed between violent events and 
analysis.

Checknita et al., 
2022 [23]

Europe Research 
Article

Associations of 
age, sex, sexual 
abuse, and geno-
type with MAOA 
gene methylation

Sample con-
taining 252 
women with 64 
cases of sexual 
abuse (age range 
15–62 years)

• Single-gene methylation level analysis 
(MAOA) on saliva.

• Methylation levels were slightly 
increased in women who experienced 
sexual abuse.

• Small sample and lacked a distinction 
between different types of violence.

• The study does not specify the time 
elapsed between violent events and 
analysis.

Nöthling et al., 
2021 [24]

South Africa Research 
Article

Genome-wide 
differentially 
methylated genes 
associated with 
posttraumatic 
stress disorder 
and longitudinal 
change in methy-
lation in rape 
survivors

Sample contain-
ing 96 women 
exposed to sex-
ual violence 
(age range 
18–40 years)

• Epigenome-wide analysis with validation 
of BRSK2 and ADCYAP1 and 6 months 
follow-up on peripheral blood.

• One differentially methylated CpG site 
and 34 differentially methylated regions 
were associated with PTSD status.

• Decreased BRSK2 and ADCYAP1 methyla-
tion may be associated with more severe 
PTSD.

• Small sample with only raped subjects.
• The study does specify the time elapsed 

between violent events and analysis.
Piccinini et al., 

2023 [25]
Europe Research 

Article
Violence against 
women and 
stress-related 
disorders: seek-
ing for associated 
epigenetic sig-
natures, a pilot 
study

Sample con-
taining 112 
women with 62 
cases of sexual 
abuse (age range 
18–65 years)

• Ten-gene methylation level analysis 
(ADCYAP1, BDNF, CRHR1, DRD2, FKBP5, 
IGF2, LSD1/KDM1A, NR3C1, PRTFDC1, 
SLC6A4) on peripheral blood.

• Violence against women was associated 
with hypermethylation of BDNF, DRD2, 
and IGF2.

• Pilot study and small sample.
• A distinction between types of violence 

is present.
• The study does specify the time elapsed 

between violent events and analysis.

The second study, published in 2021, followed similar meth-
ods to the first one. It involved a larger sample of 252 women, 64 
of whom had reported sexual abuse, spanning ages 15–62 years. 
Once again, DNA was extracted from the saliva samples. The 
results of this study mirrored those of the previous one, indi-
cating a slight increase in methylation levels in both exons and 
introns of the MAOA gene in women who had experienced sex-
ual violence. However, the low number of participants remained 
a significant limitation. Furthermore, both studies undertaken by 
Checknita’s research group fall short in providing a clear differen-
tiation between distinct types of violence, such as sexual assault 
and IPV. Additionally, there is no specification regarding the time 
elapsed between the occurrence of the violent events and the 
subsequent analysis.

The 2021 study by Nöthling et al. [24] examines the epi-
genetic mechanism of methylations but employs a distinct 
analytical approach. Specifically, it investigates alterations in 

methylation patterns among victims of violence, analysing the 
entire genome 3 months after the traumatic event. Follow-
ing gene verification, the study validates the brain-specific ser-
ine/threonine-protein kinase 2 (BRSK2) and ADCYAP1 genes, show-
casing the methylation trends of these genes over the subsequent
6 months.

BRSK2 facilitates various functions, such as Adenosine Triphos-
phate (ATP) binding, ATPase binding, and protein kinase activ-
ity. It is crucial for neuron polarization and axonogenesis, cell 
cycle progression, and insulin secretion [31]. This enzyme is 
highly expressed in the hippocampus and is associated with PTSD 
and memory formation [32]. Changes in BRSK2 methylation and 
expression can impact the levels of PTSD-related neurotransmit-
ters [33]. It is also expressed in pancreatic cells, and its dereg-
ulation could be related to abnormal blood glucose levels with 
increased risk of diabetes and cardiovascular disorders in PTSD 
[34].
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The protein product of ADCYAP1 is pituitary adenylate cyclase-
activating polypeptide (PACAP), which acts as a key regulator of 
the Hypothalamic–pituitary–adrenal axis and the stress response. 
PACAP stimulates the release of corticotropin-releasing hormone 
in the hypothalamus and promotes the release of catecholamines 
in the adrenal medulla and catecholamine-synthesizing enzymes 
(Phenylethanolamine N-methyltransferase and Tyrosine hydrox-
ylase) [35]. Elevated PACAP levels in the blood are linked to the 
most severe PTSD symptoms and appear to increase activity in 
the amygdala and hippocampus in individuals with PTSD [36].

