
JOURney
Volume 8 | Spring 2025

The Journal of Undergraduate Research at 
The University of North Carolina at Chapel Hill



LETTER FROM 
THE EDITORS 
IN CHIEF

Dear Reader,

On behalf of the entire editorial board and 

staff, we are proud to present the 2024–2025 

volume of UNC JOURney, the University 

of North Carolina at Chapel Hill’s Official 

Journal of Undergraduate Research. This 

edition represents the breadth and depth 

of academic inquiry across our university, 

featuring student-led, faculty-mentored 

research from the natural sciences, social 

sciences, and humanities.

UNC JOURney was founded with the 

mission to provide undergraduates with a 

platform to share original research projects, 

including SURF-funded studies, honors 

theses, and other independent scholarly 

work. Our goal remains to celebrate 

rigorous academic exploration undertaken 

early in students’ careers, and to showcase 

research that reflects both intellectual 

curiosity and academic excellence.

This journal would not exist without the 

creativity, commitment, and hard work of 

our incredible staff; our editorial board, 

ambassadors, publicity team, and layout 

designers. Their dedication has carried this 

volume from initial planning to publication, 

and we are honored to have served as their 

editor-in-chief.

We are especially grateful to the Office of 

Undergraduate Research and Dr. Robert 

Pleasants for their continued support, 

guidance, and funding. Their investment 

in our mission, including the development 

of new initiatives like the Spring Gala to 

spotlight student publications, has been 

essential to our success.

Finally, thank you to every student who 

submitted a manuscript for consideration, 

and to our readers for your interest in the 

scholarship being produced at UNC-Chapel 

Hill. We hope this journal will not only 

inform and inspire, but also encourage more 

students to seek out meaningful research 

opportunities.

Warm regards,

Roshni Arun & Riley Harper

Co-Editor-in-Chiefs, UNC JOURney



TABLE OF CONTENTS

SOCIAL SCIENCES | 5
Friend or Foe: Utilizing Erik Erikson’s Stages of Development to Identify Conflicts in Sisterhood: A 

Psychological Independent Research by Raouda Njimogna | 6

Once Bitten, Not Shy: La Crosse Virus in Appalachia by Silas Durham | 14

Psychosocial Stress and Infertility by Joyce Woo, Sophia Milliam, Vivian Workman  | 21

Health Behavior Outcomes in the Context of Eating: Developmental Impacts of Adverse Childhood 
Experiences by Dianne Loren Celemen | 29

Impact of the Family System on the Development of Disordered Eating 
by Ella Sharpe | 37

Your Ego is Causing You Death Anxiety? The Roles of Egocentrism, Emotional Empathy, and Age on 
Death Anxiety by Hanna Li | 45

NATURAL SCIENCES | 52
A Review of the Molecular and Cellular Mechanisms Underlying Neurodegeneration 

by Anuragh Sriram | 53

MDMA administration selectively alters oxytocin receptor gene expression 
in the amygdala and the hypothalamus 

by Ridhima Ginkala, Amira Khan, Kelly Ong, Neil Sud | 65

Genomic and Immunological Characterization of RAG-Deficient SCID: Implications for Personalized 
Therapeutic Approaches by Roshni Arun | 73

Somatic Variants in Epilepsy by Rayaan Bashir | 81

HUMANITES | 88
Survival Through Deterrence: Analyzing Mutually Assured Destruction in The Dark Forest  

by Milan Dutta | 89

Buddhist-Islamic Clash or a Modern Construction? by Violet Yang | 94

Destigmatizing LGBTQ+ Identities through Diverse Storytelling: A Rhetorical Analysis of Descovy’s 
Real Stories Map by Catherine Pabalate | 100

The Shifting Portrayal of Muslim Women: From the Crusades to Colonialism 
by Helen Dehnert | 107

	  



JOURney Staff
 

Volume 8 | Spring 2025

EXECUTIVE BOARD 
 

Co-Editors In Chief
Roshni Arun
Riley Harper 

 

Layout Editor 
August Little 

 
PUBLICTY BOARD

 

Co-Publicity Chair 
Micah Mangot 
Emily Rollins 

 

Design Lead 
Brooke Davis 

 

Instagram Lead 
Alyna Sigel 

 

Website Design 
Alysa Grillo

AMBASSADORS
 

Julia Bauer
Khushi Bhatt

Emma Cecchini
Aarini Chauhan
Chloe Cheung

EDITORIAL BOARD 
 

Natural Sciences
 

Yasmine Ackall
Alex Baptiste

Veda Dayananda
Shivank Kancharla

Marwa Sharib
Alexandra Whiteside 

Social Sciences
 

Rhea Bakshi
Peifeng Huang

Mia Liu
Licza Lobo
Vraj Parikh
Lanye Wang

 

Humanites
 

Dani Elliott
Hannah Oh

AMBASSADORS

Adriana Concepcion
Teresa Galvan
Ramya Khelgi

Jack Pfefferkorn
Kailee Sullivan

Aida Xue
 



SOCIAL 
SCIENCES

										        
UNC JOURney | 5



Abstract: 
Sisterhood is a term commonly used to describe an amicable, vulnerable, and supportive bond between 
women, primarily stemming from the assumption that biological sister relationships encapsulate all these 
qualities (Jones et al., 2022). Though commonly true, people do not seem to acknowledge the many conflicts 
that arise during siblings’ development that can lead to possible tensions during adulthood. In  Erik Erikson’s 
theory of “The Eight Stages of Child Development,” many personal conflicts must be solved throughout 
child development. Each stage presents moments of comparison and competition for the sister at the hands of 
gender biases found in patriarchal societies. When both sisters receive positive reinforcement and equitable 
treatment from their parents, they can better develop strong, individualistic identities capable of navigating 
the emotional challenges posed by systemic misogyny in higher education, the workplace, and other social 
settings.

 
Keywords: child development, gender discrimintion, sister siblings, identity, relationships    

Introduction 

Companionship is one of humanity’s deepest 
unconscious needs; we are wired to respond to 
social stimuli and attempt to form attachments based 
on them. The release of neurotransmitters such 
as oxytocin in women has automatic reactions to 
distinctly human behaviors, such as a baby crying, to 
start producing milk to comfort the child. (Martino 
et al., 2015). This fundamental drive anchors us in 
connection and reminds us that life is not meant to be 
navigated alone. We navigate many of life’s routines 
with the expectation of connecting with others. Our 
most basic form of connection is given to us upon 
birth: family. Our lives rely on the determination of 
our mothers and fathers to nurture the healthiest and 
best versions of ourselves without many mistakes 
along the way. Many psychologists agree that it is at 
our homes that we gain our initial understanding of 
relationships and ourselves, which are cultivated by 
our growth. Child development, famously studied 
by German psychoanalyst Erik Erikson’s Stages of 
Development, has shown many ways in which our 
identities are shaped and shifted through various 
internal conflicts. Each stage incorporates how society 
and our parents’ parenting can affect self-perception 
and discovery. However, a specific factor plays a 
critical role in this journey, and it’s right at the origin 
of our connection: siblings.

According to the Census Bureau, 84.6% of children 
with both parents in the household live with at least 
one sibling (U.S. Census Bureau, 2024). This statistic 
highlights how, within a household, parents must 
divide their attention between at least two children, 
hoping each child gets equal care and affection. 
However, this ideal is rarely achieved. As it is a 
parent’s first time parenting, it can be difficult to 
divide their attention perfectly between all their 
children and other responsibilities due to having to 
exert more energy and time to ensure each child gets 
their specific needs. This common imperfection can 
lead to many conflicts, not only within the child but 
between the children as well. Amicable relationships 
between siblings can facilitate positive support, 
skill development, self-regulation, and emotional 
understanding (Stormshak et al., 2009). A child must 
gain these support systems and skills in the household, 
as they are integral to adult self-management and 
identity-building. Society and “real life” present 
many challenges that can diminish our self-esteem; 
therefore, these early support systems and skills 
provide essential tools for maintaining self-esteem 
throughout life. 

Women undergo many challenges throughout their 
lifetimes that threaten their self-worth and image 
(Szymanski et al., 2009). These problems stem from 
patriarchal systems embedded within our society 
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and its institutions. In the United States, 42% of 
women in the workforce have experienced gender 
discrimination at work, compared to 22% of men, 
while more women report lower pay than their male 
counterparts for the same job (Pew Research Center, 
2017). On a global scale, 2.4 billion women of 
working age lack the same economic opportunities as 
their male peers and only hold about 75% of the legal 
rights promised to their male counterparts (World 
Bank, 2022). Prominent feminist psychologist Carol 
Gilligan alluded to the cause of these prejudices and 
disparities when stating, “In a patriarchal society, 
one of the most important functions of a woman is 
to embody the qualities of compassion, nurturing, 
and self-sacrifice.” The forcible socialization of these 
characteristics of women typically stems from societal 
expectations blending in with parental techniques 
found within the household. Eldest sisters are often 
placed into a caregiver role, nurturing their younger 
siblings. Independently, this can add to gender 
bias imposed mental health struggles faced later in 
adulthood; however, what is interesting to remark 
is how same-gender siblings, between two sisters, 
that is, can be affected by these societal pressures 
during development. Research shows that amicable 
sibling relations can foster support and emotional 
confidence; however, siblings of the same sex are 
more prone to rivalry and competition (Whiteman 
et al., 2011). Differing parental expectations and 
mediums of attachment during development, coupled 
with the patriarchal conditioning of women, can leave 
a sister-sister sibling dyad vulnerable to tension and, 
ultimately, distance and/or hostility. By utilizing Erik 
Erikson’s Stages of Development, we can pinpoint 
moments of possible tensions between sisters that are 
influenced by parenting, their growing perceptions of 
themselves, and their intake of the world around them.
 
An Overview of the Stages of Development 

The intersection of parental expectations and gender 
socialization creates unique challenges for sister 
relationships. As a psychoanalyst, Erik Erikson 
focused on studying the intersection between culture 
and development in shaping identity and personality. 
Under the guidance of Anna Freud, daughter of 
psychoanalysis pioneer Sigmund Freud, he developed 
an interest in psychoanalysis, specifically in younger 
people. Though accrediting some validity to Freudian 
psychology, Erikson focused on the ego as a means 

of self-progression and development, stating that 
our identity stems from our childhood environment 
and the inevitable conflicts we must face. With 
intense focus and research on child development, 
Erikson published his most known and accredited 
book, Childhood and Society,  which famously 
introduced the “Eight Stages of Man.” These stages 
group childhood development into conflicts arising 
from social context and circumstances. Differing 
from Freud’s stages of psychosexual development, 
Erikson removed the focus on humans’ sexual 
nature and placed a more anthropological emphasis, 
further pushing a psychosocial developmental 
theory following an epigenetic model showcasing 
the cultivation of a child’s identity through culture 
embedded via parenting and their natural genetic 
makeup. Erikson’s stages span from birth to death, 
encompassing a human’s life cycle, and are not limited 
to age. He stated that for succession to the next stage, 
a conflict must be resolved; otherwise, there is a stunt 
in growth despite perhaps not being within the typical 
age range of the stage. As each conflict is resolved, the 
identity and personality of the child arise and become 
solidified. Listed below are the stages and their typical 
age ranges: 

Erik Erikson’s Eight Stages of Man 

1.  Basic Trust vs. Basic Mistrust: Birth to around 18 
months (Infancy) 

2.  Autonomy vs. Shame and Doubt: 18 months to 
three years of age (Toddler years) 

3.  Initiative vs. Guilt: Three to five years of age 
(Preschool years) 

4.  Industry vs. Inferiority: Six to 11 years of age 
(Elementary school years) 

5.  Identity vs. Role Confusion: 11 to 18 years of age 
(Teenage years) 

6.  Intimacy vs. Isolation: 18 to 40 years of age 
(Young to established adult years) 

7.  Generativity vs. Stagnation: 40 to 65 years of age 
(Middle age years) 

8.  Ego Integrity vs. Despair: 65 years of age to 
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death (Senior/late-stage adulthood years) 

This analysis focuses on Erikson’s first five stages of 
psychosocial development as they are most relevant 
to childhood sibling dynamics. Also, for simplicity, 
this analysis will focus on a two-child (non-twin) 
household with both parents present unless otherwise 
proposed. 

Basic Trust vs. Mistrust: I Remember My Life 
Without You 

Every oldest sibling starts as an only child. This 
unique position shapes their early experiences and 
relationships with their parents. Whether it be a 
separation of years or even decades, there is a period 
when parents’ full attention is placed upon one child 
in the household. As it is the child’s first moments in 
life, it is also an adult’s first moments of parenting. 
With this new responsibility comes routines executed 
with anxiety and love. This stage is critical for 
developing a foundational attachment between child 
and parent. Erikson (1964) coined this period as the 
conflict between basic trust and mistrust, stating that 
“the experience of a mutual regulation of [the child’s] 
increasingly receptive capacities with the maternal 
techniques of provision gradually helps [them] to 
balance the discomfort caused by the immaturity of 
homeostasis with which [they] was born” (p. 222). 
Relying on regular oral feeding and demonstrations 
of love allow for a greater bond and establishment 
of trust between the child and their mother. The 
ability to depend on, typically the mother/maternal 
figure, creates a sense of security and an early sense 
of identity within the child, thus creating a “sense of 
being ‘all right,’ or being oneself, and of becoming 
what other people trust one will become” (p. 223). 
This stage would also develop the child’s basic trust 
in life and with the world around them, as they start 
to develop trust not only in their caregivers but also 
in themselves with the beginning of their motor skills 
emerging. These motor skills include but are not 
limited to modes of body control such as holding, 
grasping, crawling, standing, and walking. With the 
development of these motor skills, the child can feel 
confident in exploring their environment and start the 
foundations of their identity. 

Not every parent holds the keys to establishing 
this fundamental routine in their child’s life. Many 

stressors can hinder the implementation of attachment 
between the maternal figure and the child. For 
instance, postpartum depression currently affects 
about 15-20% of women after they have gone into 
labor (Getahun et al., 2023). With this condition, 
mothers develop severe anxiety, sadness, and 
exhaustion, overall hindering their ability to provide 
healthy attachment and care for their children. If a 
mother develops this condition, the child will have 
to rely on repeated irregular means of food, security, 
and love, leading to the other outcome of the conflict: 
mistrust. Mistrust creates confusion in the child, 
not only in their caregiver but also in themselves. 
Fowler’s theory of faith development, proposed by 
psychologist and theologian James Fowler, suggests 
that early forms of trust and hope are essential 
in establishing faith in a child, with faith being 
understood as trust in something, someone, or oneself 
(Fowler, 1981). Faith is key in materializing healthy 
social relations outside of the household. This mistrust 
can lead to the child lacking the “capacity to feel 
identical” to their peers during adolescence, creating a 
habit of isolation (Erikson, 1968).
 
Another stressor leading to this mistrust development 
can arise from a sibling’s later birth, creating a 
division of care. As noted, not all parents can equally 
divide their attention between all their children, as 
each has different needs. Siblings close in age undergo 
the initial conflict of trust during infancy. Their 
parents must be able to tend to both children without 
creating an apparent detachment from one child for 
the other. The eldest sibling must deal with a routine 
switch, which may not sit well with them. Their 
younger and less experienced and exposed sibling will 
receive initial attention to establish their sense of trust 
as well. If not balanced properly, the oldest sibling, 
even in infancy, can still develop this feeling of 
mistrust within themselves and their parents. Though 
not fully aware of this, the child may develop early 
feelings of competition, marking a crucial moment of 
tension in the sibling relationship. 

Autonomy vs. Shame and Doubt: Hey, Mom! Look 
What I Can Do! 

The oldest sibling could be at any age or stage of 
development, but introducing the youngest sibling 
and their personal needs as the parents’ focus can still 
impose friction between them. For example, once the 



oldest child reaches their toddler years, 18 months 
to three years of age, they are introduced to a new 
conflict: gaining autonomy or developing feelings of 
shame and doubt. The youngest sibling may still be 
resolving the trust vs. mistrust stage, which depends 
on their parents’ attention and care in very different 
ways. Erikson (1964) describes the second stage as 
a moment where “muscular maturation sets the stage 
for experimentation with two simultaneous sets of 
social modalities: holding on and letting go” (p. 226). 
After developing their motor skills, the child can 
explore their surroundings and its contents. These 
skills include potty training, self-feeding, talking, 
and various tasks requiring faith and creativity. 
Parents must firmly implement their discipline while 
tolerating the toddler’s newfound trust in themselves. 
The parent congratulating or encouraging attempts at, 
for example, potty training gives way to the positive 
outcome of this conflict. This method helps further 
their faith into feelings of autonomy.
 
According to a longitudinal study completed in 
2020, the average age difference between siblings 
is around four years, meaning that most siblings are 
introduced to each other in infancy and toddler years 
(Schwartz et al., 2020). Infancy and toddlerhood 
are very demanding ages that need to be tended to 
constantly. Allowing too much freedom or lack of 
encouragement can lead to feelings of inadequacy that 
may develop into shame and doubt in oneself. In the 
realm of siblings, these feelings can arise once again 
from a poor division of attachment to their parents. At 
this stage, the toddler is looking to their parents for 
approval; however, this could be met with exhaustion 
from constant attention to their infants’ fundamental 
needs that transcends into neglect or even short-
tempered anger towards their toddler. The reverse 
is also possible, as the toddler’s curiosity must be 
constantly monitored to avoid potential environmental 
dangers. The mother’s job is incredibly taxing as 
she must breastfeed her infant eight to twelve times 
a day while also monitoring her toddler’s growing 
autonomous habits, for instance, peeing around four 
to eight times a day and feeding themselves. To devise 
a perfect routine under all these circumstances is 
very difficult, resulting in making this stage of the 
sibling dyad very prone to tension. During this time, 
the toddler is much more prone to start developing 
feelings of comparison to their younger sibling as they 
thrive with assurance and approval from their parents. 

The parents must try to blend their toddler’s need for 
autonomy into the infant’s need for trust. This could 
look like asking the toddler to hold the infant’s milk 
bottle, developing a bond between both siblings while 
allowing them to resolve their conflicts.
 
A parent’s neglect of their toddler’s creativity and 
trust in themself allows for shame to take over and 
develop what Erikson describes as compulsiveness. 
They believe that their being and sense of self depend 
on their actions, and therefore, their actions must be 
completed to perfection by some arbitrary standard. 
The toddler will start to doubt their abilities, their 
parent’s love for them, and themselves, and in their 
eyes, this all roots from a sense of competing with 
their younger sibling. In the book The Sibling Effect 
by Jeffery Kluger, he equates sibling comparison 
and competition to that of animals in the wild by 
stating, “Parents are genetically programmed to pick 
and choose among their kids, the kids come equally 
programmed to fight to be the chosen ones…they 
compete no less vigorously than animal siblings” (p. 
27). He further explains that animals have “instinct 
fueling their competitiveness”,  and humans have 
instinct and emotion dictating their rivalry. The 
toddler looks onto their infant sibling with jealousy 
and resentment as the source of reducing their parent’s 
reassurance and thus their autonomy. Hence, it is 
important to cater to both of their needs, as at that 
young and volatile age, there is an extreme lack of 
extensive comprehension and empathy for both the 
parent and the infant. This lack of empathy is not 
exclusive to younger ages; it is a skill gradually 
developed through adolescence and adulthood.
 
Developing independence is critical in this stage, 
as it is one of the last moments of over-reliance on 
and comfort in the household before being put into 
social settings like school or extracurricular activities. 
Being able to stand on their own two feet, literally 
and figuratively, propels the child into continuing to 
discover their sense of self with a greater sureness of 
their abilities. 

Initiative vs. Guilt: I’m A Girl? 

Having developed most of their motor and 
autonomous skills, one must wonder, “Why must I 
do this in a certain fashion?” The “why” and “what” 
questions define Erikson’s next stage. With their 
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environment and capabilities settling into a realm 
of familiarity and comfort, the child only becomes 
curious, this time not so much about their abilities but 
of the world’s expectations. They replace the need 
for autonomy with the need to take initiative. Erikson 
(1964) describes the initiative as adding “to autonomy 
the quality of undertaking…planning and ‘attacking’ 
a task for the sake of being active and on the move” 
(p. 229). The child is starting to develop a preliminary 
sense of fulfillment via the lens of social expectations. 
If met with reassurance from parents and society, 
the initiative can transform into a sense of purpose, 
which later in adolescence makes it easier to develop 
stability and self-esteem when solidifying one’s 
personality. Taking the initiative can look like many 
things during this stage. On a basal level, it could be 
a child taking apart a toy to see how it is made, and 
on a social level, this could be a child exploring their 
gender and its norms.	
 
As a Freudian, Erikson fixates on the sexual organs 
(primarily that of the male gender) as a means of 
gender exploration. However, we can see that there 
are other ways gender is implemented into a child’s 
identity in this stage. Colors, toys, and clothes, 
priorly dictated by parents during their infant and 
toddler years, become more ingrained in the child’s 
set of likes and dislikes. Focusing on the female 
gender, colors such as pink are often more linked to 
young girls, and this is due to an attraction to pink 
in girls and an avoidance of pink by boys (LoBue 
& DeLoache, 2011). No genetic biology is involved 
in this preference, but rather a conditioning that 
occurs during their younger years, and as early as 
two years of age, that is instilled in their preferences. 
The push towards the color pink, dolls, tea sets, and 
feminine objects alike are at the hands of parents’ 
own gender bias transcending how they raise their 
children, and we can expect roles and behaviors to 
be passed down, too. In a 2023 study, researchers 
A. Vial and A. Cimpian surveyed young girls on the 
basis of leadership. They state that “If young girls, 
in particular, anticipate a social cost or a lack of 
support from others when occupying a leadership role, 
then they may be relatively uninterested in pursuing 
leadership-related activities from an early age.”(Vial 
& Cimpian, 2024) This lack of social support can 
stem from subservient rhetorics being echoed in the 
household, such as “you can’t do this because you are 
a girl,” or “girls don’t do this,” or commonly spoken, 

“this is not ladylike.” As this is the stage that the 
young girl is toiled with “why” questions,  if they are 
met with these statements, just as she was conditioned 
prematurely to like pink, she will be conditioned to 
believe her gender sets limitations on her capabilities 
because that is “just the way things are,” presenting 
the opposite outcome of this stage: guilt. If met with 
disapproval and limitations to their imagination, the 
girl can feel guilty for visualizing unacceptable goals. 
This develops inhibition in the young girl, who is 
now overly cautious of her wants and actions, making 
her afraid of taking the initiative and thus losing her 
chance at finding purpose. 

In a sibling dyad, both sisters can fall victim to 
developing this sense of gender inhibition. However, 
the eldest one also plays a role in instilling gender 
norms into her younger sister as a means of seeking 
approval and a form of initiative. The youngest, 
now having to look up to a standard set by the oldest 
sister, can start to form feelings of inadequacy if 
she seeks not to conform or cannot fulfill gendered 
responsibilities due to age.
 
Industry vs. Inferiority: I’m Just a Girl 

The next stage of Erikson’s theory is further 
investigating the prior conflict. However, there’s a 
greater implementation of societal expectations via 
integrating the child in social forums such as primary 
school and third spaces, such as clubs and programs. 
Within these spaces, there is more pressure on the 
children to adjust themselves acceptably based on 
the context of the cultural norms set before them. 
Ascribing this stage as the “entrance into life,” 
Erikson (1964) states that “the child must forget past 
hopes and wishes, while [their] exuberant imagination 
is tamed and harnessed to the laws of impersonal 
things” (p. 232). Children must dedicate themselves to 
a life of education that is in line with what is wanted 
by society. The standardization of their personality is 
at the hands of the parents, who encourage them, their 
educators, who create a foundation, and their peers, 
who accept them. Thus, the capacity of the industry 
is established. There is much similarity to the prior 
stage. However, the fact that there are extraneous 
social settings at play means that the child is subjected 
to following more rules. 



In the case of a female child and her sister, they 
are also now subjected to outside perceptions and 
expectations. Linguistics professor Dr. Deborah 
Tannen describes the planting of the seeds of conflict 
between sisters at this age in her book, You Were 
Always Mom’s Favorite!, she states that “among 
the many categories that sisters sort themselves–and 
others sort them–most regrettable is the ‘the pretty 
one’ and ‘the smart one’” and that “from the moment 
they’re born, girls are judged by appearance.” 
Looks and, later, intelligence are seen as markers 
of success and utility in our society, and therefore, 
conformation to the standard of these attributes 
gives way to yielding industry. As these sisters 
are genetically linked to one another, it is easy to 
compare them, rendering one to feel capable and the 
other to feel inferior. Society easily compares and 
praises beauty, with people feeling more at ease with 
conventionally attractive people(Nisbett & Wilson, 
1977). Though perhaps not outwardly stated, certain 
euphemisms imply some hierarchy of beauty or other 
celebrated standards between the sisters. For instance, 
some cultures fall subject to colorist standards of 
attractiveness, favoring lighter complexions, with 
them earning more privileges in the workforce, 
school, and romance than the darker-skinned people 
of their race/ethnicity (Hunter, 2007). Since skin tone 
is a continuous genetic trait that exists in variation, 
sisters typically have no uniform display of skin tone. 
Thus, it can be used as a marker of beauty over the 
other. Being in greater social settings at these stages 
increases this discrimination and perception from the 
household to outside peers and authority figures. Peers 
may celebrate one sister over the other for certain 
traits, creating tension between the sisters, even if 
the sisters do not echo or uphold these perceptions. 
Feelings of inferiority and a lack of industry yield an 
“inferiority complex,” which is when an individual 
feels inadequate and insecure about their capabilities 
compared to others, leading to a lack of social skills 
and low self-esteem. The deemed “inferior” sister 
may look to her sister as the cause of her inadequacy 
and will feel a sense of resentment. In Tannen’s 
book, she introduces many anecdotes of unamicable 
adult sister relations that stemmed from childhood 
comparisons, stating that “it can hurt to be hurled 
back to a time when you felt incompetent or believed 
to be supercompetent; when you felt invisible around 
your sister because she was older and more capable 
or younger and more adorable” (p. 17).  All these 

standards arise from parental bias and constant social 
reminders through social forums echoing these 
statements.
 
There is even danger in internalizing the very thing 
we are praised for. Too much industry leads to narrow 
virtuosity, where we see the child prodigy fall into. 
Society pushes them into a box, typecasting them and 
thus not allowing them to explore their being further, 
leading to feeling empty or a product of the industry. 
Despite being capable of both, the pretty sister may 
not be seen as smart, or the smart sister may not be 
seen as pretty. The sisters are not in control of their 
identities and are instead subjected to what society 
wants them to be, allowing for low self-esteem or a 
false sense of self-confidence to define them. 

Identity vs. Role Confusion: It’s Not Just a Phase!  

After internalizing societal and parental expectations, 
the adolescent enters the final stage of identity 
formation. In this stage, the adolescent tries to 
balance “what they appear to be in the eyes of others 
as compared with what they feel they are” (Erikson, 
1964, p. 235) and find where their skills can fit into 
roles. Many of the conflicts tackled earlier reemerge 
in a different light, creating a final test of self for the 
adolescent. They must seek trust in themselves and 
establish autonomy and initiative, all while staying 
within the bounds of industry and not straying too far 
from societal norms. We see many teenagers exploring 
various roles and identities as they look to their peers 
and various communities to help cultivate their unified 
sense of self, which includes joining extracurricular 
groups and friend groups based on common interests. 
Historically, parents have had much influence in 
determining their teenagers’ identities, emphasizing 
community and traditional roles, and contemporarily, 
that still holds some truth. However, with about 93% 
of teenagers on social media, there are new means of 
influence at the hands of corporations and their paid 
influencers (Guo & Cheung, 2023). Teenagers look 
to commercialized versions of their aspirations as 
the standard of their identities, creating unattainable 
comparisons. According to Erikson, adolescents must 
know who they are in terms of society to achieve ego 
identity. However, with these capitalized identities that 
they are looking up to, it makes it harder to develop 
their own identity.
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This increased social media comparison impacts 
teenage girls’ relationships with their bodies. Apps 
like TikTok and Instagram, which are more photo-
based, are mainly used by girls and can promote 
unrealistic beauty standards. Many content creators 
on these platforms curate personas and appearances 
that are considered “perfect” on account of marketing 
themselves for views and brands. All that to say, they 
are not the average young woman. There is not much 
of a disconnect between contemporary and traditional 
ideals, as being thin and vain are still pushed onto 
teenage girls. According to the National Library 
of Medicine, eating disorders are more prevalent 
in females than males, with recent spikes in eating 
disorder prevalence reported in girls 15 to 19 years of 
age (Lin et al., 2024). Despite the preconceived notion 
that girls are vainer than boys, many studies agree that 
men and people of a higher power give themselves 
“more positive self-evaluations,” and women tend to 
see themselves in a lower light (Galinsky et al., 2024). 
This perhaps can be attributed to a childhood full of 
constant dismissals of self and comparisons. Positive 
reinforcement and encouragement of self-discovery 
and acceptance from parents and new social relations, 
such as peers and perhaps romantic partners, is 
imperative in cementing an ego identity. A lack of this 
can result in role confusion, where there are feelings 
of displacement and a lost sense of self as they do not 
feel they fit in society. 
 
In this stage, we can see closer bonds or distance 
between sisters for a sister-sister dyad. In the cases of 
siblings undergoing this stage simultaneously, each 
teenage girl will experience rapid changes in interest 
and attitude. This is partly due to puberty and the 
journey of ego identity discovery. Once again, the 
comparison is still relevant as both sisters’ newfound 
interests and communities are either deemed 
conventional and conforming or unconventional 
and “strange.” Cliques, exclusive social groups with 
shared interests, are also developing, and each sister 
will start to rely on their selected peers or friends, and 
in the case of social media, influencers, for approval. 
The participants of these groups judge one another 
and those outside the group, creating the concept of 
an “in-group” and “out-group.” Ideally, sisters are 
together in this stage, encouraging one another’s 
self-discovery. However, with peer pressure and self-
esteem being significant mental stressors, there can be 
tension if the judgment of interest finds itself in their 

relationship. On top of differing interests, less time 
spent together in favor of expanding social circles and 
personal hobbies creates feelings of abandonment in 
the younger sibling, which can manifest itself into 
resentment (“Why are you trading me for them?”) 
and/or distance. 

We’re All We Got: The Importance of Good Sister 
Relations 

Conflicts between sisters that begin in childhood 
can lead to ostracization and bitterness throughout 
adulthood. Themes of comparisons, competitiveness, 
and gender bias constantly arise at each stage, forcing 
sisters to resolve their conflicts and assess whether 
their tension is a product of outside influence or 
personality clashes. Sisters are not meant to be similar, 
yet are constantly perceived as needing to be so, thus 
making them more susceptible to being pitted against 
each other. While finding her identity, she is measured 
against the other; it becomes hard to truly find herself 
as she does not know what standards to live by: theirs, 
her sister’s, or her own. Neither sister, the favored or 
unfavored, the smart or pretty, the cool or dorky one 
comes out triumphant. Studies show that amicable 
sibling relationships improve support systems and 
emotional confidence. If there is a lack of connection 
between two young women tackling a patriarchal 
world filled with gender discrimination, it becomes 
hard to have a sense of self-worth when having to deal 
with misogyny.  

Parents of sisters must recognize their own and 
society’s biases when parenting, implementing equity, 
fairness, encouragement, and affection among their 
daughters. Sibling relations are one’s longest-lasting 
relationship, and much of their time spent together is 
during childhood. During this period, one is cluelessly 
trying to find oneself, and so is their sister. Navigating 
this time with grace for oneself, their sibling, and, for 
parents, their child allows for an easier transition into 
adulthood, where they have developed a unified and 
strong identity and family support system.
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“If this were happening anywhere but Appalachia, it 
would be identified as a neglected tropical disease. 
Ten cases of malaria in the U.S. make national head-
lines, but we have hundreds of cases of La Crosse 
virus that severely affect children; it is unacceptable 
that nothing more is being done” (R. Boyce, perso-
nal communication, February 29, 2024). Dr. Ross 
Boyce, a physician and researcher of the spatial and 
clinical epidemiology of vector-borne diseases, has 
over a decade of experience fighting malaria in rural 
Uganda. He has now become a leading expert on the 
La Crosse virus (LACV), a mosquito-borne disease 
disproportionately afflicting children in hyperendemic 
regions of Appalachia. These regions can experience 
incidence rates as high as 6.00 per 100,000 people 
in select counties(Centers for Disease Control and 
Prevention [CDC], 2023) compared with the average 
annual national incidence rate of 0.02 per 100,000 
people (Vahey et al., 2021). In our interview, Dr. 
Boyce explained the consequences of LACV and 
expressed an urgent need for intervention. LACV 
can be neuroinvasive (affecting the nervous system), 
causing severe short-term symptoms and long-term 
effects primarily in populations under 18 years of age 
(Matthews et al., 2022). Currently, no vaccine or anti-
viral treatment exists for LACV. Moreover, organized 
public health interventions directed toward LACV are 

scarce yet necessary as Appalachia lacks the capacity 
and infrastructure to effectively manage and eradicate 
the disease (Day et al., 2023). The complex interplay 
of inadequate healthcare access, poverty, politics, and 
geography have perhaps exacerbated this neglect. 
Thus, raising awareness among health departments, 
clinicians, and families in Appalachia is crucial to 
limiting the LACV infection rate. 

Background 

LACV is the leading neuroinvasive arboviral disea-
se among children in the United States (Vahey et al., 
2021) and has remained prevalent in isolated regions 
of the U.S. for over 60 years (Day et al., 2023). Mo-
reover, LACV is likely underrecognized in endemic 
regions. Common symptoms of LACV include vo-
miting, headaches, and fever; however, providers are 
unlikely to recognize LACV as a potential cause for 
febrile illness (Day et al., 2023). Additionally, even 
severe side effects such as seizures and status epilepti-
cus can be misdiagnosed as herpes simplex encephali-
tis and/or bacterial meningitis (McJunkin et al., 2001). 
The most common means of diagnosis is serology 
testing for IgM antibodies specific to LACV in the 
blood or cerebrospinal fluid (Matthews et al., 2022); 
yet, most lower level clinics where LACV patients 
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likely present lack the technology to perform these 
tests.  Even with a confirmatory diagnosis, the lack 
of antiviral drugs, vaccinations, or known adjunctive 
treatments leaves LACV patients with few options. 
Recovery involves managing potential symptoms of 
LACV, such as seizures, hyponatremia, hyperthermia, 
and brain swelling (Matthews et al., 2022). Although 
death resulting from LACV infection is rare, possible 
long-term neurological consequences of the disease 
include epilepsy and neurobehavioral issues (Bout-
zoukas et al., 2023).  

LACV targets a child’s nervous system (Matthews et 
al., 2022). From 2003 to 2019, 1,281 human cases of 
LACV were reported; 92% of them were neuroinvasi-
ve, with 75% of cases experiencing encephalitis, 17% 
of cases experiencing meningitis, and a fatality rate 
of 1% (Vahey et al., 2021). Research conducted by 
Basu et al. (2021) shows that children are especially 
susceptible to the virus, which is seen in its distribu-
tion: 88% of cases were younger than 18 years old, 
and the median age of a LACV patient was 8 years 
old. The high incidence rate among pediatric popu-
lations is unusual among arboviruses. For reference, 
West Nile Virus only affects children in about 4% of 
cases. LACV is most common in Ohio (27%), North 
Carolina (23%), West Virginia (16%), and Tennessee 
(14%). Furthermore, 21% of all cases were reported 
in just five counties in North Carolina, Tennessee, and 
West Virginia, providing more evidence that LACV is 
highly endemic (Basu et al., 2021). This data depicts 
an inflammatory, neuroinvasive disease afflicting pe-
diatric populations in distinct regions of Appalachia. 
 
LACV afflicts children living in one of the most 
vulnerable regions of the United States. Appalachian 
communities already lead the nation in health dispa-
rities that include heart disease, chronic obstructive 
pulmonary disease, diabetes (Type 1 or 2), and disea-
ses of despair, with rates that are 17%, 27%, 11%, and 
43% higher than National rates respectively (Marshall 
et al., 2017; (Heffernan et al., 2023). Amidst these 
mounting public health crises, Appalachian health 
systems must manage an endemic, vector-borne virus 
comparable to a neglected tropical disease. With only 
two studies analyzing the social and economic impacts 
of the neuroinvasive form of LACV exist, both from 
Western North Carolina, the true burden of LACV is 
relatively unknown and likely underappreciated. These 
studies estimated the economic burden of LACV with 

lifelong sequelae to be between $79,304-$5,025,402 
and the disease to result in a loss of between 17.46% 
and 92% of productive future life years (Utz et al., 
2003). Given the lack of knowledge and data concer-
ning LACV, it is difficult to determine what propor-
tion of Appalachia’s already limited health resources 
should be redirected toward addressing the virus. At 
the least, cost-efficient efforts to increase community 
awareness and preventative actions against mosquito-
es in known endemic areas should be implemented.
 
This paper will discuss disease-affected regions that, 
like Appalachia, consist of majority rural, socioeco-
nomically disadvantaged populations facing highly 
endemic diseases. This is not to say that Appalachia 
faces the same scale of poverty and marginalization 
as these regions; it is only that their chosen interven-
tions are demonstrated to be effective in resource-poor 
settings and were selected for discussion. The three 
vector-borne diseases to be discussed are the malaria 
virus, dengue fever, and Chagas disease. Both dengue 
and malaria are mosquito-borne, and Chagas is spread 
by the parasite Trypanosoma cruzi through contact 
with the feces of an infected triatomine bug (kissing 
bug). Dengue fever and Chagas disease were chosen 
because the World Health Organization has identified 
them as neglected tropical diseases (NTDs); in the 
introduction, LACV is compared to an NTD. Qualifi-
cations for this distinction require that the disease 1) 
disproportionately affect poor and marginalized po-
pulations, 2) affect, but not limited to, tropical areas, 
especially those with limited access to healthcare, 3) 
can be controlled and/or prevented by appropriate 
public health interventions, and 4) is relatively neglec-
ted by scientific research and funding compared to the 
magnitude of the mortality and morbidity caused by 
the disease (Casulli, 2021). Given these distinctions, 
evaluating LACV compared to NTDs could help illu-
minate discoveries of effective interventions. 

Distinct Challenges  

In the course of research, two leading experts on 
LACV were interviewed: Dr. Ross Boyce of The Uni-
versity of North Carolina at Chapel Hill and Dr. Brian 
Byrd of Western Carolina University, an entomologist 
and expert in vector-borne infectious diseases. Dr. 
Boyce confirmed that LACV is unique for its isola-
ted prevalence in specific regions, presenting distinct 
challenges for eradicating the disease, such as limi-
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ted incentive to scale up state-wide or even regional 
surveillance. Researchers hypothesize that the virus is 
transmitted within a mosquito population and passed 
down through subsequent generations. Thus, eradica-
tion would require wiping out the entire population, 
a daunting task. Additionally, LACV is difficult to 
diagnose, as there is currently no commercially availa-
ble rapid test for the virus. Diagnosis requires serolo-
gical antibody testing; however, endemic regions often 
lack the infrastructure to interpret these test results. 
Instead, blood samples are sent to secondary facilities, 
interpreted, and returned, which can take months. This 
barrier contributes to other challenges identified by Dr. 
Boyce, such as case-reporting gaps, a lack of effort in 
improving clinical care for the disease, and its unad-
dressed long-term consequences (R. Boyce, personal 
communication, February 29, 2024).
 
To raise awareness, Dr. Boyce stressed that LACV 
needs its champions. These could be families of 
children affected by the virus willing to share their 
testimonies or local physicians and scholars knowle-
dgeable about the disease. Dr. Brian Byrd is the latter. 
Western Carolina University is at the epicenter of 
the LACV epidemic. When children present at local 
hospitals with disease symptoms, local doctors invite 
Dr. Byrd to test mosquito populations around patient 
homes for LACV. Through his work, Dr. Byrd has 
found that the burden of LACV lies locally. Since the 
virus is highly contained in specific areas, surrounding 
counties have little fear of its spreading. As a result, 
successful management of LACV may require the sole 
efforts of well-informed, disease-affected communi-
ties intent on reducing vectors and decreasing disea-
se prevalence. For example, Dr. Byrd’s efforts have 
increased in reported cases and preventative measures 
taken by his community of Cullowhee. (B. Byrd, per-
sonal communication, March 21, 2024). 
 
Interventions 

Increasing Physician Knowledge and Surveillance  

In the United States, “The number of family and 
internal medicine physicians moving across states in-
creased from 2019 to 2022, from 352 movers in 2019 
to 431 in 2022 (Luo et al., 2024). Physician turnover 
rates have risen dramatically post-COVID, creating 
a growing knowledge vacuum concerning pervasive 
local diseases, especially in rural areas. For example, 

Soares et al. (2021) conducted a systematic review of 
healthcare worker’s knowledge of Chagas disease, a 
widespread NTD that causes significant morbidity and 
mortality in rural, marginalized communities worldwi-
de. In their literature review, they found that, overall, 
physicians lacked basic knowledge concerning the 
disease and were unlikely to consider it in their diffe-
rential diagnoses. However, including Chagas disease 
in the continuing education curriculum for physicians 
improved their clinical treatment of Chagas, their abi-
lity to recognize the disease when presented, and their 
readiness to spread awareness in the communities they 
served. Sponsoring the education of physicians about 
LACV through agencies such as the Appalachian Re-
gional Commission in endemic areas will be crucial to 
improving their awareness, ability to spread communi-
ty precaution, and increase the amount and quality of 
data collected on the disease. 

Case-reporting gaps can also diminish the perceived 
threat of a disease. Currently, LACV is passively re-
ported to the Centers for Disease Control and Preven-
tion (CDC). Passive surveillance (PS) requires health-
care workers in the community to notify public health 
agencies upon confirmed reports of nationally notifia-
ble diseases such as Chagas or LACV. Active survei-
llance (AS), on the other hand, requires public health 
institutions to intervene at the local level, reviewing 
health records, visiting health facilities, and following 
up with physicians to ensure they receive every report 
that meets the case definition of the disease (Mu-
rray & Cohen, 2017). A study in southern Ecuador 
comparing the effectiveness of passive and active 
cluster-based surveillance for dengue fever found that 
an integrated approach is the most effective. Each 
year, 205 dengue cases were reported using AS, and 
114 were reported using PS. Interestingly, only four 
duplicate cases were observed, showing that AS and 
PS detected the disease in distinct populations and that 
adding AS does not invalidate the simultaneous use of 
PS (Vitale et al., 2020). Incorporating AS in addition 
to PS in Appalachia could provide an effective strate-
gy for scaling up LACV reporting by supplementing 
limited physician knowledge and reporting infrastruc-
ture with larger-scale public health intervention.  

Raising Community Awareness 

Until LACV is made a national priority for research, 
drug/vaccine development, and vector control, raising 



community awareness in endemic areas could effec-
tively prevent its spread by encouraging community 
precaution. However, understanding existing commu-
nity behaviors surrounding disease is crucial before 
developing effective awareness campaigns. A study 
conducted in the Loja Province of Ecuador evaluated 
community perceptions of Chagas disease to inform 
the development of communication concerning di-
sease risk and preventative measures. Researchers 
created focus groups from the population and guided 
discussions and analysis using the Health Belief Mo-
del. This model provides a framework for evaluating 
the factors that lead to successful adoption of disease 
prevention practices. Researchers asked questions to 
assess factors such as perceived threats of disease and 
anticipated barriers and benefits of preventing infec-
tion. Qualitative results from the study found that a 
standardized message about Chagas disease emphasi-
zing prevention measures that protect family members 
using low-cost techniques would be most productive; 
“We need to be very cautious and think about the 
kids, because it is serious.  I know they have bitten us 
and it’s not life threatening for us but for our chil-
dren” (Patterson et al., 2018). Similarly, Appalachian 
communities often consist of close family units with 
economic constraints. Therefore, the Health Belief 
Model may prove equally effective at finding the best 
ways to frame disease risks and improve the reception 
of  messages and interventions concerning LACV. 
 
Community collaboration and engagement are crucial 
when managing endemic diseases with high local bur-
dens. A case study aimed at reducing malaria in Nya-
bondo, Kenya, showed that community participation 
and partnerships were vital to incorporating integrated 
vector management in the local community. Their 
malaria control program involved primary schools 
in social mobilization and outreach by using them to 
disseminate information, education, communication 
materials, and behavior change communication cam-
paigns. The program also distributed 116 eucalyptus 
seedlings to members of the primary schools’ health 
clubs as a malaria control intervention (the tree roots 
can soak up stagnant water in water-logged areas)  
(Ng’ang’a et al., 2021). As school systems are often 
large employers and stakeholders in Appalachian com-
munities, utilizing them to facilitate communication 
concerning LACV could be effective.   

Establishing widespread preventative practices and 

developing a community knowledge base concerning 
LACV will be necessary for sustainable interventions. 
Researchers conducted a preventative care awareness 
campaign for vector-borne diseases in Uttar Pradesh, 
India. They utilized the “training of trainers,” where 
disease experts trained community members to disse-
minate messages concerning identifiable symptoms 
and daily preventable measures. Pre- and post-sur-
veys showed a 34% increase in awareness and a 48% 
increase in preventative practices (Panda et al., 2015). 
Training trainers could effectively increase commu-
nity knowledge of LACV in Appalachia and promote 
preventative measures. 