The study enrolled a cohort of 96 subjects who experienced 
sexual violence in the 20 days preceding the baseline visit, aged 
between 18 and 40 years, with efforts made to maintain a homo-
geneous ethnical sample. Additionally, the study aimed to include 
subjects both diagnosed with PTSD and those without, enhanc-
ing the exploration of differences at the epigenetic level. DNA 
analysis was conducted on peripheral blood. The results, obtained 
through a comprehensive genome-wide approach, identified one 
differentially methylated CpG site and 34 differentially methy-
lated regions associated with PTSD status 3 months post inci-
dent. Subsequent analyses revealed a decrease in BRSK2 methy-
lation levels in the presence of PTSD, with a more pronounced 
decrease correlating with greater symptom severity. Although this 
result was validated, replication was unsuccessful. Conversely, 
the reduction in ADCYAP1 methylation levels was observed in 
the presence of PTSD but remained unvalidated and unrepli-
cated. The study acknowledges limitations, particularly the small 
participant size affecting statistical significance. Additionally, 
the importance of replicating the results in subsequent stud-
ies is emphasized to ensure the robustness of the observed
trends.

The study conducted by Piccinini et al. [22], published in 
2023, investigated the methylation patterns of 10 candidate genes 
(ADCYAP1, BDNF, CRHR1, DRD2, FKBP5, IGF2, LSD1/KDM1A, NR3C1, 
PRTFDC1, and SLC6A4) associated with stress-related disorders, as 
PTSD, in women exposed to IPV and sexual violence. The research 
involved 112 women aged 18–65 years, including 62 subjected to 
violence (13 to sexual violence and 49 to IPV). DNA was extracted 
from blood samples collected at the antiviolence centre, with clear 
knowledge of the time gap between the violent event and collec-
tion. The initial design involved a follow-up for monitoring the 
epigenetic changes in the following months, but high participant 
dropout led to its abandonment. The pilot study suggests hyper-
methylation in BDNF, DRD2, and IGF2 in female violence victims 
(both sexual and IPV).

The BDNF gene, which encodes brain-derived neurotrophic fac-
tor, is a key growth factor and regulator of synaptic transmission 
and neuroplasticity. It plays a role in stress response, learning, and 
memory [37]. Increased methylation of this gene is stress related 
and has been observed in individuals with PTSD [38].

The DRD2 gene encodes the dopamine receptor D2 protein. 
Studies have shown that sexual violence can increase the methy-
lation of DRD2, potentially reducing dopaminergic activity at D2 
receptors. This suggests a persistent epigenetic modification at 
this gene locus following sexual abuse [39].

IGF2 is a gene regulated by genomic imprinting that encodes 
insulin-like growth factor 2, a key regulator of fetal and placen-
tal growth. Additionally, IGF2 influences various brain functions 
including memory, depression, and autism [40] and impacts the 
expression of BDNF [41]. Changes in IGF2 expression have been 
observed in individuals with PTSD [42]. However, the small sample 
size limits the statistical significance of the results.

Discussion
Research on the epigenetic mechanisms of violence against 
women is still an emerging field, marked by a scarcity of com-

prehensive studies. However, the significance of this work lies not 

only in analysing current findings but also primarily in raising 

awareness about the necessity of understanding the epigenetic 

impacts of violence. In this context, our inquiry aims to lay the 

groundwork for future investigations as we recognize the cru-

cial importance of delving into these mechanisms to enhance 

therapies and promote a more empathetic and personalized care 

perspective for survivors.
Addressing violence against women necessitates a compre-

hensive approach that goes beyond immediate intervention. It 

involves not only treating the visible wounds but also providing 
long-term support for the psychological and physical recovery of 
survivors. Recognizing the medical dimensions of this issue is 
imperative for healthcare professionals, policymakers, and soci-
ety as a whole to work collaboratively towards eradicating this 
pervasive problem and promoting the full holistic well-being of 
women.

The widespread issue of violence against women is progres-

sively recognized as a significant medical concern, given its pro-

found and enduring impact on women’s health across the short-, 
medium-, and long-term durations. This multifaceted problem 
not only inflicts immediate physical injuries but also engen-
ders a cascade of adverse health outcomes that persist over 
time. Violence against women has immediate consequences caus-
ing physical trauma such as injuries, fractures, and contusions. 
Beyond visible injuries, there are hidden psychological scars lead-
ing to distress, anxiety, and depression. In the medium term, it 
affects reproductive health, mental well-being, and overall qual-
ity of life. Women who have experienced violence may struggle in 
establishing and maintaining healthy relationships, perpetuating 
emotional and psychological distress [43].