Implementing Systematic Changes 

To effectively address LACV in Appalachia, existing 
healthcare structures and care models should be eva-
luated and adapted in endemic regions. The four-step 
approach to scaling up diagnosis and treatment access 
for Chagas disease in endemic areas of Columbia 
serves as proof of a successful systematic process for 
dealing with endemic disease in resource-poor areas. 
The Drugs for Neglected Diseases initiative is a pro-
gram created by Doctors Without Borders (Médecins 
Sans Frontières, MSF) that serves as an alternative to 
the market-driven Research and Development drug 
development model for NTDs afflicting underserved 
populations. Under this umbrella, MSF implemented 
a 4D approach (diagnose, design, deliver, and de-
monstrate impact) in Columbia that aimed to increase 
community access to testing and treatment for Chagas 
disease. The diagnose and design steps require mobi-
lizing community stakeholders, identifying and over-
coming local barriers, developing customized action 
plans, and collaborating with other regional health 
initiatives. During delivery, MSF emphasizes the im-
portance of local ownership of the program, and once 
again, “training the trainers” is cited as an effective 
way to facilitate sustainability. Finally, the demons-
trate impact step involves data collection, analysis of 
program outcomes, refining interventions, and sharing 
results locally and externally. In Columbia, after using 
the 4D model to develop interventions and strengthen 
their health system capacities, the number of people 
tested increased from 35 to 384 people per year in pi-
lot communities (Batista et al., 2019). MSF notes that 
successful intervention relies heavily on the support 
of local governments and local champions such as de-
dicated healthcare workers or patients willing to share 
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their testimonials. The 4D model should be considered 
as a systematic process for promoting LACV tes-
ting and awareness campaigns in Appalachia and for 
sharing resources and data between disease affected 
regions under different jurisdictions.  

Other health systems have found ways to consolidate 
and simplify diagnosis and treatment processes for en-
demic, vector-borne diseases. The Columbian Ministry 
of Health and Social Protection designed a “road map” 
to expand access to health services for Chagas disease. 
This patient-centered care model began by utilizing 
commercially available rapid tests as the standard for 
confirmatory diagnosis instead of the previously used 
diagnostic testing that required expensive technology 
and outsourcing to more extensive laboratories, thus 
slowing the process from initial testing to confirmation  
(Marchiol et al., 2017). Implementing the patient-cen-
tered road map, including these simplified diagnostic 
tests, decreased the average number of days between 
medical orders and diagnostic confirmation from 258 
to 19 (Herazo et al., 2022). LACV patients exhibit the 
same delay from testing to confirmatory diagnosis. 
However, a commercially available rapid point-of-care 
diagnostic for the virus has yet to be developed: grea-
ter data collection and investment into LACV research 
could expedite the process. The road map also empha-
sizes specified roles for various health system levels 
and actors. For example, primary care was tasked with 
disease screening, testing, confirmation, classification 
of case severity, testing of family members, and admi-
nistering treatment, while regional health departments 
were responsible for supplying primary care facilities 
with appropriate resources, quality control, and results 
monitoring. The road map ensures most cases can be 
treated at the primary-care level, thus broadening care 
access to populations far removed from larger health 
systems (Marchiol et al., 2017). Regions affected by 
LACV would benefit from a similar consolidated care 
model, as Appalachian populations are often disper-
sed with minimal access to secondary care. Currently, 
most LACV patients are referred to larger, specialized 
hospitals located in urban settings to receive diagnosis 
and treatment.  
 
Empowering primary care providers to diagnose 
and treat LACV cases in rural communities would 
reduce delays in care and missed cases. 

The Honduran Ministry of Health’s efforts to integrate 

community-based vector surveillance in Chagas ende-
mic regions further support the case for a primary-ca-
re-centered model. They showed that primary health 
care (PHC) could improve community knowledge 
and awareness and disease control activities in these 
rural areas by supplying educational materials to the 
community and participating in vector surveillance. 
In settings limited by personnel shortages, integration 
was managed by a top-down approach with the head 
physician or PHC center manager tasked with sur-
veillance, training staff members, and incorporating 
disease control activities into organizational routines. 
However, the local efforts of PHC relied heavily on 
oversight from the National Chagas Program, a pro-
gram established by the Honduran Ministry of Health. 
They cited playing an essential role in distributing res-
ponsibilities, training the PHC physicians, evaluating, 
and advocating in endemic communities (Hashimo-
to et al., 2015). Over the next six years, the seropreva-
lence of Chagas disease in children under 15 years of 
age in Western Honduras declined from 3.4% to 0.4% 
(Hashimoto et al., 2015). Upscaling LACV interven-
tions in Appalachia through PHC presents a promising 
local solution. Additional vertical intervention from a 
larger public health entity or organization analogous to 
the National Chagas Programs that specifically mana-
ges LACV could be especially useful for successful 
implementation (De Maeseneer et al., 2008).   

Proposed Interventions 

Based on the preceding evidence of successful in-
terventions, I propose the following action steps for 
addressing LACV in Appalachia. 

1.  Educating local physicians on the signs and symp-
toms of LACV will be essential for disease recogni-
tion and correct diagnosis.

2.  Community awareness campaigns should be deve-
loped only after assessing community perceptions of 
the disease. 

3.  PHC should be the main source of LACV testing 
and information dissemination, as this will ensure ac-
cess and awareness to the broadest spectrum of Appa-
lachian populations. 

4.  Utilizing local health departments to implement 
active surveillance of LACV should be considered. 



5.  Developing a rapid test for LACV could be crucial 
to increased disease reporting and surveillance.  

6.  Implementing interventions can involve school 
children, school systems, and/or community stakehol-
ders (e.g., public and private sector entities).  

7.  Adapting health systems in Appalachia to manage 
LACV can be modeled after successfully demonstra-
ted processes and care models in analogous regions 
that manage similar vector-borne diseases. 
 
8.  Creating an overarching public health program, 
like the National Chagas Program, to manage LACV 
prevention and research efforts across Appalachia 
should be considered. This would provide a consoli-
dated network of experts and a systematic approach to 
addressing the virus in endemic communities throu-
ghout the region.  

Conclusion 

LACV has persisted among Appalachian children for 
decades yet has garnered neither national attention 
nor public health intervention. In particular, children 
living in highly endemic geographic clusters are at 
much greater risk for the disease compared to other 
parts of the state and the rest of the country. One 
geographic cluster spanning from East Tennessee to 
Western North Carolina had a cumulative incidence 
rate of 7.8 cases per 100,000 people from 2013-2017: 
10-times higher than the combined cumulative in-
cidence rate of 0.8 cases per 100,000 population for 
North Carolina and Tennessee  (Day et al. 2023). 
Until national health authorities acknowledge the 
virus as a legitimate public health issue, the burden of 
LACV must be addressed at the state and community 
levels. Measures that have been effective in mana-
ging vector-borne disease in Ecuador, India, Kenya, 
and Columbia could also prove effective in Appala-
chia. Action steps such as educating local physicians, 
scaling up disease surveillance, raising community 
awareness, and adapting regional health systems could 
be key to managing LACV in the Appalachian region 
and alleviating a health threat to an already burdened 
population.
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Introduction 

According to the World Health Organization, inferti-
lity is “a disease of the male or female reproductive 
system defined by the failure to achieve a pregnancy 
after 12 months or more of regular unprotected sexual 
intercourse” (WHO, 2022). Around 17.5% of the adult 
population – roughly 1 in 6 worldwide – experience 
infertility, showing the urgent need for affordable and 
high-quality fertility care for those affected (WHO, 
2023). As infertility has been a growing global issue, 
the National Health and Nutrition Examination Survey 
(NHANES), a program run by the Centers for Disease 
Control, has worked to obtain valuable data on topics 
like hormonal health and fertility through self-reported 
questionnaires and clinical measures. Using this health 
data, this study aims to explore the relationship be-
tween psychosocial stress and infertility.  

Psychosocial stress is “any social or cultural situa-
tion that causes physical, emotional, or psychological 
strain on an individual” (Georgiades et al., 2023). 
It includes any challenges that can affect a person’s 
mental and social well-being, such as interpersonal 
relationship problems, work, school deadlines, finan-
cial struggles, or social rejection. However, assessing 
psychological stress is challenging due to its 

complexity – it is a latent construct which manifests 
through emotions, thoughts, and behaviors and is not 
directly observable. Thus, there are many ways of 
assessing the compound effects of psychosocial stress 
indirectly, including questionnaires, interviews, and 
psychological indicators such as biomarkers. 

While infertility data is relatively easy to obtain, it is 
more difficult to quantify stress in a patient. Thus, to 
explore the effect of psychosocial stress on infertility, 
allostatic load can be utilized to measure psychosocial 
stress. Allostatic load refers to the cumulative wear 
and tear on the body from chronic stress and repea-
ted exposure to stressors over a person’s lifetime. It 
results from prolonged activation of the body’s stress 
response systems, including the hypothalamic-pitui-
tary-adrenal axis and the autonomic nervous system 
(Duong et al., 2014).  An increased allostatic load can 
lead to negative health outcomes or diseases including 
cardiovascular disease, diabetes, and impaired immu-
ne function (Guidi et al., 2021). Allostatic load can be 
numerically quantified by using hormonal biomarkers 
of stress such as cortisol, norepinephrine, and epi-
nephrine. More commonly, it can also be measured 
via indicators of downstream effects of stress such as 
blood pressure, cholesterol levels, and other inflam-
matory markers (Guidi et al., 2021). 

Abstract
Infertility is a worldwide health issue experienced by both females and males. However, outside of a medical 
context, it is often considered solely a female reproductive issue. The stigma attached to the disease frequent-
ly leads to negative psychological effects such as increased psychosocial stress. Chronic psychosocial stress 
has been linked to an increased risk of various somatic and psychological health conditions, but the direct 
link between psychosocial stress and infertility is still being explored. Early research into interventions to 
reduce psychosocial stress have led to increased pregnancy rates among infertile women, suggesting a poten-
tial relationship between the two (Rooney, K. L., & Domar, A. D., 2018). One conceptualization of psycho-
social stress is allostatic load, which is measured using an allostatic load index. We utilized publicly available 
National Health and Nutrition Examination Survey (NHANES) data to construct an allostatic load index 
of lab-collected biomarkers: glycohemoglobin, white blood cell count, and triglycerides. In addition to our 
allostatic index, we measured both depression and fertility using data collected between 2013-2018 from the 
NHANES reproductive health questionnaire and the NHANES mental health questionnaire. With this data, 
we found significant relationships between infertility, allostatic load, and depression independent of indivi-
dual biomarker levels. However, the effect sizes of these interactions were quite small, highlighting the need 
for further exploration.  
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An allostatic index is a numerical measure used to 
assess allostatic load. It quantitatively combines multi-
ple biomarkers into a single score to assess the phy-
siological impact of stress. It is calculated based on 
thresholds for each biomarker included in an allostatic 
index, each coded at levels above or below clinical 
significance or at or above the 75th percentile (Edes & 
Crews, 2017, Doung et al., 2017). This index is useful 
in comparing individuals or groups to identify heal-
th disparities or stress-induced risks. The individual 
biomarkers, referred to as allostatic factors, are often 
categorized into three distinct types of functioning – 
metabolic, cardiovascular and inflammatory. In some 
studies, the category of inflammatory is replaced with 
immune (Edes & Crews, 2017). Although many allos-
tatic indexes include biomarkers from all three catego-
ries, there is no standardized definition or consensus 
on how many biomarkers should make up an allos-
tatic index. Unsurprisingly, this creates challenges in 
comparing results from different studies (Duong et al., 
2017). There are studies confirming and reaffirming 
the link between individual biomarkers and infertility, 
but there is currently a gap in the research on whether 
allostatic load mediates the relationship between infer-
tility and psychosocial stress. In an attempt to bridge 
that gap, we will explore the relationship between 
infertility and psychosocial stress as measured by an 
allostatic load.  

As previously discussed, psychosocial stress is a 
complex, multifaceted concept that can be defined 
in various ways, with allostatic load being just one 

method of measurement. Psychosocial stress can 
also be partially measured by an individual’s level of 
depression (Wan & He, 2024). Though it may not be 
the most comprehensive or all-encompassing measure, 
an individual experiencing high levels of depression 
is objectively experiencing high psychosocial stress. 
With that being said, the relationship between depres-
sion and allostatic load is not necessarily clear, as the 
correlation between allostatic load and clinical depres-
sion is inconclusive (Kobrosly et al., 2014). The lack 
of operationalization of an allostatic load index should 
not be forgotten, but this unclear relationship is likely 
due to the fact that psychosocial stress can be indepen-
dent of whether or not an individual is experiencing 
depression.
 
One important contributing factor to psychosocial 
stress in this study is the social stigma surrounding 
infertility. As noted earlier, despite infertility affecting 
both males and females, the social stigma associated 
with fertility issues is often directed at women (Xie 
et al., 2022 & Taebi et al., 2021). Stigma associated 
with fertility issues can lead to increased levels of 
stress in women experiencing infertility, thus creating 
a positive feedback loop between psychosocial stress 
and infertility (Lin et al., 2023). For instance, inferti-
lity leads to stigma, and stigma worsens psychosocial 
stress and allostatic load, which in turn can worsen 
reproductive dysfunction. As previous studies have 
shown, fertility-related stigma contributes to increased 
levels of psychological stress in women, making it an 
important contributing factor that cannot be ignored 

Figure 1: A diagram of the conceptual feedback loop identifying potential interactions between 
stress, allostatic load, infertility, and stigma.



in the exploration of the relationship between psycho-
social stress and infertility (Greil, 1997). Although 
this study does not directly measure the perceptions of 
stigma due to available data limitations, we recognize 
a potential bidirectional relationship between stigma 
and infertility. 
 
Thus, the three initial goals in this study are: 1) to 
determine if there is an association between female 
infertility and psychosocial stress measured using an 
allostatic index, 2) to determine if a specific allostatic 
factor in our index is more closely related to female 
infertility than others, and 3) to evaluate the relations-
hip between depression index scores (PHQ-9), allosta-
tic load, and female infertility.

Infertility and depression 

As previously discussed, infertility is commonly 
associated with stigma, particularly for women (Xie 
et al., 2022 & Taebi et al., 2021). Determining a link 
between prolonged stress and infertility could indicate 
that social pressures could worsen reproductive health 
as even if stigma does not lead to depression, it un-
doubtedly increases psychosocial stress. Figure 1 is a 
visualization of our original hypothesis that long-term 
psychosocial stress is a contributing factor to infertili-
ty, and that stigma associated with the inability to get 
pregnant can worsen pre-existing fertility issues.

We utilized the laboratory data from three consecu-
tive NHANES studies spanning six years. The data 
collected during the years 2012-2018 include female 
reproductive health questionnaires given to all female 

participants containing a question about the infertility 
of the participant. As a result, our focus was limited 
to these three consecutive survey cycles, which sig-
nificantly limited the number of allostatic factors that 
could be used in our index. In addition, the responses 
to the PHQ-9, which assesses depression, were used 
to see if the allostatic index mediated the relationship 
between depression and infertility. 

Methods 

We created a condensed allostatic load index of three 
variables: A1C concentrations, triglycerides, and whi-
te blood cell count, with one biomarker from each of 
the three main categories of measurement. These va-
riables were chosen based on their availability across 
all three data cycles from 2013-2018. An individual’s 
allostatic load score ranged from 0 to 3, with 0 indi-
cating no biomarkers above clinical significance and 
3 indicating all three biomarkers were above clinical 
significance. For A1C we defined clinical significance 
as at or above 6.5%, which is the level associated with 
diabetes. For WBC, the clinical significance is at or 
above 11,000 WBC/microliter of blood. For triglyce-
rides, the clinical significance is at or above 200 mg/
dL. Therefore, we would consider low index scores to 
be indicative of low allostatic load and psychosocial 
stress and high scores to be indicative of high allosta-
tic load and psychosocial stress. 
 
Using our allostatic load index, we filtered the sur-
veyed population in the NHANES 2013-2014, 2015-
2016, and 2017-2018 cycles, as shown in Figure 3. 
We excluded male participants and women without 

Figure 2: Figure 1 with the addition of the depression screening tool PHQ-9.
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available reproductive health survey data. Further 
exclusions included women without laboratory results 
for the three biomarkers in the condensed index and 
those outside the age range of 18–52, resulting in a fi-
nal sample of 2,380 female participants. Of these, only 
284 were classified as infertile. In this study, infertility 
was determined based on the NHANES survey ques-
tion RHQ074: “Have you ever attempted to become 
pregnant over a period of at least a year without beco-
ming pregnant?” A positive response would indicate 
fertility issues. 

To measure the relationship between depression 
and infertility, we used PHQ-9 scores, which were 
available for all three survey cycles. The PHQ-9 is a 
commonly used depression screener with 9 questions 
scored on a Likert scale. The total scores for the scale 
range from 0 to 28 and are categorized into different 

levels of depression: none, mild, moderate, and severe. 

Results 

We found a significant association between allostatic 
load index scores and fertility (Fig. 5). We coded the 
allostatic load score as an ordinal variable and fertili-
ty as a categorical variable. For this relationship, our 
likelihood ratio was 0.0212 and our Pearson coeffi-
cient was 0.0013 with a p value of 0.05. However, 
our R-squared value was only 0.0058. We did not 
find a significant association with fertility between 
continuous biomarker levels of either A1C, WBC, or 
triglycerides (Fig. 6a-c). 

Similar to Wan, L. and He, S. (2024), we also found a 
significant association between depression and ferti-
lity (Fig. 7, Fig. 8). With depression categorized into 

Figure 3: A flowchart illustrating the methods used to select the study 
pool from the three NHANES cycles

Figure 4: The distribution of allostatic load scores within the group NIndex separated into fertile 
and infertile groups.



levels of none, mild, moderate, and severe and coded 
as an ordinal variable from 0-3, with 0 as none and 3 
as severe, we performed a one-way analysis of depres-
sion by fertility. Our Prob > F score was .0002, and 
our mean depression for fertile individuals was 0.402, 
whereas our mean for infertile individuals was 0.5168. 
For this relationship, our likelihood ratio was 0.0023 

and our Pearson coefficient was 0.0024 with a p-value 
of 0.05. However, our R-squared value was 0.0044. 
Looking at individual biomarker levels and their 
relationship with depression, we found a significant 
negative relationship between high levels of depres-
sion and high levels of A1C, WBC, and triglycerides. 
For depression and triglycerides, the chi-squared value 

Figure 5: The association between fertility and index.

Figures 6a-c: Determining the correlation between fertility and the biomarkers: a) A1C,  
b) WBC, and c) Triglycerides 
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was 0.0470 and the R-squared value was 0.0018 (Fig. 
9a). For depression and A1C, the chi-squared value 
was 0.0009 with a p-value of 0.05 and the R-squared 
value was 0.0027 (Fig. 9b). Lastly, for depression and 
WBC, the chi-squared value was 0.0470 with a p-va-
lue of 0.05 and the R-squared value was 0.0010 (Fig. 
9c).  

Finally, we also found a significant association be-
tween allostatic load index scores and depression, but 
a small effect size (Fig. 10). We coded depression as 
an ordinal variable, with the different levels of de-
pression ordered from 0-3. For this relationship, our 
likelihood ratio was 0.0046, and our Pearson coeffi-

cient was 0.0007. However, our R-squared value was 
0.0060. Ultimately, depression, fertility, and scores 
from our allostatic load index were all significantly 
correlated in the ways we expected. However, for all 
of these findings, our R-squared values were very 
small, limiting the extent of these results. 

Conclusion 

The first goal of this study was to determine if there is 
a connection between female infertility and psycho-
social stress measured using an allostatic index. The 
second goal was to determine if a specific allostatic 
factor in our index is more closely related to female 

Figure 7: A graph used to determine any relationship between fertility and depression.
infertility than others. Lastly, the third goal was to 
evaluate the relationship between depression index 
scores (PHQ-9), allostatic load, and female inferti-
lity. We found that there is a significant association 
between the allostatic load index scores and fertility 
(p < 0.05), as well as between allostatic load index 
scores and depression (p < 0.05), and between fertility 
and depression (p < 0.05). However, no significant 
association was found between fertility and individual 
allostatic load biomarker levels (p < 0.05). In contrast 
to the significant  correlation between the condensed 
index and depression levels, the relationship between 
the individual allostatic load biomarkers and depres-
sion levels is negative. These results indicate that the 
allostatic load index functions even with a reduced 
amount of biomarkers. The evaluation of individual 
biomarkers and their lack of positive association 
with both depression and fertility indicate the abili-
ty of this condensed allostatic index to function as a 
measurement tool for allostatic load. The efficacy of 
our condensed allostatic load index has potentially 

powerful implications for future research into allos-
tatic load, as using a condensed version of this mea-
sure could streamline research on allostatic load and 
provide more consistency within the literature. Future 
directions with this research would see us increase the 
number of participants in infertile groups and high 
index score groups. This was a major limitation of the 
study and the likely cause of the small effect sizes of 
the results, as there were limited numbers of infertile 
and high index score participants, and an even more 
limited number of individuals who were both infertile 
and had high index scores. Additionally, we would 
also expand the ranges of biomarker cutoff levels to 
include subclinical values. In particular, we would 
expand the range of A1C to include individuals which 
have levels congruent with prediabetes, which is 5.7% 
as opposed to this study’s cutoff of 6.5%. Furthermo-
re, another limitation of this study is the potential for 
confounding variables such as race, ethnicity, age, 
and socioeconomic status. Thus, in future research we 
would control for these factors to determine 



Figure 8: The results of the Tukey-Kramer test between fertility and PHQ-9 scores.

Figure 9a-c: Determining the correlation between PHQ-9 and the biomarkers: a) Triglycerides, b) A1C, and c) 
WBC

whether they have any effect on the relationship be-
tween infertility, allostatic index scores, and PHQ-9 
scores. Finally, while the NHANES data did not pro-
vide any information on perceived stigma surrounding 

infertility, we would want to explore this factor to exa-
mine the potential bidirectional relationship between 
perceived stigma and infertility via increased levels of 
psychosocial stress. 

Figure 10: The statistical significance between depression and allostatic load index.
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Abstract
Past research has shown that adverse childhood experiences (ACEs) shape lifelong behaviors and health out-
comes, including appetitive habits such as eating behaviors. However, few studies have examined this asso-
ciation’s physiological mechanisms, particularly the role of affective cues that shape the process. This study 
investigates whether ACEs influence eating in the absence of hunger (EiAH) and whether this relationship 
is moderated by interoceptive sensitivity (i.e., receptiveness to changes in one’s body). With a sample of 111 
college students, we collected data on ACEs using measures of both county-level and family-level exposures 
to adversity (i.e., childhood Gini index and Risky Families Questionnaire). We also measured the extent to 
which individuals eat without hunger by having participants complete an eating task following the assess-
ment of cardiovascular and gastric sensitivity. Preliminary analyses revealed that the effect of ACEs on EiAH 
was not significant. Still, there was a significant effect of years spent in a zip code ​​(B = -0.21, p < 0.05), a 
novel finding that suggests that participants who frequently moved neighborhoods in childhood ate a greater 
serving of the snack. Future analyses will test the interaction between interoceptive sensitivity and ACEs on 
EiAH. Using a multi-faceted approach to assess ACEs and their potential outcomes, this study provides a 
more nuanced understanding of familial and economic predictors of maladaptive eating behaviors. 

Keywords: adverse childhood experiences, stress, eating behavior, human behavioral experiment,  
questionnaire/survey

How does growing up in a low-income neighbor-
hood, where individuals are more susceptible to early 
life stressors, impact eating behaviors, even without 
hunger? Living in areas with high economic inequa-
lity often involves more than just financial hardships 
(Cree et al., 2018; Leyva, 2016). Adverse childhood 
experiences (ACEs) can shape lifelong behaviors and 
health outcomes, including appetitive routines such as 
eating. The existing literature on these relationships 
has demonstrated that children from lower-income 
families are more likely to be diagnosed with mental, 
behavioral, or developmental disorders compared to 
their middle-income peers (Cree et al., 2018), highli-
ghting how structural-level factors, such as income 
inequality, influence health behaviors from an early 
age.  

This study examines the complex relationships be-
tween ACEs and eating in the absence of hunger, a 
task adapted from Fisher & Birch (1999), focusing 
on the moderating role of interoceptive ability, which 
is defined as the sensitivity to changes in the phy-
siological state of the body (Craig, 2003). Individual 
differences in interoceptive ability are associated with 
differences in psychological processes (e.g., emotion), 

the etiology of mental and physical health conditions, 
and positive health behavior (e.g., intuitive eating) 
(Khalsa et al., 2016). By analyzing ACE indicators 
with reported childhood neighborhood Gini coeffi-
cients and exposure to ACEs in the familial context, 
this study aims to uncover how structural factors and 
residential stability might contribute to maladaptive 
eating behaviors. Understanding these connections 
may provide insights into the broader implications of 
ACEs for mental and physical health, particularly for 
developing interventions that promote healthy beha-
viors. 

Literature Review 

The vulnerabilities associated with lower socioecono-
mic status (SES) do not primarily result from a greater 
likelihood of encountering adverse life events but 
rather from limited access to essential resources—ma-
terial, interpersonal, and intrapersonal (Spinosa et al., 
2018). This model is proposed in several theoretical 
frameworks surrounding social causation: the environ-
mental impact on behavior and mental health through 
development (Roberts, Donkin, and Marmot, 2016). 
Structural factors that shape an individual’s upbrin-
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ging and childhood environment can be critical in un-
derstanding how SES may influence eating behaviors, 
thus contributing to exacerbated ACEs (Leyva, 2016).
	  
Life-history theory suggests that growing up in envi-
ronments marked by low SES can shape development 
in ways that prioritize survival under challenging and 
unpredictable conditions (Hill et al., 2016). According 
to Hill et al. (2016), children raised in low-SES envi-
ronments often calibrate behaviors that enhance im-
mediate survival, especially regarding food consump-
tion. For example, rather than eating in response to 
internal hunger and fullness cues (i.e., homeostatica-
lly), individuals who experience childhood unpredicta-
bility may adopt an opportunistic eating style: consu-
ming food when it is available rather than according to 
their body’s actual energy needs, which is an adaptive 
pattern in environments where food access is incon-
sistent. This development pathway impacts individual 
interoceptive sensitivity. Research by Leyva (2016) 
highlights that individuals raised in unpredictable set-
tings are more likely to ignore or misinterpret internal 
cues related to hunger and fullness, as responsiveness 
to these signals may be less relevant in environments 
with irregular food access. In contrast, predictable, 
resource-rich environments allow children to develop 
a more regulated, homeostatic eating behavior, respon-
ding to food needs based on internal cues rather than 
external availability.
 
Thus, early-life ACEs and environmental stability may 
play a crucial role in shaping interoceptive sensitivi-
ty, with childhood unpredictability leading to lower 
interoception responsiveness and a tendency toward 
opportunistic eating, regardless of energy needs. In 
contrast, children from more stable environments are 
likely to develop a stronger interoceptive awareness, 
which promotes adaptive, need-based eating. This 
theory provides insight into how ACEs, including 
growing up in a low-SES environment during forma-
tive years, might inform interoceptive sensitivity and 
energy regulation, from child development to adult 
(mal)adaptive appetitive behaviors.
The Current Study
	  
The current study uses data from a larger project to 
assess whether hunger affects our perception and 
behaviors, as prior work demonstrates that affective 
feelings influence eating behavior (Anderson & Ba-
rrett, 2016). This study aims to build on this work by 

examining how ACEs and interoceptive sensitivity in-
fluence eating behavior. It is important to note that the 
analyses in this paper are preliminary and assess the 
relationship between the independent variable, ACEs, 
and eating behavior. Future analyses will administer a 
moderation analysis involving participants’ measures 
of interoceptive sensitivity.
	   
It was hypothesized that participants from neighbor-
hoods characterized by higher ACE exposure will be 
more likely to eat in the absence of hunger, with this 
effect being more pronounced among those with lower 
interoceptive sensitivity (i.e., less receptive to their 
physiological sensations). 111 undergraduate students 
were recruited to participate in a laboratory session to 
test this hypothesis. The internal physiological state 
of hunger was manipulated non-invasively by having 
the participants fast from food and drink for six hours 
before their arrival. The independent variables are 
participants’ ACEs, which are composed of income 
inequality (i.e., the Gini index) and measurements 
of early-life stressors in the familial context (i.e., the 
Risky Family Questionnaire). The Gini coefficient 
captures income inequality continuously from 0 to 1, 
where 0 represents perfect equality and 1 represents 
perfect inequality, providing insights into structural 
disparities in childhood environments (United States 
Census Bureau, 2021). Participants also completed 
two assessments of interoceptive sensitivity: the Heart 
Rate Discrimination Task and the Water Load-II Task. 
To assess eating behavior without hunger, participants 
completed a ten-minute standard Eating in the Absen-
ce of Hunger task, adapted from past studies (Fisher 
& Birch, 1999; Fisher & Birch, 2002; Schmidt et al., 
2023).
 
Method 

Participants 

This study recruited a sample in the southeast U.S. 
region through the UNC-Chapel Hill
Psychology and Neuroscience Research Participant 
Pool (SONA). The mean age of participants was 
19.59 years (SD = 3.55). Of the 111 participants, 28 
(25.23%) identified as man,  82 (73.87%) identified as 
Woman, and 1 (0.90%) identified as Non-binary. Re-
garding assigned sex at birth, there were more female 
participants (N = 84, 75.68%) than male participants 
(N = 27, 24.32%). Regarding racial/ethnic group iden-



tity, more participants were White (N = 76, 68.47%) 
than African American/Black (N = 4, 3.60%), Asian 
(N = 15, 13.51%), American Indian/Alaska Native (N 
= 1, 0.90%), Multiracial (N = 8, 7.21%), or Latina/o/, 
Chicana/o, Hispanic (N = 7, 6.31%). 94 participants 
(84.68%) indicated their ethnicity as non-Hispanic, 
whereas 17 (15.32%) participants identified as Hispa-
nic. All participants voluntarily consented to this study 
and provided documented informed consent. They 
received 3 SONA credits as compensation and could 
withdraw at any point without consequence. After 
their participation, all participants were debriefed on 
the study details.
	  
Participants were excluded if they (1) were not 
fluent in English, (2) did not have normal or correc-
ted-to-normal vision, or (3) had normal or correc-
ted-to-normal hearing. Additional exclusion criteria 
included having (4) food allergies to dairy, gluten, 
nuts, or alliums, (5) being currently ill or having had 
COVID-19 in the past three weeks, and (6) being 
pregnant or possibly pregnant.
 
Procedure
	  
Participants attended a 1.5-hour lab session, which in-
cluded several pre-visit requirements to ensure consis-
tent conditions. Before the session, participants were 
asked to complete a COVID wellness screener and 
abstain from food, caffeine, smoking, or alcohol for at 
least three hours before arrival; avoid any drinking, in-
cluding water, for at least two hours prior; and refrain 
from physical exercise for at least one hour before the 
session. 
 
At the start of the session, participants provided in-
formed consent, which outlined their right to skip any 
survey question for any reason and withdraw from the 
study at any time without penalty. Participants com-
pleted questionnaires about their physical and men-
tal health, life experiences, emotions, and cognitive 
associations during the session. A demographic ques-
tionnaire was administered, and information about the 
childhood zip code and length (in years) of the partici-
pant’s life in that zip code was collected. Participants 
completed the Risky Families Questionnaire as part 
of this initial questionnaire. Next, we administered 
three tasks designed to measure various physiological 
and behavioral responses: (1) the Heart Rate Discri-
mination Task, (2) the Water Load-II Task, and (3) the 

Eating in the Absence of Hunger (EiAH) Task. 
 
Measures Gini coefficient. Participants’ reported zip 
codes of the neighborhood they grew up in (i.e., lived 
in for the majority of their childhood) were used to 
determine the Gini coefficient, obtained from the 2010 
American Community Survey. Participants’ zip codes 
were merged with the corresponding GEOIDs from 
the 2022 Q4 Census Crosswalk, the most recent file 
based on 2010 census data. 2010 census data was also 
used because it is a year in which most of our parti-
cipants presumably were in the context of childhood 
development. This approach was used to approxima-
te income inequality during participants’ childhood 
years.
 
Risky Families Questionnaire (RFQ) 
 
The RFQ, developed by Taylor et al. (2004), asses-
ses exposure to ACEs within the family mesosystem, 
explicitly measuring the level of physical, mental, 
and emotional distress experienced at home during 
childhood and adolescence. The questionnaire con-
sists of twelve items, with sample questions such as, 
“Would you describe the household you grew up in 
as chaotic and disorganized?” and “Would you say 
you were neglected and left to fend for yourself while 
growing up?” Participants rated the frequency of these 
experiences on a five-point Likert Scale, reflecting 
events occurring between the ages of 5 and 15. A total 
RFQ score (RF_total) was calculated, with items 1, 3, 
and 12 reverse-scored. Higher scores indicate greater 
childhood adversity.
 
Heart Rate Discrimination Task (HRD) 
 
In the Heart Rate Discrimination Task, participants 
listened to a series of tones. They judged whether each 
tone series was faster or slower than their heartbeat or 
a reference tone series to measure cardiovascular sen-
sitivity as a measure of interoceptive sensitivity (IS). 
Participants were instructed to attend their cardiac 
sessions on each trial for five seconds and then decide 
whether a “feedback” tone series is faster or slower 
than their heart rate in a two-interval forced-choice 
design. The tone series frequency consisted of five 
tones and was randomly selected from a uniform 
distribution (lower bound = 40 BPM, upper bound = 
100 BPM, signal frequency: 440 Hz; tone duration: 
200 ms). Participants were provided five seconds to 
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make this decision by relying on their subjective judg-
ment of their heart rate, rather than feeling their pulse 
at their hand, wrist, or neck. Participants were also 
provided an additional five seconds to rate the extent 
to which they were confident in their decision (sliding 
scale of 100 points: 0 = uncertain, 100 = certain). Par-
ticipants completed six practice trials (two trials with 
the confidence ratings) before advancing to the main 
HRD task, which was forty five total trials. If partici-
pants were correct/highly confident in a trial response, 
this trial was counted as a “hit” trial; if participants 
were incorrect/highly confident in a trial response, this 
trial was counted as a “miss” trial. We used the sensiti-
vity index (d’) of each participant’s HRD score, which 
is calculated by subtracting the z-score of participants’ 
“miss” trials from their “hit trials”.
 
Water Load-II Task (WLT-II). In the WLT-II, we 
assessed gastric sensitivity as a measurement of IS. 
Participants drank water in two phases: first, until they 
felt satiated, and second, until they felt full. The parti-
cipant was asked to complete a short survey before the 
first five-minute period, before the second five-minute 
period, and after completion of the test to gauge their 
gastric sensitivity at each point. The WLT-II question-
naire asked participants to focus on their present abdo-
minal sensations, particularly whether their stomach 
felt empty or full. Items included the participants’ 
sensations of guilt, thirst, nausea, stomach tension, im-
mobility, discomfort, arousal, and sluggishness, all of 
which were answered on a seven-point scale ranging 
from 1 (no sensation/not at all) to 7 (extremely).  To 
calculate gastric interoceptive sensitivity as a percen-
tage, we used the WLT-II to generate four different 
facets of gastric interoception: (1) water volume 
required to produce satiation (sat_ml), which is the 
amount of water (in fl. oz) consumed during phase one 
of the task; (2) additional water volume consumed du-
ring phase two needed to produce maximum fullness 
(Δfull_ml); (3) total water volume (total_ml), which is 
the sum of sat_ml and Δfull_ml; and (4) percentage of 
satiation to total volume (sat_%), which is calculated 
by dividing sat_ml by total_ml multiplied by 100. 
 
Eating in the Absence of Hunger (EiAH). The EiAH 
Task involved a taste test with a high-fat, high-su-
gar snack. Participants selected between one of two 
high-sugar, high-fat snacks (i.e., either 85 g of Oreos 
or 120 g of peanut butter (PB) cups). During the ten 
minutes, participants rated the extent to which they 

liked or disliked the snack, along with its perceived 
qualities (i.e., sweetness, creaminess, saltiness, and 
crunchiness). After ten minutes had passed, the remai-
ning snack was weighed in grams. The amount of the 
snack consumed was used as our index of eating in the 
absence of hunger.  

Preliminary Results 

Descriptive statistics indicated a normal distribution of 
the Gini coefficient, with a mean of 0.46 (N = 111, SD 
= 0.28),  moderate inequality across the sample. The 
mean RFQ score was 30.49 (N = 108, SD = 7.58), and 
the mean serving size consumed during the EiAH task 
was 0.89 (N = 111, SD = 0.85). In looking at descrip-
tives, we saw that the majority of participants’ lives 
were spent in the reported childhood zip code, as the 
mean current age of the participants was 19.59 (N = 
111, SD = 3.55), and the mean reported years spent in 
that zip code was 18.66 (N = 111, SD = 3.82).
 
Outliers for ACEs and income inequality data were 
identified using standardized residuals, which flagged 
values greater than +/-3 SD. SD outliers for cardiovas-
cular IS were determined from the 45-trial heartbeat 
detection task, where trials were considered outliers if 
the heart rate average deviated significantly (Legrand 
et al., 2022). For multivariate outliers, we excluded 
cases that showed high leverage (>0.5), extreme re-
siduals (±3 SD), or undue influence (Cook’s distance 
values < 10th percentile). 

First, a correlation matrix was generated using Pear-
son’s correlation coefficients to assess the linear 
associations between variables. The Gini coefficient 
independent variable showed a slightly positive yet 
nonsignificant correlation with the EiAH serving size. 
The RFQ independent variable had minor negative 
and nonsignificant correlations with the EiAH size. All 
other correlation coefficients amongst the covariates 
included in the study, including gender and waist-hip 
ratio, were also insignificant.
 
To test our hypotheses, we conducted hierarchical 
regression analyses to assess the relationship between 
ACEs at different covariates (i.e., objective child-
hood income inequality and risky family context) and 
EiAH, using the latest stats package in R.  Gender, 
waist-to-hip ratio, years spent in the reported child-
hood zip code, and snack choice were included as 



covariates. After removing outliers, we ran a regres-
sion starting with the Gini coefficient and serving size 
in the EiAH task. We then ran additive and interaction 
models with the Gini coefficient and RFQ score on 
EiAH serving size. Results showed that ACEs, com-
posed of the Gini coefficients and RFQ scores, did not 
have a significant direct effect on EiAH in the additive 
model, nor an interaction effect (p = 0.207), meaning 
that participants’ ACEs alone did not strongly predict 
how much they consumed of the snack when they 
weren’t hungry. 
 
The final regression model, excluding outliers and in-
cluding all covariates, is presented in Table 1.  Interes-
tingly, we found that years spent in a specific zip code 
were found to have a significant effect on the serving 
size consumed during the EiAH task (B = -0.21, p < 
0.05). This is a negative correlation wherein fewer 
years spent in the reported childhood zip code was 
correlated with a greater serving size.  
 
Note. B = unstandardized beta; β = standardized beta. 
Standardized parameters were obtained by fitting the 
model on a standardized version of the dataset. Con-
fidence intervals (CIs) are based on a Wald t-distribu-
tion approximation and were computed using robust 
SEs. 

R² = 0.09; adjusted R² = 0.05.  *p < .05. 
 
Since these results are outcomes of preliminary 
analyses, future analyses will explore the interaction 
between IS and ACEs to see if the effects of ACEs on 
EiAH vary depending on individuals’ sensitivity to 
internal bodily states (i.e., hunger). This interaction 
may clarify whether the ability to sense and inter-
pret bodily cues influences how ACEs impact eating 
behavior, potentially identifying groups at higher risk 
for emotional or disinhibited eating when faced with 
instability or stress. 

Discussion 

Results from the correlation matrix revealed no statis-
tically significant linear associations between the key 
variables in the study. The Gini coefficient demonstra-
ted a weak positive but nonsignificant correlation with 
the serving size for EiAH, indicating a slight trend in 
which participants from a neighborhood with higher 
income inequality consumed more food. However, this 
trend was insufficient to support definitive conclusions 
about this association. Similarly, the RFQ exhibited 
a minor negative and nonsignificant correlation with 
EiAH serving size, suggesting a weak tendency for hi-
gher risky family context to be associated with partici-
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pants eating less when they are not hungry. Additiona-
lly, no significant correlations were observed between 
EiAH serving size and other covariates, including 
gender and waist-hip ratio.  

Prior research with larger, more diverse samples has 
shown how individuals who grew up in low SES 
environments tend to consume similarly high amounts 
of food, regardless of immediate energy needs. While 
adaptive for survival in food-scarce environments, 
this energy-regulation mechanism can contribute to 
overeating in food-abundant contexts. Consequently, 
even individuals who attain higher SES in adulthood 
may carry biologically embedded energy-regulation 
patterns from early exposure to low SES conditions, 
potentially increasing their susceptibility to overea-
ting (Hill et al., 2016). The nonsignificant correlations 
observed in the current study suggest that the rela-
tionships between ACEs and EiAH serving size may 
be minimal or that EiAH behavior may be influenced 
by unexamined factors. Research by Spinosa et al. 
(2019) has discussed what other unexamined factors 
may mediate this relationship, specifically the role of 
psychological distress. Psychological factors, such 
as perceived lower social rank and feelings of depri-
vation, may lead to maladaptive coping strategies, 
including emotional eating, which in turn contributes 
to overeating and higher BMI in adulthood. Further-
more, with minimal directional correlations between 
the predictor and outcome variables, no inferences 
can be made regarding the association between ACEs 
and eating behavior without further investigation with 
more extensive samples.
 
The hierarchical analyses reveal a notable relations-
hip between frequent childhood relocations and an 
increased likelihood of consuming larger snack por-
tions in the study. The findings of this study align with 
life-history theory, which suggests that growing up in 
unpredictable environments, such as those marked by 
frequent relocations, can shape adaptive behavioral 
responses to stress and resource availability. As Hill 
et al. (2016) highlighted, environmental instability—a 
common feature in neighborhoods with higher rates 
of ACEs—can foster opportunistic eating behaviors. 
These behaviors may emerge as adaptive responses to 
perceptions of resource scarcity or as coping strategies 
for managing stress and uncertainty. Furthermore, a 
childhood marked by elevated ACEs, such as abu-
se, neglect, and unstable family dynamics, is deeply 

intertwined with these patterns. When ACEs occur in 
environments characterized by high instability, such 
as neighborhoods with limited resources or safety 
concerns, children may experience heightened stress 
within their family mesosystem. In contexts where 
frequent relocations co-occur with high ACE exposu-
re, children may develop stress-related coping me-
chanisms that prioritize immediate caloric intake over 
homeostatic regulation. This further supports the idea 
that early-life instability, whether due to economic 
hardship or environmental unpredictability, is crucial 
in shaping long-term behavioral health outcomes. 

Limitations and Implications 

While this study is novel in that it uses an experimen-
tal design by manipulating a physiological internal 
state, there are notable limitations that could increase 
the external validity of our findings. Although the de-
velopmental perspective employed here offers valua-
ble insights into the physiological mechanisms driving 
eating behaviors, the sample predominantly consisted 
of individuals in emerging adulthood, specifically 
those in their late and early twenties. Expanding the 
sample to include a broader age range, encompassing 
both younger and older populations, would enable us 
to capture a more comprehensive view of how ACEs 
influence eating behaviors across different stages of 
life. Such an approach could reveal age-related diffe-
rences in the physiological impact of ACEs, offering 
more profound insight into how these experiences 
affect individuals not only in early adulthood but 
also throughout middle age and later life. This would 
provide a more holistic understanding of these effects’ 
developmental trajectory and increase our conclu-
sions’ external validity. 
 
Furthermore, the overrepresentation of White female 
participants limited generalizability to a diverse de-
mographic, as it restricts our ability to understand how 
these patterns may manifest across different racial, 
ethnic, and gender groups. Given that structural in-
equities shape exposure to ACEs and influence coping 
mechanisms, a more diverse sample could illumina-
te potential cultural, socioeconomic, and biological 
factors that moderate the relationship between early 
adversity and eating behaviors. Future research should 
strive for greater inclusivity, ensuring that findings 
apply to populations with varying lived experiences, 
thereby enhancing the work’s external validity and 



clinical relevance.
 
The study design relied on retrospective self-reports 
of childhood experiences rather than a prospective 
approach, which could provide more accurate and 
immediate data by capturing experiences as they occur 
and following individuals over time. Additionally, 
as a cross-sectional study, our design restricts causal 
inferences, such as whether ACEs directly lead to spe-
cific behavioral outcomes in adulthood. A longitudinal 
design that follows individuals across their lifespan 
would be more appropriate to establish causality and 
better understand developmental trajectories. Fur-
thermore, our study focused on objective measures of 
childhood SES. Still, it did not account for subjective 
perceptions of economic inequality (e.g., MacArthur 
Ladder), which could provide a more nuanced unders-
tanding of how SES influences appetitive behavior.
 
Another limitation encompasses the unmeasured 
confounds that could have skewed results (i.e., stress, 
mental health diagnoses, dietary habits) and affected 
the internal validity of our findings. By controlling 
for these confounds in future studies, researchers can 
better isolate the direct effects of ACEs on eating 
behaviors and reduce the likelihood that alternative 
explanations account for the observed relationships.
 
The present study has several important implica-
tions, particularly for understanding the long-term 
effects of socioeconomic disparities and childhood 
environments on health behaviors. By linking ear-
ly exposure to income inequality and unpredictable 
family contexts with later eating behaviors, the study 
underscores how childhood environments can shape 
both mental and physical health across the lifespan. 
In tandem with past research on the effect of fami-
lial ACEs on well-being, findings suggest there may 
be a need for school-based interoceptive awareness 
programs focusing on adaptive and healthy eating 
behaviors, particularly in those living in high-mobility 
communities. Multi-level research that examines the 
interactions between individual traits (e.g., interocep-
tive ability), family environments, and broader neigh-
borhood contexts is needed to develop comprehensive 
interventions tailored to the specific needs of at-risk 
populations. 

Conclusion 

This study explored how growing up in low-income 
neighborhoods characterized by economic inequality 
and ACEs influences appetitive behaviors, specifically 
EiAH. Our findings suggest that childhood residential 
stability may play a role in shaping appetitive beha-
viors, as participants who reported spending fewer 
years in a single neighborhood during childhood 
consumed larger portions of snacks during the EiAH 
task. This negative correlation may reflect the impact 
of childhood neighborhood instability on interoceptive 
sensitivity and, thus, maladaptive eating behaviors, 
aligning with previous research indicating that envi-
ronmental instability can foster opportunistic eating 
when food resources are inconsistent.
 