Furthermore, the long-term effects are alarming as chronic 
exposure to violence is linked to various health conditions, includ-
ing cardiovascular diseases, autoimmune disorders, and chronic 
pain syndromes [4–6]. Survivors also face an increased risk of 
engaging in harmful behaviours, such as substance abuse and 
self-harm. Moreover, a particularly harmful and widespread form 
of violence is still underexplored from an epigenetic perspec-
tive, i.e. the use of rape as a weapon of war. In this case, the 
traumatic consequences on the victims are of huge impact on 
their psychological and physical health, although very little is
explored [44].

Recognizing the existing constraint within health policies con-
cerning the management of events related to violence against 
women in the medium to long term, our curiosity investigation 
led us to explore the realm of personalized precision medicine. 
We sought to investigate whether the current scientific liter-
ature has established a robust foundation in approaching the 
phenomenon of violence against women from the perspective of
epigenetics.

Existing literature has already highlighted studies demonstrat-
ing specific epigenetic changes induced by major traumas, such 
as those observed in war veterans or survivors of natural disas-
ters. The scientific literature under examination predominantly 
focuses on the epigenetics of trauma in child victims of vio-
lence. However, studies addressing this issue in adults are notably 
limited, with only four identified in our review. These stud-
ies, while all focused on the common epigenetic mechanism of 
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methylations, exhibit significant disparities in their methodolo-
gies. The studies examined display a diverse range of investigative 
approaches, ranging from the analysis of individual gene methyla-
tions to the study of the entire epigenome. It is important to note 
that only one of these studies attempts to distinguish between 
sexual violence and IPV. However, its small sample size limits its 
statistical power to detect significant differences in the methyla-
tion patterns of victims. The other studies focus solely on sexual 
violence and do not investigate IPV.

The low number of participants in these studies highlights the 
challenges in recruiting women who are victims of violence. These 
women are often traumatized and vulnerable, both psychologi-
cally and physically. When a victim seeks help at an antiviolence 
centre, the staff must prioritize immediate diagnostic and ther-
apeutic procedures to provide the best support possible. Under 
these circumstances, explaining a study and obtaining consent to 
collect samples is quite difficult. Additionally, conducting follow-
up studies on epigenetic patterns is challenging due to a high 
dropout rate as it is hard to convince these vulnerable individuals 
to return frequently to the centre.

Another aspect to consider is the high prevalence of drug and 
alcohol use, as well as other psychiatric disorders, among these 
vulnerable individuals [5, 45–47]. While it is possible, it is unlikely 
to find a healthy subject experiencing rape for the first time who 
then exhibits epigenetic modifications solely due to the violent 
event. Therefore, when analysing results, it is crucial to account 
for these additional factors that could distort the findings. A 
comprehensive collection of medical and psychological history is 
essential for accurate analysis.

Considering the limited attention given to delayed repercus-
sions in the context of violence against women, a transformative 
medical paradigm centred on the individual is starting to emerge. 
This innovative approach seeks to tailor healthcare interventions 
to meet each individualized need. At its core, this paradigm draws 
its strength from the examination of the epigenetic signature writ-
ten in the DNA by violence. The shift towards this personalized 
healthcare paradigm represents a profound departure from the 
‘one-size-fits-all’ approach that has, regrettably, been the norm 
for addressing violence against women. Rather than treating sur-
vivors as a homogenous group, it acknowledges the profound 
diversity among them, considering not only the physical and psy-
chological traumas they have suffered but also the interplay with 
their DNA that influences their health outcomes. Epigenetics, 
in particular, offers a fascinating perspective as it encompasses 
the study of modifications to gene expression that occur with-
out alterations to the underlying DNA sequence. These epigenetic 
changes have the potential to provide crucial insights into how 
the trauma of violence against women can leave indelible marks 
on their physical and mental well-being, understanding how they 
may contribute to the lasting health disparities experienced by 
survivors.

By the unique epigenetic signatures of individual survivors, 
healthcare professionals can begin to explore and counteract 
the underlying mechanisms through which violence against 
women exerts its long-lasting effects, developing personalized 
interventions that consider and tailor treatments to address 
each woman’s specific needs. This approach not only holds 
the promise of more effective healthcare interventions but also 
embodies a profound shift towards a more empathetic model of
care.

Conclusion
The exploration of the repercussions of violence against women 
through an epigenetic lens is in its early stages. Currently, there are 
insufficient studies to facilitate a comprehensive meta-analysis. 
We envisage that future research endeavours will shed more 
light on this critical and sensitive subject, enhancing our under-
standing of the phenomenon over time, thus enabling more 
appropriate therapies in a multidisciplinary and personalized
perspective.

Violence against women is a highly sensitive and urgent issue 
with significant social repercussions. Personalized medicine offers 
a valuable approach to addressing and managing each individ-
ual case effectively. However, conducting studies in this area is 
challenging due to limited resources and difficulties in obtaining 
samples. Thus, it is crucial to undertake extensive collabora-
tive research efforts to advance our understanding and improve 
interventions.
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