While the direct effects of ACEs were not significant 
predictors of EiAH in our primary models, the preli-
minary results highlight the importance of examining 
structural factors, such as income inequality and nei-
ghborhood stability, alongside familial adversities. By 
including individual differences in interoceptive abili-
ty in future analyses, we can further investigate whe-
ther sensitivity to internal bodily cues moderates the 
relationship between ACEs and opportunistic eating. 
This could help identify subgroups more vulnerable to 
maladaptive eating behaviors, particularly in response 
to early life stressors and environmental instability, 
and inform targeted interventions that address the un-
derlying stressors contributing to maladaptive eating 
patterns.
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Introduction
 

The nature versus nurture debate is one of the longest 
standing in the scientific field. The diathesis-stress 
model, also known as the vulnerability-stress model, 
suggests that both nature (biology and genetics) and 
nurture (environment and culture) contribute to the 
development of psychological disorders (Institute 
of Medicine, 2008, p. 14-19). In particular, this 
model suggests that psychological concerns stem 
from the interaction between genetic predisposition 
(diathesis) and environment (stress) (Broerman, 
2020). This model has been well accepted in 
eating disorder research. Genetic predisposition 
for certain traits related to disordered eating (e.g., 
perfectionism, anxiety) and social and interpersonal 
environments (e.g., stressors from peers, modeling 
through media) have an influence in etiology of 
eating disorders and body image disturbances. 
Eating disorders, such as anorexia nervosa and 
bulimia nervosa, are “characterized by a persistent 
disturbance of eating or eating-related behavior that 
results in the altered consumption or absorption of 
food and that significantly impairs physical health 
or psychosocial functioning” (American Psychiatric 
Association, 2013). Research on the family’s role in 
the development of eating disorders and body image 
disturbances has sparked further discussion on how 

genetics and the environment interact (Dinkler et 
al., 2021; Qi et al., 2023; Rutherford et al., 1993). 
While there has been significant research on parental 
influences on body image and disordered eating 
development, especially on genetic factors (Kaye et 
al., 1999), it is important to consider the multifaceted 
psychosocial dynamics within these family systems, 
including sibling influences. I will focus on the 
nurturance side of familial influences because these 
influences are modifiable for prevention of body 
image concerns and disordered eating. This paper 
aims to review existing literature on the impact of 
environmental factors such as parental modeling, 
parental communication, parenting styles, and sibling 
influences on the development of eating disorders and 
body image concerns.

 
Parental Modeling and Communication of Body 
Image and Disordered Eating

	  
Parental influence can occur through both modeling, 
such as dieting, and communication, such as criticism 
of others. Parental modeling can be defined as specific 
behaviors that parents demonstrate that may shape a 
child’s thoughts, behaviors, or emotions. Modeling is 
based on the social learning theory which has shown 
that children observe and model behaviors, attitudes, 
and emotional responses that they see in others 

Abstract 
This paper is a review of prior studies examining the influences of parents and siblings on disordered eating 
and body image disturbances, thus providing a comprehensive picture of familial influences on disordered 
eating. This paper examines parental influences from the perspectives of modeling, direct communication, 
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(Burstein & Ginsburg, 2010). Parental communication 
is the exchange of information between parents 
and their children to express thoughts, opinions, 
and emotional attitudes (Lyu et al., 2024). This 
section will explore parental influence on body 
image and disordered eating through modeling and 
communication. 

 
Modeling	

 
Research has demonstrated the impact of parental 
modeling on body image development, and 
subsequent disordered eating symptoms, on children 
(Abraczinskas et al., 2012). Parental modeling is 
especially important in early adolescence because 
parents are often the first sources of socialization for 
children and social comparison begins to emerge at 
this age. Therefore, when parents model restrictive 
weight loss behaviors such as fasting and skipping 
meals, they indirectly reinforce the thin ideal that 
places value on ultra-thin body types in their children 
who look to them for social guidance (Abraczinskas et 
al., 2012; Wertheim et al., 1999). When internalized, 
the thin ideal is a key risk factor for body image 
disturbances and eating disorders (Kidd et al., 2023). 

 
Parental modeling, particularly from mother-figures, 
has been shown to influence children’s body image. 
The Social Cognitive Approach, in which mothers 
model healthy weight-related behaviors (such as 
physical activity, healthy eating, and intuitive eating) 
and foster a supportive family environment while 
minimizing discussion about body weight and shape, 
demonstrated the strongest correlation with similar 
positive behaviors in daughters (Arroyo et al., 2020). 
These behaviors were also positively associated 
with body appreciation and satisfaction (Arroyo et 
al., 2020). Intergenerational transmission of weight-
related modeling from grandmothers to daughters 
through mothers have also been demonstrated, 
suggesting its long-lasting impact on the development 
of body-related behaviors and concerns (Arroyo et al., 
2017). 

 
Parental dieting behaviors have been shown to be 
correlated with slower weight gain in their children’s 
eating disorder recovery. Among a sample of 
underweight adolescents diagnosed with a restrictive 
eating disorder, those with parents who reported 
current dieting behaviors had a slower rate of weight 

gain and lower body mass index at discharge than 
those whose parents did not report current dieting 
(Duck et al., 2023). Parent-reported frequency of 
exercise behavior was also associated with a slower 
rate of weight gain in their adolescent children. 
Additionally, patients whose parents reported that a 
spouse or other adult in the household was actively 
dieting had lower percentage median body mass index 
at program discharge, but no difference in rate of 
weight gain per week. Duck et al. (2023, pp. 543-544) 
suggest that a potential reason for this relationship 
is that parents who diet and exercise “may have 
transmitted beliefs about the importance of thinness 
and fears of being overweight to their children, 
resulting in slower weight gain.”	

 
Overall, parental modeling impacts body image 
which impacts eating disorder development and 
maintenance. Therefore, it is important to consider 
how parents model weight-related behaviors when 
considering etiology of body image and eating 
disorder concerns. 

 
Communication

	  
While parental modeling is an important factor to 
consider with regards to body image, many studies 
have found that parental communication has an even 
stronger effect on body image than parental modeling 
(Bardone-Cone et al., 2011; Rodgers & Chabrol, 
2009; Wertheim et al., 1999). Parental communication 
refers to what parents say to their children about 
their children’s body shape, weight, or what they are 
eating (Bardone-Cone et al., 2011). Direct parental 
communication, such as encouragement from parents 
to diet or weight-related teasing, has been shown 
to impact children’s drive for thinness and body 
dissatisfaction (Arroyo et al., 2017; Wertheim et al., 
2002). This type of direct communication between 
mothers and daughters at young ages has long-
lasting impacts; it has been associated with body 
dissatisfaction and disordered eating throughout 
adulthood (Arroyo et al., 2017). 

 
Although negative weight-related parental 
communication has shown significant impacts on body 
image and disordered eating, any communication 
about a woman’s body, whether positive or negative, 
objectifies it and thus increases its salience, and may 
make an individual more vulnerable to body image 



concerns and disordered eating (Arroyo et al., 2017). 
We can understand this observation in the context of 
Objectification Theory which posits that women are 
acculturated to internalize observers’ perspective on 
their body. This internalization can lead to increased 
body monitoring and be a factor in the development 
of disordered eating (Fredrickson & Roberts, 1997). 
For women with high self-objectification (the extent 
to which they view their bodies in appearance-based 
instead of competence-based terms), even when 
compliments were positive, they reported higher 
levels of body dissatisfaction (Calogero et al., 2009). 
Therefore, it is important to consider the impact of 
both positive and negative communication about body 
shape and weight, especially from parents because 
they model social and gender norms for their children. 

 
Parenting Styles

	  
Parenting styles are made up of expressions of parents’ 
attitudes and behaviors towards their children. These 

styles impact many areas of children’s lives including 
body image and eating behaviors. There are four 
primary parenting styles: authoritative, authoritarian, 
permissive, and uninvolved. Each of these parenting 
styles represent a combination of responsiveness 
(support and warmth for the child) and demandingness 
(level of control over the child given by rules and 
discipline) of parents. Authoritative parents are high 
in both responsiveness and demandingness, so they 
may have high expectations for their children, but are 
involved and supportive. Authoritarian parents are 
high in demandingness, but low in responsiveness; 
they have high expectations for their children but 
provide less support. Permissive parents are low in 
demandingness, but high in responsiveness, so they 
have low expectations and are highly involved in their 
children’s lives. Uninvolved parents are low in both 
responsiveness and demandingness and are rarely 
involved in their children’s rearing at all (Bi et al., 
2018). Table 1 represents these parenting styles by 
responsiveness and demandingness. 

Although some studies investigating the relationship 
between parenting styles and disordered eating do not 
directly reference these styles, they measure attitudes 
and relationships that make up each parenting 
style. Higher parental involvement and parent-
child connectedness, which reflect an authoritative 
parenting style, were associated with lower eating 
disorder and disordered eating symptom risk (Tetley 
et al., 2014). Low parental involvement and high 
parental protection, which reflect a permissive 
parenting style, were associated with eating disorder 
diagnoses, but also with other psychiatric diagnoses 
(Tetley et al., 2014). Furthermore, an unmet need for 
care, nurturance, and safe attachment, which reflects 
an uninvolved parenting style, was associated with 
anorexia nervosa but not bulimia nervosa diagnoses 
(Basile et al., 2021). 

 
Parenting styles also impact the rates of improvement 
in patients recovering from eating disorders. Salerno 
et al. (2016) found that parental accommodation is a 
maintaining factor for disordered eating. For example, 

parents may perpetuate eating disorder behaviors 
by allowing and accommodating these behaviors 
or providing reassurance about body-image related 
concerns (i.e., reassuring their child that they are 
not fat). Therefore, a permissive parenting style may 
perpetuate existing disordered eating behaviors. This 
study found an intermediate outcome when one parent 
was accommodating and the other was not, therefore, 
parents not holding a united front in accommodating 
behaviors is not necessarily detrimental to their child’s 
recovery. Therefore, permissive parenting styles have 
been shown to maintain disordered eating behaviors, 
although if only one of two parents has a permissive 
parenting style, the maintenance effects appear 
weaker. 

 
Parenting styles have a significant impact on the 
development of body image and disordered eating 
and in recovery from eating disorders. Therefore, it is 
important to consider that an authoritative parenting 
style is associated with decreased eating disorder risk 
while a permissive parenting style correlates with 

Table 1: Parenting Styles
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eating disorder diagnoses and perpetuation of existing 
eating disorder symptoms. 

 
Gender as a Moderator Between Parenting 
and Child Body Image and Disordered Eating 
Concerns

 
Studies have found significant relationships between 
parental modeling, parental communication, and 
parenting style and body image and disordered eating 
concerns in their children. Parents seem to occupy an 
especially influential role for their children’s social 
development. However, their impact is significantly 
moderated by gender of both the child and the parent, 
meaning it influences the strength and direction of the 
relationship between familial factors and disordered 
eating. 

 
Maternal modeling of weight-related behaviors may 
have a stronger influence on their daughters because it 
is seen as a component of gendered behavior (Arroyo 
et al., 2017). These findings fit the social cognitive 
theory of gender development, which posits that 
modeling gendered behavior leads to gender identity 
development. Therefore, daughters may interpret their 
mothers’ weight-related behaviors, whether healthy or 
unhealthy, as a component of gendered behavior that 
they should follow. 

 
Literature has also demonstrated the impact of gender 
of the child on the relationship between parenting 
styles and child disordered eating (Basile et al., 2021; 
Hazzard et al., 2020; Joshua et al., 2024; Salerno et 
al., 2016). Gender moderated the relationship between 
parent-child connectedness and disordered eating 
symptoms; the association between parent-child 
connectedness and disordered eating symptoms was 
present between parents and daughters but not sons 
(Hazzard et al., 2020). Hazzard et al. (2020) suggests 
that these differences could relate to the increase in 
perceived parental support for girls between middle 
to late adolescence, which is not seen in boys, and 
their higher need for emotional support during late 
adolescence. 

 
The gender of the parent also moderates the 
relationship between parenting style and disordered 
eating in their children. Female anorexia nervosa 
and bulimia nervosa inpatients recalled their 
mothers as more abandoning than fathers, which 

reflects an uninvolved parenting style (Basile et al., 
2021). Furthermore, maternal parenting has been 
demonstrated to have more impact than paternal 
parenting on temperament, which impacts early 
maladaptive schemas, which in turn influences 
disordered eating symptoms (Joshua et al., 2024). 

 
Mothers’ parenting styles also have a greater impact 
on their children’s recovery from eating disorders than 
fathers’. Salerno et al. (2016) found partial support 
that low care giving skills from fathers have less 
impact on their child’s recovery than low care giving 
skills from mothers. Helpful caregiving behaviors 
were measured on the Caregiver Skills Scale (CASK) 
and include positive communication and emotional 
regulation (e.g., praising change or attempts at change 
even if the effects/results were less than what the 
caregiver was hoping for). However, it is important 
to recognize that mothers tend to spend two to five 
times longer than fathers on caring tasks, so children 
will benefit more from mothers’ skillful management 
of caregiving tasks than fathers’ because mothers are 
more present in their children’s lives (Salerno et al., 
2016). 

 
Siblings

	  
While there is significant literature that examines 
parental influences on the development of disordered 
eating and body image concerns, much less research 
investigates the role of sibling dynamics. Examining 
the role of siblings in body image and disordered 
eating is important because siblings are closer in age 
and appearance than parents, thus facilitating social 
comparison. Existing research has yielded conflicting 
conclusions. In a study of siblings of patients with 
anorexia nervosa and bulimia nervosa, body image 
seemed to be unimpaired in sisters compared to 
healthy controls (Benninghoven et al., 2008). Some 
siblings of patients with anorexia nervosa even 
experienced positive changes in their relationship 
with food and body image because of their increased 
awareness of the importance of a balanced diet and 
living well (Fjermestad et al., 2020). On the other 
hand, with this increased awareness of food and body 
image, some siblings of patients with anorexia nervosa 
cited an increase in their own preoccupation with food 
and body image. This preoccupation, however, tended 
to be directed towards others more than themselves: 
they become more aware of the exercise and eating 



habits of those around them (Fjermestad et al., 2020; 
Scutt, et al., 2022). Siblings of patients with anorexia 
nervosa also tended to associate mealtimes with stress 
(Fjermestad et al., 2020; Scutt et al., 2022). However, 
while much of the prior literature indicates little to 
no negative impacts on siblings of people with eating 
disorders, Scutt et al. (2022) found that the overall 
increase in stress caused by the situation led some 
to use maladaptive coping mechanisms, such as 
restricting food, to feel more in control. 

 
While there are fewer studies on brothers, it is 
also important to consider how boys and men are 
affected by having a sibling with an eating disorder. 
Benninghoven et al. (2008) found that brothers of 
patients with eating disorders tended to overestimate 
their body fat as compared to control subjects who 
did not have siblings with an eating disorder and did 
not overestimate their muscularity as much as the 
control subjects. However, it is important to note that 
all the siblings with eating disorders in this study were 
women and data for this conclusion was collected 
from 13 male siblings; therefore, it is necessary to 
include siblings whose brothers have eating disorders 
and collect more data to generalize these results. 
Yet, this study provides the most data on brothers of 
patients with eating disorders since Scutt et al. (2022) 
only included one male sibling and Fjermestad et al. 
(2020) included none. These findings differ from those 
for women whose body image is impacted by their 
sibling: they become more preoccupied with food and 
body image while men who were impacted become 
more preoccupied with body composition. 

 
Twins

	  
Many studies analyzing the influence of genetics on 
body image and disordered eating use twin studies. 
Identical (monozygotic) twins are critical to the 
study of many fields due to the unique opportunity 
they provide to study people with the same genetic 
composition. Fraternal (dizygotic) twins provide 
a comparable control group because they are as 
genetically similar as any other pair of siblings but 
they are the same age. These studies can determine 
approximately how much of the twins’ disordered 
eating can be attributed to genetics, and thus, how 
much could be attributed to environmental factors. 

 
Studies have arrived at conflicting conclusions about 

the role of zygosity in twins’ disordered eating. 
Rutherford et al. (1993) found that anorexia was more 
common in monozygotic than dizygotic twins, which 
they attributed to their genetic similarity. Similarly, 
Dinkler et al. (2021) found that monozygotic twins 
had higher correlations of disordered eating symptoms 
than dizygotic twins. However, several studies have 
not found significant correlations in disordered eating 
between twins (O’Connor et al., 2022; Raevuori et al., 
2008). 

 
Studies have also arrived at conflicting conclusions 
about the role of the family environment in 
disordered eating in twins. For example, Rutherford 
et al. (2009) did not find any shared environmental 
effects while Dinkler et al. (2019) found strong 
non-shared environmental correlations between 
disordered eating symptoms and diagnoses. Non-
shared environments could include different schools 
or extra-curricular activities. Researchers attributed 
this strong correlation, which is greater than that 
of many other disorders such as autism spectrum 
disorder and ADHD, to the influence of psychosocial 
factors such as pressure for thinness and peer 
dieting behaviors. O’Connor et al. (2022) found 
that variance in twins’ disordered eating was mostly 
attributed to environmental factors, specifically where 
sibling specific share environmental and non-shared 
environmental influences were responsible for 33.8% 
and 57% percent of variations, respectively. This study 
found that genetic influence, which was responsible 
for 8% of variation, had much less influence than the 
environmental factors on twins’ disordered eating. 

 
Overall, twin studies have shown inconsistent 
correlations in body image and disordered eating 
concerns between twin siblings. While there is 
evidence to suggest that both genetics and family 
environment play a role in these concerns in 
twins, there is less consensus on the specifics of 
the environmental (both shared and non-shared) 
influences on body image and disordered eating. 

 
Gender as a Moderator in Child Body Image and 
Disordered Eating Concerns Between Siblings

 
Twins’ gender may also play a role in their disordered 
eating behaviors. Raevuori et al. (2008) highlighted 
that women from same-sex pairs were marginally 
more likely to engage in intentional weight loss while 
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men from opposite sex pairs were marginally more 
likely to engage in intentional weight loss. In other 
words,individuals with a twin sister were more likely 
to engage in intentional weight loss than those with 
a twin brother. In contrast, women from opposite-
sex twin pairs displayed a marginally decreased risk 
of developing anorexia nervosa and engaging in 
recurrent weight loss attempts. 

 
Limitations and Future directions

 
One significant limitation of existing studies on 
families and disordered eating is the lack of diversity. 
Firstly, most samples are predominantly white, many 
coming from Northern European twin groups, such 
as the Child and Adolescent Twin Study in Sweden 
and the Finnish FinnTwin16 cohort (Dinkler et al., 
2021; Raevuori et al., 2008). Basile et al.’s (2021) 
sample only included Caucasian women. While some 
limited research has investigated family influence on 
disordered eating in more racially diverse populations, 
it is still limited to Western populations (Bardone-
Cone et al., 2012). 

 
Furthermore, there is a lack of gender diversity in 
these studies: most focus on female samples. The 
underrepresentation of men in clinical samples 
could be attributable to lower recognition of male 
eating disorders or their lower likelihood to seek 
treatment due to gender roles. Even when there are 
men available to clinical samples, they are often 
excluded because they make up too small of a sample 
to come to generalizable conclusions (Arroyo et al., 
2017; Dinkler et al., 2021). The underrepresentation 
of genders that do not conform to the binary could 
be attributed to a lack of societal acceptance of their 
identities. Most studies do not mention gender outside 
of the binary. Therefore, it is necessary to investigate 
how these populations are impacted by their families, 
especially because they face unique gender-related 
pressures which may impact disordered eating. 

 
There is also a diversity in types of family systems; 
many studies to date have excluded families that do 
not align with heteronormative expectations. Several 
current studies excluded participants because they did 
not report both a mother and a father (Hazzard et al., 
2020; Salerno et al., 2016). These studies would not 
only exclude single-parent families, but also families 
with queer parents. Excluding families with single 

and same-gender parents limits research because it 
does not account for the unique influences that such 
family dynamics have, and it limits sample sizes. 
Furthermore, Arroyo et al.’s (2017) intergenerational 
study of disordered eating notes that it would be 
important to account for different grandparenting 
styles in future studies. It is important that future 
studies examine the role of extended families, which 
varies across cultures, in disordered eating and body 
image disturbances in addition to nuclear families. 

 
There has been some research into the roles of 
attachment styles and temperament as mediators 
and moderators between parenting styles and body 
image and disordered eating concerns. Attachment 
style may serve as a mediator between parenting 
styles and disordered eating, but existing studies have 
not come to a consensus on the specific pathway of 
this relationship (Vaydich et al., 2022; Zachrisson 
& Skårderud, 2010). Temperament, which consists 
of stable and automatic emotional responses such as 
fear or impulsivity, has been a moderator in the linear 
relationship between perceived parenting style and 
early maladaptive schemas which positively predicts 
eating disorder symptomology (Joshua et al., 2024). 
These areas of research would be helpful to explore 
further in future to gain a better understanding of the 
mechanisms behind the relationship between parenting 
styles and disordered eating behaviors. 

 
Twin studies neglect to investigate social comparison 
made by the twins themselves and by others between 
the twins, which may be greater due to their similar 
features. For example, future studies may benefit 
from examining modeling between twins. Increased 
investigation in environmental factors of being a twin, 
especially a monozygotic or identical twin, might 
provide a more complete picture of the contributing 
factors to disordered eating in twins. 

 
Studies on family dynamics are inherently difficult 
to examine through experiments. It is both unethical 
and practically difficult to create an experiment 
where parental and sibling behaviors are controlled. 
Researchers cannot assign parents to diet and exercise 
or communicate unhealthy messages to their children. 
Therefore, correlational studies are the only way to 
study family influences on disordered eating, so there 
will always be a litany of confounding factors. These 
confounds mirror the real world, but they inhibit the 



establishment of causal relationships. 
 

Another shortcoming of these studies is the lack of 
a consistent measure for weight and body image-
related communication, modeling, and parenting style. 
There are several established measures used for body 
image in these studies, such as the Eating Disorder 
Examination Questionnaire (EDE-Q) (Bardone-Cone 
et al., 2011, 2012; Basile et al., 2021; Joshua et al., 
2024) and the Eating Disorder Inventory (EDI-1 
and EDI-2) (Dinkler et al., 2021; Qi et al., 2023; 
Raevuori et al., 2008; Rutherford et al., 1993). The 
EDE-Q, which is the most commonly used throughout 
these studies, has a Weight and Shape Concern 
subscale for targeted assessment of body image 
concerns (Bardone-Cone et al., 2011). However, 
there is no specific, established measure for parental 
communication about body image and modeling 
weight-related behaviors, so many studies developed 
their own scales to measure this concept (Bardone-
Cone et al., 2011; Duck et al., 2023) or combined 
items from non-specific established measures 
(Bardone-Cone et al., 2012; O’Connor et al., 2022). 
The inconsistency of measures across studies makes 
it difficult to standardize the data for comparison, 
so it is difficult to determine whether results remain 
consistent across different studies. In the future, 
the development of a measure that is specific and 
standardized for weight and shape-related parental 
modeling and communication would be helpful. This 
measure would allow researchers to compare their 
results and arrive at a consensus. 

 
Clinical implications

	  
Studies on parental modeling and communication and 
parenting styles may offer guidance for parents to 
help their children develop healthy relationships with 
body image and food. Clinicians may want to provide 
psychoeducation to parents about risks of body-
focused dialogue and modelling eating behaviors, 
since any communication about the body can impact 
its salience (Arroyo et al., 2017; Duck et al., 2023). 
Mothers should be especially aware of their influence 
on their child’s body image and eating attitudes and 
behaviors. Parents should also be aware of modeling 
gendered body image standards because they may 
negatively impact their children’s attitudes towards 
their own body. 

 

Parents can also help protectively buffer against 
disordered eating. Filtering body image related 
language and behavior, increasing awareness of 
dangers of eating disorders, positive reinforcement of 
body image, discussion about larger social discourses 
around body image, and positivity around food are 
ways that parents can encourage healthy body image 
and eating patterns (Maor et al., 2015). 

 
Conclusion

 
To conclude, parental communication, modeling, and 
parenting styles have significant impacts on disordered 
eating in children. Literature about the influence of 
siblings on disordered eating has arrived at conflicting 
conclusions, but it merits more investigation in the 
future. Parents should be mindful of their impact on 
their children’s body image and disordered eating; 
therefore, they should model healthy weight-related 
behaviors and refrain from commenting on their 
children’s bodies. 
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Abstract
 

Could focusing more on others reduce anxiety about the idea of death? This paper examines whether 
emotional empathy and egocentrism predict death anxiety levels. We hypothesize that egocentrism predicts 
higher levels of death anxiety due to its focus on self-preservation, while emotional empathy buffers death 
anxiety by shifting an individual’s focus from self-preservation to connection and perspective-taking. 
214 participants completed a questionnaire that included the Revised Death Anxiety Scale (RDAS), the 
Multidimensional Emotional Scale (MDEES), and the Egocentrism Scale. The results revealed an interaction 
between age and egocentrism on death anxiety, whereby egocentrism predicted higher death anxiety levels 
for older adults but not for younger adults. Similarly, emotional empathy predicted lower death anxiety levels 
for older adults, whereas younger adults with higher empathy reported greater death anxiety. The distinct 
impacts of empathy and egocentrism on younger and older adults suggest that death anxiety may manifest 
differently across the lifespan. This study contributes to a deeper understanding of how self-focus versus 
other-focus influences perceptions of death.

Key words: Death Anxiety, Empathy, Egocentrism, Age, Self-focus

Your Ego is Causing You Death Anxiety? The Roles of 
Egocentrism, Emotional Empathy, and Age on Death Anxiety
by Hannah Li

I. Introduction
 
Overview
 
Death has long been a subject of contemplation among 
philosophers. The thought of one’s own death can 
evoke many emotions, with anxiety and fear being the 
most common (Martí-García et al., 2017), often lea-
ding to uncomfortable thoughts. This level of discom-
fort varies among people. In other words, some people 
are more likely to dread the idea of their death compa-
red to others. But what predicts those variations? What 
makes one person more anxious about death than ano-
ther? Could it be their level of egocentrism, emotional 
empathy, or age?

Past Studies
 
Recent studies show that death anxiety levels may 
be predicted by an individual’s degree of egocen-
trism. One study found that people with quiet egos 
(i.e. humble people) tend to experience less death 
anxiety, possibly due to self-diminishment, which 
shifts focus away from one’s own death (Kesebir et 
al., 2014). Other studies suggest that scoring high on 
self-transcendence is correlated with decreased death 
anxiety levels. Self-transcendence is characterized by 
a decreased sense of self, the expansion of personal 
boundaries, and increased selflessness (Abdollahi 
et al., 2019; Vyas & Nadkarni, 2024). Furthermore, 

narcissism and frequent selfie-taking behaviors predict 
high levels of death anxiety (Logsdon, 1992; Etgar et 
al., 2024). All these studies seem to tell us one thing: 
the degree to which one focuses on oneself can play a 
crucial role in predicting the level of anxiety one feels 
towards their mortality. More specifically, a lower 
level of egocentrism predicts lower levels of death 
anxiety. 
 
Emotional empathy is the ability to share others’ 
emotions, in contrast to cognitive empathy, which is 
the ability to understand others’ perspectives (Smith, 
2006). Research shows that a high level of empathy is 
correlated with more self-other merging, suggesting 
that empathetic individuals are more likely to have 
a blurred boundary between themselves and others 
(Cialdini et al., 1997). Additionally, high levels of 
empathy also predict high levels of self-transcenden-
ce, suggesting that empathetic individuals are more 
likely to have a decreased sense of self and increased 
selflessness (Miniotti, 2022). These findings suggest 
that higher emotional empathy levels predict lower 
self-centeredness (i.e.,, egocentrism). Since egocen-
trism is a predictor of death anxiety, can emotional 
empathy be a predictor of death anxiety levels as well? 
Literature on this question seems to be missing. Thus, 
in this paper, we explore the relationship between 
empathy, egocentrism, and death anxiety. 
 
Furthermore, we looked at potential moderators like 
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age, as many studies show that people’s death anxie-
ty levels are associated with their age. Specifically, 
research suggests that as people get older, their death 
anxiety decreases (Rasmussen et al., 1996; Amjad, 
2014). Other studies show that adolescents tend to 
be more egocentric than older adults (Frankenberger, 
2000), indicating that age could be a moderator in the 
relationship between egocentrism and death anxiety. 

Current Research
 
The current study attempts to expand on existing lite-
rature by examining the relationship between empathy, 
egocentrism, and death anxiety. We hypothesize that 
emotional empathy is negatively correlated with death 
anxiety, whereas egocentrism is positively correlated 
with death anxiety. In other words, the more empathe-
tic one is, the less anxiety they experience regarding 
death, while the more egocentric one is, the greater 
their death anxiety. Additionally, we looked at poten-
tial moderators such as age. We used questionnaires 
and recruited participants through Amazon’s Mechani-
cal Turk.

II. Methods
 
We recruited 190 diverse participants via Amazon’s 
Mechanical Turk (Mage = 44.07, SDage = 15.69). 2 
of the participants did not complete the full survey 
and thus were not included. Among the remaining 
participants, 92 identified as men, 94 as women, one 
as non-binary, and one as transgender. In terms of 
racial demographics, 56.4% of participants identified 
as White, 11.7% as Black, 10.1% as Asian, 12.8% 
as Hispanic or Latino/a/x, 7.4% as multiracial, and 
1.6% did not specify their race. Participants comple-
ted surveys containing the Revised Death Anxiety 
Scale (RDAS), the Multidimensional Emotional Scale 
(MDEES), the Egocentrism Scale, the Allo-Inclusive 
Identity Scale, and demographic questions. The survey 
took approximately 10-15 minutes to complete, and 
participants were compensated $2 each. To minimize 
self-enhancement bias, we randomized item order in 
the MDEES and the Egocentrism Scale, making it 
hard to tell which traits we were trying to measure. 

The Revised Death Anxiety Scale (RDAS)
        
To measure participants’ death anxiety levels, we used 
the Revised Death Anxiety Scale (RDAS) develo-

ped by Thorson and Powell. The RDAS consists of 
15 items, including questions such as “I fear dying a 
painful death” and “Never feeling anything again after 
I die upsets me”. Participants answered on a 5-point 
Likert scale (1 = Strongly Disagree, 5 = Strongly 
Agree). The Scale demonstrates a high level of inter-
nal consistency (Cronbach’s α = 0.83), indicating high 
reliability (Thorson & Powell, 1992). 

The Multidimensional Emotional Scale (MDEES)
          
We used the Multidimensional Emotional Scale 
(MDEES) to measure participants’ level of emotional 
empathy. The MDEES contains 30 items such as “I 
feel happy when I see people laughing and enjoying 
themselves”; “It makes me mad to see someone trea-
ted unjustly”. Participants answered on a 7-point Li-
kert scale (1 = Strongly Disagree, 7 = Strongly Agree). 
The MDEES is reliable and valid and captures capaci-
ties distinct from IQ and working memory (Alloway et 
al., 2016). 

The Egocentrism Scale
          
We used the Egocentrism Scale to measure partici-
pants’ levels of egocentrism. The Egocentrism Scale 
contains a total of 8 items, including questions such 
as “I assume that everyone shares the same view I do, 
and I’m surprised when that’s not the case.” and “I 
just take care of myself, my problems, and my needs 
and let other people take care of themselves”. Partici-
pants answered on a 7-point Likert scale (1 = Stron-
gly Disagree, 7 = Strongly Agree). The Egocentrism 
scale demonstrates high structural validity, convergent 
validity, discriminant validity, predictive validity, and 
postdictive validity (Tajmirriyahi et al., 2020). 

The Allo-Inclusive Identity Scale
         
 To measure participants’ sense of oneness (i.e., self-
other merging), we used the Allo-Inclusive Identity 
Scale. We assessed participants’ self-other merging 
with their friends, family, country, and the world. For 
each question, participants chose from seven pairs of 
circles, where one circle represented the respondent 
and the other represented the entity. The pairs ranged 
from 1 (widest separation between the circles) to 7 
(closest overlap between the circles). The reliability of 
the scale is satisfactory (connectedness to others, α = 
.70; connectedness to the natural world, α = .85).



III. Results
 
Death anxiety, Egocentrism, and Age
To examine the relationship between egocentrism and 
death, a simple linear regression analysis was conduc-
ted. The overall model was significant (F (1, 185) = 
5.40, p = 0.02), explaining 2.84% of the variance in 
death (R² = 0.03). Egocentrism was a significant posi-
tive predictor of death anxiety (β = 0.41, SE = 0.18,  
p = 0.02), indicating that higher egocentrism is asso-
ciated with higher death anxiety levels. 
A separate simple linear regression analysis was then 
conducted to examine whether age predicts death 
anxiety levels. The overall model was significant (F 
(1, 185) = 11.14, p = 0.001), explaining 5.68% of the 
variance in death anxiety (R² = 0.06). Age was a signi-
ficant negative predictor of death anxiety (β = − 0.31, 
SE = 0.09, p = 0.001), indicating that death anxiety 
decreases as age increases. 
 
Since both egocentrism and age correlate with dea-
th anxiety, we conducted a simple linear regression 

analysis to examine the relationship between age and 
egocentrism. The overall model was significant  
(F (1, 185) = 19.82, p < 0.001), explaining 9.68% of 
the variance in ego (R²  = 0.097). Age was a signifi-
cant negative predictor of egocentrism (β = − 0.17,  
SE = 0.04, p < 0.001), indicating that egocentrism 
decreases as age increases.
 
We then analyzed the combined relationship between 
all three variables. We conducted a multiple linear 
regression analysis to assess whether death anxiety 
levels can be predicted based on egocentrism and age. 
The overall model was significant (F (2,184) = 6.57, 
p = 0.002), explaining 6.67% of the variance in death 
anxiety (R² = 0.07). Age was a significant predictor  
(β = − 0.27, SE = 0.097, p = 0.007), while ego was not 
(β = 0.25, SE = 0.18, p = 0.17). To examine whether 
death anxiety levels can be predicted based on egocen-
trism, age, and their interaction (ego × age), another 
multiple linear regression was conducted (Figure 1). 
The overall model was significant (F (3, 183) = 6.47, 
p < 0.001), explaining 9.59% of the variance in death 

Figure 1. Interaction Between Egocentrism and Age on Death Anxiety
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anxiety (R² = 0.096). The interaction term (β = 0.03, 
SE = 0.01, p = 0.02) indicates that the effect of ego-
centrism on death anxiety depends on age. Specifica-
lly, for older individuals, egocentrism has a stronger 
impact on death anxiety. For younger individuals, the 
relationship between egocentrism and death anxiety 
is weaker, suggesting that younger individuals may 
experience death anxiety less as a function of egocen-
trism compared to older individuals. These relations-
hips are visualized in Figure 1, which plots partici-
pants at the mean age (44.1 years old),  +1 SD (59.8 
years old), and -1 SD (28.4 years old). 
 
 
 

2. Death anxiety, Emotional Empathy, and Age 
 
To examine the relationship between death anxiety 
and emotional empathy and between death anxiety and 
self-other merging, separated simple linear regression 
analyses were conducted. However, neither emotional 
empathy (p = 0.39) nor self-other merging (p = 0.45) 
significantly predicted death anxiety. 

We then examined the relationship between age and 
emotional empathy using a simple linear regression.. 
The model was statistically significant (F (1, 185) = 
7.66, p = 0.006), explaining 3.97% of the variance in 
emotional empathy (R² = 0.04). Age was a significant 
positive predictor of emotional empathy (β = 0.33, SE 

Figure 2. Interaction Between Emotional Empathy and Age on Death Anxiety



= 0.12, p = 0.006). However, the effect size and model 
fit suggest that additional factors may have a stronger 
influence on emotional empathy than age.
 
Since we found an interaction between egocentrism 
and age on death anxiety, we suspected that the same 
interaction might exist between age and empathy. A 
multiple linear regression analysis (Figure 2) was con-
ducted to examine whether death anxiety levels can be 
predicted based on emotional empathy, age, and their 
interaction (emp × age). The overall model was signi-
ficant (F (3, 183) = 6.04, p < 0.001), explaining 9.01% 
of the variance in death anxiety (R² = 0.09). Empathy 
was a significant positive predictor (β = 0.44, SE = 
0.18, p = 0.02), while age alone was not significant (β 
= 0.58, SE = 0.46, p = 0.21). However, the interaction 
term (emp × age) was significant (β = − 0.008, SE = 
0.004, p = 0.04), suggesting that for younger indivi-
duals, the relationship between emotional empathy 
and death Anxiety is positive – higher emotional 
empathy is associated with higher death anxiety for 
younger individuals. For older individuals, emotional 
empathy has little to no effect on death anxiety. This 
contradicts our hypothesis. These relationships are 
visualized in Figure 2, which plots participants at the 
mean age (44.1 years old),  +1 SD (59.8 years old), 
and -1 SD (28.4 years old). 
 
IV. Discussion 

Understanding the factors that influence death anxiety 
is crucial because it affects one’s mental health, we-
ll-being, and quality of life. Death anxiety, an inevi-
table part of the human experience, can range from 
a passing concern to a debilitating fear that disrupts 
daily functioning. Prior research suggests that perso-
nality traits, such as egocentrism and emotional ca-
pacities, may play a role in shaping one’s experience 
of death anxiety. However, little is known about how 
these traits interact with or are influenced by develo-
pmental factors like age. To address these gaps, this 
study explored the relationships between egocentrism, 
emotional empathy, and death anxiety, as well as the 
moderating role of age. Using a sample of 190 diverse 
participants, the researchers employed validated scales 
to measure the above variables. Through a series of re-
gression analyses, the study provided nuanced insights 
into how these factors independently and interactively 
predict death anxiety, offering a deeper understanding 
of this universal yet highly individual experience.

Interpretation of Findings
 
Our results show that egocentrism was positively co-
rrelated with death anxiety, indicating that individuals 
with a higher self-focus tend to experience greater 
anxiety about mortality. This finding aligns with our 
hypothesis and prior literature, which suggests that 
a heightened focus on the self exacerbates concerns 
about one’s mortality (Kesebir et al., 2014). Howe-
ver, when controlling for age, egocentrism’s effect on 
death anxiety was no longer significant in the multiple 
regression model, suggesting that age may moderate 
or overshadow the direct relationship. 
 
Age was a significant negative predictor of death 
anxiety, with older individuals reporting lower levels 
of anxiety, consistent with previous studies (Rasmus-
sen et al., 1996; Amjad, 2014). This may be due to 
greater life experience, increased acceptance of morta-
lity, or shifts in priorities and worldview as individuals 
age. Additionally, the interaction between age and 
egocentrism revealed that egocentrism’s influence on 
death anxiety was stronger among older individuals 
than younger ones. This may be because younger 
individuals, who often perceive endless future possibi-
lities, channel self-focus into personal ambition, which 
distracts them from mortality. On the other hand, older 
individuals often have already passed the best time to 
build their success, so self-focus easily brings them 
to focus more on their morality and raises the anxiety 
associated with it. A third variable, health, may also 
be playing a role. For example, self-focus and death 
anxiety could both be a consequence of health pro-
blems in old age.
 
We did not find a direct association between emotional 
empathy and death anxiety. Interestingly, the interac-
tion between age and emotional empathy showed that 
younger individuals with higher emotional empathy 
experienced greater death anxiety, while this relations-
hip diminished for older individuals. This contrasts 
with our hypothesis, suggesting that emotional empa-
thy does not act as a buffer against death anxiety, and 
oftentimes even exacerbates it. One possible expla-
nation is that younger individuals with high emotio-
nal empathy internalize others’ pain and death more 
intensely, amplifying their own fears about mortality. 
In contrast, older individuals may have already lear-
ned to set boundaries and thus not let their empathy 
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cause them too much distress. Additionally, results 
also show that emotional empathy increases with age. 
However, age accounted for only a small proportion 
of the variance in emotional empathy, suggesting that 
other factors may play a more significant role.

Implications and Future Directions 

The moderating role of age and the different mecha-
nisms through which emotional empathy and egocen-
trism affect death anxiety highlight the importance 
of tailoring death anxiety mitigation interventions to 
the individual. For example, younger individuals with 
high levels of empathy may benefit from interventions 
that help them set boundaries and manage distress 
triggered by others’ sufferings, while older individuals 
who are hyper-self-focused might benefit from inter-
ventions targeting egocentrism. However, it is im-
portant to note that this study implies correlation, not 
causation. Thus, further exploration and experimental 
designs will be needed to confirm the effectiveness of 
specific interventions.   

Future studies can focus on the manipulation of 
emotional empathy and egocentrism and its impact on 
death anxiety, or the reverse – manipulate death anxie-
ty to assess how it influences how much one focuses 
on themselves and feels empathy for others. This 
will shed light on the causal relationships between 
the variables. In addition, to further understand the 
relationship between egocentrism and death anxiety, 
future studies can examine whether health issues may 
play a role in the relationship between death anxiety 
and self-focus among older individuals, and whether 
self-achievement acts as a distraction for death anxiety 
among younger individuals with higher egocentrism. 

Limitations 

This study is not without limitations. The use of 
self-reported measures may introduce biases such as 
social desirability or self-enhancement, potentially 
causing participants to score themselves higher on 
empathy than they actually are. Additionally, while the 
sample was diverse, participants were recruited from 
Amazon Mechanical Turk, which may limit genera-
lizability as it excludes participants who do not go 
online. The participants of the study were also on the 
older side (Mage = 44.07), thus the study might not be 
as applicable to younger adults, such as people in their 

20s. Future research should include broader popula-
tions and employ diverse approaches to validate and 
extend these findings.

Conclusion 

This study provides valuable insights into the complex 
interplay between egocentrism, emotional empathy, 
age, and death anxiety. While egocentrism was posi-
tively correlated with death anxiety, its influence was 
moderated by age. The interaction between emotio-
nal empathy and age revealed nuanced effects, with 
younger individuals experiencing greater death anxie-
ty when highly empathetic. These findings underscore 
the multifaceted and context-dependent nature of 
death anxiety, emphasizing the importance of perso-
nalized interventions to address this universal human 
experience. By integrating developmental and emotio-
nal perspectives, this research contributes to a deeper 
understanding of the psychological factors influencing 
death anxiety and opens avenues for future studies to 
explore causal relationships and expand upon these 
findings. Despite its limitations, this study serves as a 
foundation for more targeted approaches to reducing 
death anxiety, enhancing well-being, and fostering 
resilience across diverse populations.
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Abstract
 

Neurodegenerative diseases, such as Alzheimer’s disease, Parkinson’s disease, and amyotrophic lateral 
sclerosis, are characterized by progressive neuronal dysfunction and cell death. Complex genetic and 
environmental landscapes underlie the etiology of these conditions, which influences a highly heterogeneous 
clinical symptomatology. However, the precise mechanisms underlying these conditions remain unclear. 
Recent studies have revealed that the misfolding and aggregation of normally occurring proteins, 
particularly amyloid-β, tau, and α-synuclein, are central to disease pathogenesis. These misfolded proteins 
induce cellular toxicity by triggering oxidative stress, impairing mitochondrial function, and activating 
inflammatory responses. Additionally, disruptions in protein homeostasis contribute to the accumulation of 
toxic aggregates. Cellular processes such as synaptic dysfunction, axonal transport deficits, and the initiation 
of programmed cell death (e.g. apoptosis, necroptosis, pyroptosis) further exacerbate neurodegenerative 
progression. The recent discovery of cellular pathways that regulate epigenetics and mediate the prion-like 
spread of misfolded proteins offers new insights into disease etiology. These discoveries can be further 
studied in vitro using induced pluripotent stem cells (iPSC) and transgenic animal models. Both of these 
experimental paradigms have emerged as valuable tools to investigate these mechanisms and to translate 
laboratory findings into targeted clinical interventions. However, significant challenges remain, including 
navigating the complexity of disease-specific pathways and effectively translating preclinical findings to 
clinical therapies. This review aims to synthesize current knowledge in the literature about the underlying 
mechanisms of neurodegeneration, highlight recent therapeutic advances, and suggest key challenges and 
directions for future research.

Key words: neuroinflammation, proteostasis, microglia, epigenetics, bioenergetics

A Review of the Molecular and Cellular Mechanisms Underlying 
Neurodegeneration
by Anuragh Sriram

Introduction 
 
Neurodegenerative diseases represent a diverse array 
of disorders that impart a significant global health 
challenge, affecting nearly 8 million people in the US 
alone. This places a substantial burden on caregivers 
and the larger healthcare system. These disorders, in-
cluding Alzheimer’s disease (AD), Parkinson’s disease 
(PD), Huntington’s disease (HD), and amyotrophic la-
teral sclerosis (ALS), are characterized by irreversible 
cognitive, motor, and behavioral impairments. These 
symptoms primarily arise due to the aggregation of 
misfolded proteins, further promoting widespread 
neuroinflammation and cell death. Despite advances in 
understanding their clinical features and risk factors, 
effective treatments that halt or reverse neurodegene-
ration remain elusive.   

Neurodegeneration has a complex pathobiology that 
broadly encompasses biological processes that dis-
rupt neuronal function. Key mechanisms, such as 

protein misfolding and aggregation, oxidative stress, 
mitochondrial dysfunction, neuroinflammation, glial 
damage,and impaired protein clearance pathways,have 
emerged as central themes. While the clinical manifes-
tations of these processes vary across specific disor-
ders, they share overlapping features. This suggests 
that common cellular pathways may drive neuronal 
vulnerability and cell death (Figure 1). 

Understanding the intricate molecular and cellular 
mechanisms underlying neurodegeneration is essen-
tial for identifying novel therapeutic targets for these 
diseases. Advances in technologies, such as single-ce-
ll RNA sequencing (scRNA-seq), high-resolution 
imaging, genome-wide association studies (GWAS), 
and induced pluripotent stem cell (iPSC) models, 
have provided unprecedented insights into disease 
mechanisms. Moreover, recent findings implicating 
the gut-brain axis, prion-like propagation of misfolded 
proteins, and the role of metabolic alterations have 
further expanded our understanding of some additio-
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nal factors contributing to neurodegeneration. 

This review aims to provide a comprehensive over-
view of the molecular and cellular mechanisms that 
drive neurodegeneration, focusing on shared and 
disease-specific pathways. This review focuses on four 

key diseases: AD, PD, HD, and ALS. By integrating 
insights from diverse in vitro models and experimental 
approaches, this review seeks to highlight well-esta-
blished and emerging mechanisms, identify gaps in 
current knowledge, and discuss their implications for 
therapeutic development. 

Figure 1. Schematic representation of the predominant cellular mechanisms that can promote  
neurodegeneration. Created in BioRender. 



Key Molecular Mechanisms/Cellular Pathways 

I. Protein Aggregation  

Neurodegenerative diseases are typically characterized 
by the accumulation of misfolded proteins that disrupt 
cellular homeostasis and lead to progressive neuronal 
and glial dysfunction and death. Protein misfolding 
and aggregation are key pathological features of AD, 
PD, HD, and ALS. Despite differences in the specific 
proteins involved and their clinical manifestations, 
these diseases share overlapping pathogenic mecha-
nisms related to the failure of protein homeostasis, 
commonly referred to as proteostasis. 

In AD, the misfolding of amyloid-β-42 (Aβ1-42) pep-
tides triggers the formation of extracellular plaques. 
According to the amyloid cascade hypothesis, the 
formation of plaques is thought to promote a neuroin-
flammatory response that dysregulates the kinases that 
act on a protein called tau.9 Tau is a microtubule-as-
sociated protein that provides structural support to the 
neuron, thereby representing a critical element con-
ferring homeostasis. The level and location of phos-
phorylation on tau must be tightly regulated to ensure 
that tau properly regulates the integrity of microtubu-
les.When tau kinases are dysregulated, tau becomes 
hyperphosphorylated. This form of tau is likely to ag-
gregate and form intracellular neurofibrillary tangles.
These pathological changes can cause microtubule 
disassembly, which disrupts neuronal communication 
by blocking the transport of neurotransmitters, organe-
lles, and proteins along the length of the axon. 

The accumulation of tau and Aβ1-42 induces oxida-
tive stress and activates pro-inflammatory signaling 
pathways, such as the nuclear factor kappa-B (NF-
κB) and cyclic GMP-AMP synthase-stimulator of 
interferon gene (cGAS-STING)15 pathways within 
microglia and astrocytes. These cellular changes have 
been shown to lead to widespread cortical atrophy and 
cognitive decline. 

Similar to AD, (PD) is characterized by the accumula-
tion of misfolded proteins. When the protein α-synu-
clein misfolds, it forms intracellular aggregates known 
as Lewy bodies. Lewy bodies interfere primarily with 
proteostasis and mitochondrial function in dopami-
nergic neurons of the substantia nigra pars compacta 
(SNc).The SNc is a region of the brain that regulates 

muscle control and tone and is highly dependent on 
dopamine for proper physiology. Consequently, the 
death of SNc dopaminergic neurons promotes the 
onset of canonical motor symptoms associated with 
PD.20 These symptoms include a resting tremor, limb 
rigidity, postural instability, and bradykinesia (slow-
ness of movement).
 
Unlike PD and AD, HD is solely caused by genetic 
factors. These patients carry highly penetrant autoso-
mal dominant mutations in the HTT (huntingtin) gene. 
These mutations are characterized as trinucleotide 
repeats, as HT patients have 36-120 CAG repeats in 
the HTT gene. Most individuals normally possess 
less than 36 CAG repeats in the HTT gene. This leads 
to the production of a mutant huntingtin protein that 
forms polyglutamine aggregates within neurons of the 
striatum. This impairs transcriptional regulation, intra-
cellular transport, and mitochondrial function. These 
cellular deficits steadily advance motor dysfunction 
and cognitive decline over 10–20 years. 

In ALS, upper and lower motor neurons are found to 
contain four distinct intracellular inclusions. These 
include the RNA-binding protein transactive response 
DNA binding protein 43 kDa (TDP-43), the enzyme 
superoxide dismutase 1 (SOD1), RNA foci, and dipep-
tide repeats. TDP-43 aggregates are most commonly 
seen, followed by SOD1, and then RNA foci and di-
peptide repeats. SOD1 is a cytosolic enzyme that con-
verts the harmful superoxide anion (O2-) to hydrogen 
peroxide (H2O2), which can be further broken down 
into water and oxygen by the cell. This is a critical 
process for mitigating oxidative stress.  However, the 
muscle weakness and atrophy resulting from motor 
neuron death are most commonly associated with 
TDP-43 aggregates. These complexes translocate from 
the nucleus to the cytosol, where they accumulate. 
This disrupts the processing and translation of proteins 
involved in RNA metabolism (ATXN1 and ATXN2) 
and cytoskeletal integrity (STMN2) within motor neu-
rons. As these TDP-43-dependent proteins orchestrate 
critical elements of synaptic transmission, intracellular 
transport, and proteostasis, their dysregulated syn-
thesis represents a hallmark of ALS pathophysiology. 
Their integral contribution is why TDP-43 and SOD1 
have emerged as key therapeutic targets for ALS inter-
ventions. 

At the cellular level, the maintenance of proteostasis is 
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orchestrated by a complex network of molecular cha-
perones, including the ubiquitin-proteasome system 
(UPS), and autophagy-lysosomal pathways. Molecular 
chaperones, such as heat shock proteins, facilitate pro-
per protein folding and prevent aggregation. However, 
in neurodegenerative diseases, an overwhelmed or 
dysfunctional chaperone system can lead to toxic pro-
tein accumulation. The UPS, which degrades misfol-
ded proteins through ubiquitination and proteasomal 
degradation, is impaired in all four neurodegenerative 
diseases. This leads to the accumulation of protein 
aggregates. Autophagy, another crucial protein degra-
dation pathway, is particularly dysregulated in PD and 
ALS, further exacerbating the burden of misfolded 
proteins. 

Understanding the complex interplay of protein 
misfolding and aggregation across neurodegenerative 
diseases is critical for developing effective therapeu-
tic interventions. By integrating insights from disea-
se-specific and shared pathogenic mechanisms, resear-
chers aim to design targeted therapies that address the 
underlying molecular disruptions and provide relief 
for patients suffering from these devastating disorders.

II. Oxidative Stress and Mitochondrial Dysfunction
Neurons have high metabolic demands and limited 
regenerative capacity, making them especially vul-
nerable to oxidative damage and mitochondrial dys-
function. At the mechanistic level, oxidative stress and 
mitochondrial dysfunction contribute to neurodege-
neration by promoting cellular damage and impairing 
energy production. Mitochondria serve as the primary 
source of cellular ATP through oxidative phosphoryla-
tion, but they also produce reactive oxygen species 
(ROS) as a byproduct of metabolic activity. In healthy 
cells, antioxidant defenses such as superoxide dis-
mutase (SOD), catalase, and glutathione peroxidase 
counteract ROS. However, in neurodegenerative 
diseases, the balance between ROS production and 
antioxidant defenses is disrupted, leading to oxidative 
stress and cellular damage. Furthermore, the failure of 
proteostasis increases neuronal stress, further com-
promising their bioenergetic capacity and priming 
them for neurodegeneration. Therefore, mitochondrial 
pathways are often implicated in the pathophysiology 
of neurodegenerative diseases.  

In Alzheimer’s disease, the accumulation of amyloid-β 
(Aβ) peptides and hyperphosphorylated tau proteins 

exacerbates mitochondrial dysfunction, leading to 
increased ROS production and oxidative damage to li-
pids, proteins, and DNA. Mitochondrial abnormalities 
in AD include impaired bioenergetics, altered mito-
chondrial dynamics (fusion and fission), and defective 
transport within neurons. This ultimately contributes 
to synaptic failure and cognitive decline.  

In Parkinson’s disease, mitochondrial dysfunction is 
considered a primary driver of dopaminergic neuro-
nal loss in the substantia nigra. Autosomal recessive 
mutations in genes such as PINK1, PRKN, and DJ-1 
are associated with familial and sporadic PD. These 
three genes regulate mitochondrial quality control 
and oxidative stress responses. Mutations in those 
aforementioned genes result in defective mitophagy, 
accumulation of damaged mitochondria, and exces-
sive ROS production. Dopamine oxidation increases 
oxidative stress, generating toxic quinones that disrupt 
mitochondrial function. Reduced energy production 
can activate apoptotic pathways, leading to dopami-
nergic neuron loss. 
 
Similarly, mutant huntingtin protein in HD leads to 
mitochondrial fragmentation, calcium dysregulation, 
and oxidative stress, which impair neuronal bioener-
getics and exacerbate neurotoxicity. Mutant huntingtin 
protein disrupts mitochondrial membranes and elec-
tron transport chain function, causing energy deficits 
in affected neurons. 

Multiple therapeutic strategies targeting mitochondrial 
dysfunction and oxidative stress have been develo-
ped. Antioxidant therapies, such as coenzyme Q10, 
N-acetylcysteine, and mitochondrial-targeted peptides 
like MitoQ, have shown promise in preclinical mo-
dels. Additionally, interventions aimed at enhancing 
mitochondrial biogenesis, improving mitophagy, and 
modulating mitochondrial dynamics offer potential 
therapeutic avenues. Lifestyle interventions, including 
caloric restriction and exercise, have also been found 
to enhance mitochondrial function and reduce oxidati-
ve stress in neurodegenerative disease models. 

III. Neuroinflammation 

Chronic neuroinflammation is an overarching patho-
logical hallmark that has only recently been attributed 
to the pathogenesis of neurodegeneration (Figure 2). 
Neuroinflammation is primarily driven by the activa-



tion of the brain’s resident immune cells, microglia, 
and to a lesser extent, astrocytes as well. These glial 
cells respond to various stimuli, including protein 
aggregates, inflammatory cytokines, and oxidative 
stress. While acute neuroinflammation can serve a 
protective role during brain injury and disease, chronic 
neuroinflammation contributes to neuronal damage 
and neurodegenerative disease progression. 

Several key factors contribute to the persistence of 
neuroinflammation, including microglial priming, 
astrocytic dysfunction, and peripheral immune system 
interactions. Aging and genetic predispositions in ge-
nes associated with inflammatory signaling nodes such 
as TREM2, APOE4, PLCG2, and CD33 can cause 
microglia to transition to a state in which they become 
hyper responsive to stimuli. This group of microglia is 
often defined as disease-associated microglia (DAM). 
DAM microglia are transcriptionally and functiona-
lly distinct from resting, homeostatic microglia. The 
activation of DAM microglia by pathologic triggers 
can initiate inflammatory cascades throughout the 
brain. These triggers include the protein aggregates 
described in the first section.  

Astrocytes play a critical role in maintaining synaptic 
homeostasis and the structural and functional integri-
ty of the blood-brain barrier (BBB). Dysfunction of 
astrocytes in the context of neurodegeneration leads 
to the loss of neuroprotective functions. Patients often 
exhibit protein aggregation within blood vessels and 
microvascular structures. Increased soluble protein 
levels and loss of hydrostatic flux contribute to brain 
edema, triggering an inflammatory response. Additio-
nally, the breakdown of the BBB due to less astrocytic 
regulation has been documented to encourage the in-
filtration of peripheral immune cells into the brain and 
the further release of pro-inflammatory cytokines.
The presence of Aβ1-42 plaques and tau tangles tri-
ggers a persistent inflammatory response. Microglia, 
which are responsible for clearing plaques, become 
chronically activated, releasing pro-inflammatory 
cytokines such as tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), and interleukin-6 (IL-6). This 
sustained activation contributes to excessive synap-
tic pruning, neuronal loss, and the breakdown of the 
BBB, exacerbating disease pathology. 

In PD, neuroinflammation is driven by the selective 
accumulation of α-synuclein aggregates in dopaminer-

gic neurons. α-synuclein affects dopaminergic neurons 
and induces non-cell autonomous effects. For exam-
ple, α-synuclein can directly bind to mitochondria 
in microglia and destabilize the mitochondrial outer 
membrane, which causes the release of ROS, mito-
chondrial membrane lipids, and inflammatory media-
tors that contribute to oxidative damage and apoptosis. 
The gut-brain axis also plays a role in PD-related 
neuroinflammation, as systemic inflammation and 
gut-derived Lewy bodies may worsen neurodegenera-
tion in the SNc. 

Just like in AD and PD, HD is characterized by increa-
sed microglial activation and astrocytic dysfunction. 
The release of inflammatory cytokines such as IL-
1β and TNF-α has been linked to excitotoxicity and 
neuronal loss in the striatum. In addition, impaired 
astrocytic glutamate uptake contributes to synaptic 
dysfunction.  

In amyotrophic lateral sclerosis, activated microglia 
and astrocytes contribute to disease progression by 
releasing toxic factors such as nitric oxide, glutama-
te, and pro-inflammatory cytokines. This enhances 
the phenotypic effects of mutations in genes such 
as SOD1, chromosome 9 open reading frame 72 
(C9orf72), and TDP-43, leading to increased glial 
reactivity and immune system dysregulation and 
creating a feedback loop that then accelerates neuronal 
loss. 

The molecular mechanisms underlying neuroinflam-
mation in neurodegenerative diseases include the 
activation of pattern recognition receptors such as To-
ll-like receptors and the nucleotide-binding oligome-
rization domain-like receptors. These receptors detect 
damage-associated molecular patterns (DAMPs) relea-
sed by dying neurons and initiate inflammatory signa-
ling cascades via the nuclear factor-kappa B (NF-κB) 
and NLRP3 inflammasome pathways. Dysregulation 
of these pathways leads to the chronic production of 
inflammatory mediators that further damage neurons 
and impair cellular homeostasis. 

While neuroinflammation has traditionally been 
viewed as a detrimental process, recent evidence 
suggests that modulating inflammatory responses may 
offer therapeutic potential. Anti-inflammatory thera-
pies, including nonsteroidal anti-inflammatory drugs 
(NSAIDs), cytokine-targeting agents, and microglial 
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modulators, are being explored to mitigate neuroin-
flammation and slow disease progression. Microglia, 
in particular, have emerged as a novel cellular model 
to target, as they are key cellular drivers in disease 
progression. Additionally, lifestyle interventions such 
as diet, exercise, and stress reduction have been shown 

to reduce neuroinflammatory markers and improve 
cognitive function. Future research aims to identi-
fy biomarkers for early detection and intervention, 
paving the way for personalized approaches to treating 
neurodegenerative diseases.

Figure 2. Schematic illustrating the overarching role of neuroinflammation in the pathology of major neurode-
generative diseases.

IV. Epigenetics 

Epigenetic modifications, including DNA methylation, 
histone modifications, and non-coding RNAs, play a 
critical role in regulating gene expression in the brain 
without affecting the nucleotide sequence. Emerging 
evidence suggests that epigenetic dysregulation plays 
a key role in the pathogenesis of neurodegenerative di-
seases. These modifications influence cellular proces-
ses such as neuronal plasticity, oxidative stress respon-
se, and neuroinflammation, all of which are implicated 
in disease progression. 

In AD, aberrant DNA methylation patterns have been 
observed in genes associated with amyloid precursor 
protein (APP) processing, tau phosphorylation, and 
neuroinflammation. APP is the precursor protein of 
Aβ1-42. Hypomethylation of the APP promoter region 
has been linked to increased Aβ1-42 production, 
contributing to plaque formation and synaptic dys-
function. Furthermore, histone modifications such as 
altered acetylation and methylation patterns have been 
reported in AD brains, leading to transcriptional dys-
regulation of genes involved in memory and synaptic 
function.80 Non-coding RNAs, particularly microR-
NAs (miRNAs), have also been implicated in AD, 



with altered miRNA profiles contributing to amyloid 
plaque formation, tau aggregation, and neuroinflam-
mation. Two such miRNAs are miR-155 and miR-146, 
which modulate the transcription of inflammatory 
genes.
 
In PD, epigenetic changes have been observed in 
genes regulating mitochondrial function and oxidative 
stress responses. Studies have reported altered DNA 
methylation of the alpha-synuclein (SNCA) gene, 
which is central to PD pathology. Hypomethylation 
of SNCA leads to increased protein expression and 
aggregation in dopaminergic neurons. Histone modifi-
cations, particularly decreased acetylation of histones 
H3 and H4, result in the repression of neuroprotective 
genes, exacerbating neuronal vulnerability. Additiona-
lly, dysregulated miRNAs, such as miR-133b, which 
regulate the differentiation of dopaminergic neurons, 
have been shown to hinder the regrowth of dopami-
nergic circuitry within the SNc during PD. 

HT exhibits significant epigenetic alterations, inclu-
ding changes in DNA methylation and histone modi-
fications. The mutant huntingtin protein interacts with 

chromatin-modifying enzymes, leading to transcrip-
tional dysregulation and neuronal toxicity. Histone 
deacetylation, in particular, has been implicated in 
gene silencing and reduced expression of neuroprotec-
tive factors. Therapeutic strategies targeting histone 
acetylation, such as histone deacetylase 6 (HDAC6) 
inhibitors, have shown promise in preclinical models 
of HD by restoring transcriptional balance and impro-
ving neuronal survival. 

In ALS, epigenetic mechanisms contribute to disease 
onset and progression through dysregulated DNA me-
thylation, histone modifications, and non-coding RNA 
expression. Abnormal DNA methylation patterns have 
been observed in ALS-related genes such as SOD1, 
FUS, and C9orf72, leading to aberrant gene expres-
sion and cellular dysfunction. Histone acetylation and 
methylation changes further exacerbate disease patho-
logy by impairing stress response pathways and ce-
llular homeostasis. Dysregulated miRNA expression, 
such as increased levels of miR-155, has been linked 
to neuroinflammation and motor neuron degeneration. 
 
 

Figure 3. Schematic depicting major epigenetic mechanisms contributing to neurodegeneration.  
Small molecules have been developed to influence the epigenetic landscape within neuronal cells, which could serve therapeutic pur-

poses for various neurodegenerative diseases. Made in BioRender.
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The mechanisms underlying epigenetic alterations in 
neurodegenerative diseases are influenced by genetic, 
environmental, and lifestyle factors. Exposure to envi-
ronmental toxins, diet, stress, and aging all contribute 
to epigenetic changes that may predispose individuals 
to neurodegeneration.90 Understanding the interplay 
between these factors and epigenetic modifications is 
crucial for developing targeted interventions. 

Targeting epigenetic modifications is a promising 
strategy for mitigating neurodegenerative disease 
progression (Figure 3). Pharmacological agents such 
as DNA methyltransferase inhibitors, histone dea-
cetylase inhibitors, and miRNA-based therapies are 
being investigated for their potential to restore normal 
gene expression patterns and provide neuroprotection. 
Additionally, lifestyle interventions such as dietary 
modifications, exercise, and cognitive stimulation 
have been shown to influence epigenetic marks and 
may offer complementary therapeutic benefits. 
 
 

Therapeutic Implications
Advances in understanding the molecular and cellular 
mechanisms of neurodegeneration have led to diverse 
therapeutic strategies aimed at halting or reversing 
disease progression. One major approach for AD that 
was recently FDA-approved involves targeting protein 
misfolding and aggregation with monoclonal antibo-
dies (e.g., lecanemab and donanemab) directed against 
Aβ protofibrils (Figure 4). 

Enhancing cellular clearance mechanisms, such as 
autophagy and proteasomal degradation, is also being 
explored as a means to reduce toxic protein accumu-
lation. Mitochondrial dysfunction, a key driver of 
neurodegeneration, has prompted the development of 
compounds such as nicotinamide riboside and coen-
zyme Q10 to restore bioenergetic function. Similarly, 
neuroinflammation is being addressed through thera-
pies that modulate microglial activation and inhibit 
pro-inflammatory cytokines, including NLRP3 inflam-
masome inhibitors.

Figure 4. Representation of the reversible Aβ aggregation scheme, along with the proposed mechanism of action for Aβ monoclonal 
antibodies. A: Aβ begins as a single monomer. These monomers can bind to other monomers and oligomerize into soluble Aβ oligo-

mers. These soluble Aβ species constitute the periphery of Aβ plaques. Soluble protofibrils can then fibrillize into insoluble Aβ fibrils, 
which accumulate within the core of the plaque. This process is reversible, and removing soluble Aβ oligomers in the periphery may 
shift the equilibrium toward plaque dissolution. B: Lecanemab and donanemab target against Aβ protofibrils. It is believed that the 
binding of these antibodies (purple and pink) to Aβ protofibrils promotes the degradation of soluble Aβ species by microglia (green 

cells), thereby removing the plaque. Figure adapted from Gwenn Garden.

A)

B)



Gene-editing technologies, including CRISPR/Cas9 
and antisense oligonucleotides (ASOs), aim to mo-
dify disease-causing mutations in HD and ALS. In 
ALS, the FDA has approved an ASO targeting SOD1 
(Tofersen), while an ASO for C9orf72 is currently 
in Phase II clinical trials. This ASO would represent 
another key advancement in actively treating ALS if 
approved. Nevertheless, stem cell-based therapies, 

including the transplantation of neural progenitor cells 
and iPSC-derived neurons, hold additional promise 
for neuronal replacement and functional restoration. 
Advances in brain drug delivery, including nanoparti-
cle-based carriers and focused ultrasound, may enhan-
ce the penetration of neuroprotective agents across the 
blood-brain barrier for treating AD and PD.

Figure 5. Representation of the mechanism of action for the ASO Tofersen in ALS. In roughly 25% of all ALS cases, the SOD1 pro-
tein can form cytosolic aggregates that are visible within motor neurons. SOD1 normally mitigates oxidative stress by converting har-
mful ROS into hydrogen peroxide, which can be further broken down into water and oxygen. When SOD1 aggregates appear, the cell 

has an impaired ability to process the ROS formed from cellular respiration, leading to oxidative stress and mitochondrial dysfunc-
tion. Tofersen is an ASO that is targeted against the SOD1 mRNA. Binding of the ASO prevents mRNA translation and production of 
mutant SOD1 proteins. This reduces the capacity for SOD1 to aggregate and induce mitochondrial and cellular damage through ROS. 

Despite these advances, significant challenges remain 
in clinically modulating disease-associated pathways 
in a manner that provides therapeutic benefit. For 
instance, many clinical trials targeting protein aggre-
gation and inflammation have yielded limited success, 
underscoring the complexity of these diseases. Preci-
sion medicine approaches and leveraging patient-spe-
cific biomarkers may improve treatment outcomes. 
Additionally, integrating multi-omics analyses, arti-
ficial intelligence-driven drug discovery, and combi-
nation therapies targeting multiple disease pathways 
may provide more effective interventions in the future. 
Addressing these challenges will be essential for 
translating mechanistic insights into meaningful clini-
cal breakthroughs. 

Conclusion 

The molecular and cellular mechanisms underlying 
neurodegeneration are complex and multifactorial, 
involving intricate interactions between genetic, en-
vironmental, and cellular factors. Key processes such 
as protein misfolding, impaired protein degradation, 
mitochondrial dysfunction, neuroinflammation, and 
synaptic disruption contribute significantly to neuronal 
loss and dysfunction in neurodegenerative diseases. 
Advances in understanding these mechanisms have re-
vealed potential therapeutic targets and pathways that 
may offer hope for future treatments. However, signi-
ficant challenges remain in translating these insights 
into effective interventions. Ongoing research is cru-
cial for developing targeted therapies to halt or reverse 
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disease progression and improve patient outcomes. 

References 
Mayne, K., White, J. A., McMurran, C. E., Rivera, F. J. & de la Fuente, A. G. 
Aging and neurodegenerative disease: is the adaptive immune system a friend or 
foe? Front. Aging Neurosci. 12, 572090 (2020). 
 
Parkinson, J. An essay on the shaking palsy. 1817. J. Neuropsychiatry Clin. Neu-
rosci. 14, 223–236 (2002). 

Goetz, C. G. The history of Parkinson’s disease: early clinical descriptions and 
neurological therapies. Cold Spring Harb. Perspect. Med. 1, a008862 (2011). 

Rogers, J., Luber-Narod, J., Styren, S. D. & Civin, W. H. Expression of immune 
system-associated antigens by cells of the human central nervous system: rela-
tionship to the pathology of Alzheimer’s disease. Neurobiol. Aging 9, 339–349 
(1988) 

Duffy, P. E., Rapport, M. & Graf, L. Glial fibrillary acidic protein and Alzhei-
mer-type senile dementia. Neurology 30, 778–782 (1980). 

McGeer, P. L., Itagaki, S., Boyes, B. E. & McGeer, E. G. Reactive microglia 
are positive for HLA-DR in the substantia nigra of Parkinson’s and Alzheimer’s 
disease brains. Neurology 38, 1285–1291 (1988). 

McGeer, P. L., Itagaki, S., Tago, H. & McGeer, E. G. Reactive microglia in 
patients with senile dementia of the Alzheimer type are positive for the histocom-
patibility glycoprotein HLA-DR. Neurosci. Lett. 79, 195–200 (1987). 

McGeer, P. L., Itagaki, S. & McGeer, E. G. Expression of the histocompatibility 
glycoprotein HLA-DR in neurological disease. Acta Neuropathol. 76, 550–557 
(1988). 

Kinney, J. W. et al. Inflammation as a central mechanism in Alzheimer’s disease. 
Alzheimers Dement. 4, 575–590 (2018). 

Dickson, D. W., Lee, S. C., Mattiace, L. A., Yen, S. H. & Brosnan, C. Microglia 
and cytokines in neurological disease, with special reference to AIDS and Alzhei-
mer’s disease. Glia 7, 75–83 (1993). 

Banati, R. B., Gehrmann, J., Schubert, P. & Kreutzberg, G. W. Cytotoxicity of 
microglia. Glia 7, 111–118 (1993). 

McGeer, P. L. et al. Microglia in degenerative neurological disease. Glia 7, 84–92 
(1993). 

Ling, E. A. & Wong, W. C. The origin and nature of ramified and amoeboid mi-
croglia: a historical review and current concepts. Glia 7, 9–18 (1993). 

Hammond, T. R., Marsh, S. E. & Stevens, B. Immune signaling in neurodegene-
ration. Immunity 50, 955–974 (2019). 

Hong, S. et al. Complement and microglia mediate early synapse loss in Alzhei-
mer mouse models. Science 352, 712–716 (2016). 

Sosna, J. et al. Early long-term administration of the CSF1R inhibitor PLX3397 
ablates microglia and reduces accumulation of intraneuronal amyloid, neuritic 
plaque deposition and pre-fibrillar oligomers in 5XFAD mouse model of Alzhei-
mer’s disease. Mol. Neurodegener. 13, 11 (2018). 

Shi, Q. et al. Complement C3 deficiency protects against neurodegeneration in 
aged plaque-rich APP/PS1 mice. Sci. Transl. Med. 9, eaaf6295 (2017). 

Hanisch, U. K. & Kettenmann, H. Microglia: active sensor and versatile effector 
cells in the normal and pathologic brain. Nat. Neurosci. 10, 1387–1394 (2007).  

Bernier, L. P. et al. Microglial metabolic flexibility supports immune surveillance 
of the brain parenchyma. Nat. Commun. 11, 1559 (2020). 

Bright, F., Chan, G., van Hummel, A., Ittner, L. M. & Ke, Y. D. TDP-43 and 
Inflammation: implications for amyotrophic lateral sclerosis and frontotemporal 
dementia. Int. J. Mol. Sci. 22, 7781 (2021). 

Mou, Y. et al. Gut microbiota interact with the brain through systemic chronic 
inflammation: implications on neuroinflammation, neurodegeneration, and aging. 
Front. Immunol. 13, 796288 (2022). 

Park, J. & Kim, C. H. Regulation of common neurological disorders by gut 
microbial metabolites. Exp. Mol. Med. 53, 1821–1833 (2021). 

McGrattan, A., Stewart, C. J., Cassidy, A., Woodside, J. V. & McEvoy, C. T. Diet 
patterns, the gut microbiome, and Alzheimer’s disease. J. Alzheimer’s Dis. 88, 
933-941 (2022). 

Zheng, X. et al. Progranulin deficiency promotes persistent neuroinflammation 
and causes regional pathology in the hippocampus following traumatic brain 
injury. Glia 70, 1317–1336 (2022). 

Duro, M. V., Ebright, B. & Yassine, H. N. Lipids and brain inflammation in 
APOE4-associated dementia. Curr. Opin. Lipidol. 33, 16–24 (2022). 

Schwartz, M. & Baruch, K. The resolution of neuroinflammation in neurodegene-
ration: leukocyte recruitment via the choroid plexus. EMBO J. 33, 7–22 (2014). 

2020 Alzheimer’s disease facts and figures. Alzheimers Dement. 17, 327-406 
(2020). 

Otani, K. & Shichita, T. Cerebral sterile inflammation in neurodegenerative disea-
ses. Inflamm. Regen. 40, 28 (2020). 

Villemagne, V. L. et al. Amyloid beta deposition, neurodegeneration, and cogni-
tive decline in sporadic Alzheimer’s disease: a prospective cohort study. Lancet 
Neurol. 12, 357–367 (2013). 

Jack, C. R. Jr. et al. Brain beta-amyloid load approaches a plateau. Neurology 80, 
890–896 (2013). 

Pontecorvo, M. J. et al. Relationships between flortaucipir PET tau binding 
and amyloid burden, clinical diagnosis, age and cognition. Brain 140, 748–763 
(2017). 
 
Heneka, M. T., Kummer, M. P. & Latz, E. Innate immune activation in neurode-
generative disease. Nat. Rev. Immunol. 14, 463–477 (2014). 

Linnerbauer, M., Wheeler, M. A. & Quintana, F. J. Astrocyte crosstalk in CNS 
inflammation. Neuron 108, 608–622 (2020). 

Onyango, I. G., Jauregui, G. V., Carna, M., Bennett, J. P., Jr. & Stokin, G. B. 
Neuroinflammation in Alzheimer’s disease. Biomedicines 9, 524 (2021). 

Hansen, D. V., Hanson, J. E. & Sheng, M. Microglia in Alzheimer’s disease. J. 
Cell Biol. 217, 459–472 (2018). 

Costantini, E., D’Angelo, C. & Reale, M. The role of immunosenescence in neu-
rodegenerative diseases. Mediators Inflamm. 2018, 6039171 (2018). 

Meda, L., Baron, P. & Scarlato, G. Glial activation in Alzheimer’s disease: the 
role of Abeta and its associated proteins. Neurobiol. Aging 22, 885–893 (2001).

Tan, Z. S. & Seshadri, S. Inflammation in the Alzheimer’s disease cascade: culprit 
or innocent bystander? Alzheimers Res. Ther. 2, 6 (2010). 

Hur, J. Y. et al. The innate immunity protein IFITM3 modulates gamma-secretase 
in Alzheimer’s disease. Nature 586, 735–740 (2020). 

Nisbet, R. M., Polanco, J. C., Ittner, L. M. & Gotz, J. Tau aggregation and its 
interplay with amyloid-beta. Acta Neuropathol. 129, 207–220 (2015). 

Yoshiyama, Y. et al. Synapse loss and microglial activation precede tangles in a 
P301S tauopathy mouse model. Neuron 53, 337–351 (2007). 

Maphis, N. et al. Reactive microglia drive tau pathology and contribute to the 
spreading of pathological tau in the brain. Brain 138, 1738–1755 (2015). 

Guo, T., Noble, W. & Hanger, D. P. Roles of tau protein in health and disease. 
Acta Neuropathol. 133, 665–704 (2017). 

Newcombe, E. A. et al. Inflammation: the link between comorbidities, genetics, 



and Alzheimer’s disease. J. Neuroinflamm. 15, 276 (2018). 

Dani, M. et al. Microglial activation correlates in vivo with both tau and amyloid 
in Alzheimer’s disease. Brain 141, 2740–2754 (2018). 

Meng, J. X. et al. Hyperphosphorylated tau self-assembles into amorphous aggre-
gates eliciting TLR4-dependent responses. Nat. Commun. 13, 2692 (2022). 

Welikovitch, L. A. et al. Early intraneuronal amyloid triggers neuron-derived 
inflammatory signaling in APP transgenic rats and human brain. Proc. Natl Acad. 
Sci. USA 117, 6844–6854 (2020). 

Venegas, C. & Heneka, M. T. Danger-associated molecular patterns in Alzhei-
mer’s disease. J. Leukoc. Biol. 101, 87–98 (2017). 

Tansey, M. G. et al. Inflammation and immune dysfunction in Parkinson disease. 
Nat. Rev. Immunol. 22, 657–673 (2022). 

Kordower, J. H. et al. Disease duration and the integrity of the nigrostriatal sys-
tem in Parkinson’s disease. Brain 136, 2419–2431 (2013). 

Gundersen, V. Parkinson’s disease: can targeting inflammation be an effective 
neuroprotective strategy? Front. Neurosci. 14, 580311 (2020). 

Ghosh P., Saadat A. Neurodegeneration and epigenetics: A review. Neurologia. 
2021;38:e62–e68. doi: 10.1016/j.nrl.2021.01.016.  

Cheng Y., He C., Wang M., Ma X., Mo F., Yang S., Han J., Wei X. Targeting epi-
genetic regulators for cancer therapy: Mechanisms and advances in clinical trials. 
Signal Transduct. Target. Ther. 2019;4:62. doi: 10.1038/s41392-019-0095-0.  

Zhang W., Xu J. DNA methyltransferases and their roles in tumorigenesis. Bio-
mark. Res. 2017;5:1. doi: 10.1186/s40364-017-0081-z. 
Campagna R., Vignini A. NAD+ Homeostasis and NAD+-Consuming Enzymes: 
Implications for Vascular Health. Antioxidants. 2023;12:376. doi: 10.3390/an-
tiox12020376.  

Patnaik E., Madu C., Lu Y. Epigenetic Modulators as Therapeutic Agents in Can-
cer. Int. J. Mol. Sci. 2023;24:14964. doi: 10.3390/ijms241914964.  

Wang W., Yang C., Wang T., Deng H. Complex roles of nicotinamide N-methyl-
transferase in cancer progression. Cell Death Dis. 2022;13:267. doi: 10.1038/
s41419-022-04713-z.  

Roberti A., Fernández A.F., Fraga M.F. Nicotinamide N-methyltransferase: At the 
crossroads between cellular metabolism and epigenetic regulation. Mol. Metab. 
2021;45:101165. doi: 10.1016/j.molmet.2021.101165.  

Ulanovskaya O.A., Zuhl A.M., Cravatt B.F. NNMT promotes epigenetic re-
modeling in cancer by creating a metabolic methylation sink. Nat. Chem. Biol. 
2013;9:300–306. doi: 10.1038/nchembio.1204.  

van Haren M.J., Gao Y., Buijs N., Campagna R., Sartini D., Emanuelli M., 
Mateuszuk L., Kij A., Chlopicki S., Escudé Martinez de Castilla P., et al. Estera-
se-Sensitive Prodrugs of a Potent Bisubstrate Inhibitor of Nicotinamide N-Me-
thyltransferase (NNMT) Display Cellular Activity. Biomolecules. 2021;11:1357. 
doi: 10.3390/biom11091357.  

van Haren M.J., Zhang Y., Thijssen V., Buijs N., Gao Y., Mateuszuk L., Fedak 
F.A., Kij A., Campagna R., Sartini D., et al. Macrocyclic peptides as allosteric 
inhibitors of nicotinamide N-methyltransferase (NNMT) RSC Chem. Biol. 
2021;2:1546–1555. doi: 10.1039/d1cb00134e.  

Gao Y., van Haren M.J., Buijs N., Innocenti P., Zhang Y., Sartini D., Campagna 
R., Emanuelli M., Parsons R.B., Jespers W., et al. Potent Inhibition of Nicotina-
mide N-Methyltransferase by Alkene-Linked Bisubstrate Mimics Bearing Elec-
tron Deficient Aromatics. J. Med. Chem. 2021;64:12938–12963. doi: 10.1021/acs.
jmedchem.1c01094.  

 Xylaki M, Atzler B, Outerio TF. Epigenetics of the synapse in neurodegenera-
tion. Curr Neurol Neurosci Rep. 2019. 2. Hwang JH, Aromolaran KA, Zukin RS. 
The emerging field of epigenetics in neurodegeneration and neuroprotection. Nat 
Rev Neurosci. 2017:347—61.  

Yiang Y, Langley B, Lubin FD, Renthal W, Wood MA, Yasui DH, et al. Epigene-

tics in the nervous system. J Neurosci. 2008:11753—9 

Fischer A, Sananbenesi F, Wang X, Dobbin M, Tsai L-H. Recovery of learning 
and memory is associated with chromatin remodelling. Nature. 2007:178—82
Schratt G. MicroRNAs at the synapse. Nat Rev Neurosci. 2009:842—9. 6. 
Raveendra BL, Swarnkar S, Avchalumov Y, Liu X-A, Grinman E, Badal K. Long 
noncoding RNA GM12371 acts as a transcriptional regulator of synapse function. 
Proc Natl Acad Sci USA. 2018:E10197—205. 

Miller CA, Sweatt JD. Covalent modification of DNA regulates memory for-
mation. Neuron. 2007:857—69. 8. Feng J, Zhou Y, Campbell SL, Le T, Li E, 
Sweatt DJ. Dnmt1 and Dnmt3a maintain DNA methylation and regulate synaptic 
function in adult forebrain neurons. Nat Neurosci. 2010:423—30. 

Tahiliani M, Koh KP, Shen Y, Pastor WA, Bandukwala H, Brudno Y. Conver-
sion of 5-methylcytosine to 5-hydroxymethylcytosine in mammalian DNA by 
MLL partner TET1. Science. 2009:930—5. 10. Migilior L, Coppede F. Genetics, 
environmental factors and the emerging role of epigenetics in neurodegenerative 
diseases. Mutat Res. 2009:82—97.  

Matsumoto L, Takuma H, Tamaoka A, Kurisaki H, Date H, Tsuji S. CpG deme-
thylation enhances alpha-synuclein expression and affects the pathogenesis of 
Parkinson’s disease. PLoS ONE. 2010;5.  

Frieling H, Gozner A, Romer K, Lenz B, Bonsch D, Wilhelm J. Global DNA 
hypomethylation and DNA hypermethylation of the alpha synuclein promoter in 
females with anorexia nervosa. Mol Psychiatry. 2007;12:229—30.  

Jowead A, Schmitt I, Kaut O, Wullner U. Methylation regulates alpha-synuclein 
expression and is decreased in Parkinson’s disease patients’ brains. J Neurosci. 
2010;30:6355—9. 

Desplats P, Spencer B, Coffee E, Patel P, Michael S, Patrick C. Alpha-Synuclein 
sequesters Dnmt1 from the nucleus: a novel mechanism for epigenetic alterations 
in Lewy body diseases. J Biol Chem. 2011;286:9031—7.  

Cai M, Tian J, Zhao G-H, Luo W, Zhang B-R. Study of methylation levels of par-
kin gene promoter in Parkinson’s disease patients. Int J Neurosci. 2011;121:497—
502.  

Goers J, Manning-Bog AB, McCormack AL, Millett IS, Doniach S, Di Monte 
DA. Nuclear localization of -synuclein and its interaction with histones. Bioche-
mistry. 2003;42:8465—71. 

Kontopoulos E, Pravin JD, Feany MB. -Synuclein acts in the nucleus to inhibit 
histone acetylation and promote neurotoxicity. Hum Mol Genet. 2006;15:3012—
23.  

Outeiro TF, Kontopoulos E, Altmann SM, Kufareva I, Strathearn KE, Amore AM. 
Sirtuin2 inhibitors rescue -synucleinmediated toxicity in models of Parkinson’s 
disease. Science. 2007;317:516—9. 

Vartiainen S, Pehkonen P, Lakso M, Nass R, Wong G. Identification of gene 
expression changes in transgenic C. elegans overexpressing human -synuclein. 
Neurobiol Dis. 2006;22:477—86. 

Kim J, Inoue K, Ishii J, Vanti WB, Sergey VV, Murchison E. A microRNA feed-
back circuit in midbrain dopamine neurons. Science. 2007;317:1220—4. 
Hiltunen M. Genetics and epigenetics of Parkinson’s disease. Sci World J. 
2012;2012. 

Asikainen S, Rudgalvyte M, Heikkinen L, Louhiranta K, Lakso M, Wong G, et 
al. Global microRNA expression profiling of caenorhabditis elegans Parkinson’s 
disease models. J Mol Neurosci. 2010;41:210—8. 

Sanchez LN, Gomez AB, Aparicio S, Tur PJ. Epigenetic study in Parkinson’s 
disease: a pilot analysis of DNA methylation in candidate genes in brain. Cells. 
2018;7. 

Morales EM, Meier K, Carrillo AS, Pacheco JS, Cardenas PV, Carrion OA. Impli-
cation of DNA methylation in Parkinson’s diseases. Front Mol Neurosci. 2017;10.
 
Liu X, Jiao B, Shen L. The epigenetics of Alzheimer’s disease: factors and thera-
peutic implications. Front Genet. 2018.  

										        
UNC JOURney | 63



Chen, Q., Deng, N., Lu, K., Liao, Q., Long, X., Gou, D., Bi, F., & Zhou, J. 
(2021). Elevated plasma miR-133b and miR-221-3p as biomarkers for early 
Parkinson’s disease. Scientific reports, 11(1), 15268. https://doi.org/10.1038/
s41598-021-94734-z 

Ding H, Dolan PJ, Johnson GVW. Histone deacetylase 6 interacts with the micro-
tubule-associated protein tau. J Neurochem. 2008;106:2119—30. 

Wang Z, Xu P, Chen B, Zhang Z, Zhang C, Zhan Q. Identifying circRNA-asso-
ciated-ceRNA networks in the hippocampus of Abeta1-42 induced Alzheimer’s 
disease-like rats using microarray analysis. Aging. 2018;10:775—88. 

Lee S-T, Chu K, Jung K-H, Kim HJ, Huh J-Y, Yoon H. miR206 regulates 
brain-derived neurotrophic factor in Alzheimer disease model. Ann Neurol. 
2012;72:269—77.  

Song C-X, Szulwach KE, Fu Y, Dai Q, Yi C, Li X. Selective chemical labeling re-
veals the genome-wide distribution of 5- hydroxymethylcytosine. Nat Biotechnol. 
2011;29:68—72. 

Condliffe D, Wong A, Troakes C, Proitsi P, Patel Y, Chouliaras L. Cross-region 
reduction in 5-hydroxymethylcytosine in Alzheimer’s disease brain. Neurobiol 
Aging. 2014;35:1850—4. 

Landles C, Bates GP. Huntingtin and the molecular pathogenesis of Huntington’s 
disease. EMBO Rep. 2004;5:958—63. 35. Sadri-Vakili G, Bouzou B, Benn CL, 
Kim M-O, Chawla P, Overland RP. Histones associated with downregulated 
genes are hypoacetylated in Huntington’s disease models. Hum Mol Genet. 
2007;16:1293—306. 

Ryu H, Lee J, Hagerty SW, Soh BY, McAlpin SE, Cormier KA. ESET/SETDB1 
gene expression and histone H3 (K9) trimethylation in Huntington’s disease. Proc 
Natl Acad Sci USA. 2006;103:19176—81.  

Zsindely N, Bodai L. Histone methylation in Huntington’s disease: are bivalent 
promoters the clinical targets. Neural Regen Res. 2018;13:1191—2. 

Francelle L, Lotz C, Outeiro T, Brouillet E, Merienne K. Contribution of neu-
roepigenetics to Huntington’s disease. Front Hum Neurosci. 2017;11. 41.  
 

Halfmann R, Lindquist S. Epigenetics in the extreme: prions and the inheritance 
of environmentally acquired traits. Science. 2010;330:629—32. 

Burli RW, Luckhurst CA, Aziz O, Matthews LK, Yates D, Lyons KA. Design, 
synthesis, and biological evaluation of potent and selective class IIa Histone 
Deacetylase (HDAC) inhibitors as a potential therapy for Huntington’s disease. J 
Med Chem. 2013;56:9934—54.  

van Dyck, C. H., Swanson, C. J., Aisen, P., Bateman, R. J., Chen, C., Gee, M., 
Kanekiyo, M., Li, D., Reyderman, L., Cohen, S., Froelich, L., Katayama, S., 
Sabbagh, M., Vellas, B., Watson, D., Dhadda, S., Irizarry, M., Kramer, L. D., & 
Iwatsubo, T. (2023). Lecanemab in Early Alzheimer’s Disease. The New England 
journal of medicine, 388(1), 9–21. https://doi.org/10.1056/NEJMoa2212948 

Mintun, M. A., Lo, A. C., Duggan Evans, C., Wessels, A. M., Ardayfio, P. A., 
Andersen, S. W., Shcherbinin, S., Sparks, J., Sims, J. R., Brys, M., Apostolova, L. 
G., Salloway, S. P., & Skovronsky, D. M. (2021). Donanemab in Early Alzhei-
mer’s Disease. The New England journal of medicine, 384(18), 1691–1704. 
https://doi.org/10.1056/NEJMoa2100708 

Janczura KJ, Volmara C-H, Sartor GC, Rao SJ, Ricciardi NR, Lamberta G. Inhi-
bition of HDAC3 reverses Alzheimer’s diseaserelated pathologies in vitro and in 
the 3xTg-AD mouse model. Proc Natl Acad Sci USA. 2018;115:E11148—57.  

Jung, E. S., Suh, K., Han, J., Kim, H., Kang, H. S., Choi, W. S., & Mook-Jung, 
I. (2022). Amyloid-β activates NLRP3 inflammasomes by affecting microglial 
immunometabolism through the Syk-AMPK pathway. Aging cell, 21(5), e13623. 
https://doi.org/10.1111/acel.13623 

Harrison IF, Powell NM, Dexter DT. The histone deacetylase inhibitor nicotina-
mide exacerbates neurodegeneration in the lactacystin rat model of Parkinson’s 
disease. J Neurochem. 2019;148:136—56.  

Pan Y, Daito T, Sasaki Y, Chung YH, Xing X, Pondugula S. Inhibition of DNA 
methyltransferases blocks mutant huntingtin-induced neurotoxicity. Sci Rep. 
2016;6. 

Spindler, M., Beal, M. F., & Henchcliffe, C. (2009). Coenzyme Q10 effects in 
neurodegenerative disease. Neuropsychiatric disease and treatment, 5, 597–610. 
https://doi.org/10.2147/ndt.s5212

Anuragh Sriram is a senior majoring in Biology 
and Neuroscience, with a minor in Pharmaceutical 
Sciences. He is a research assistant at the Garden Lab 
in the Department of Neurology, where he developed 
a project to study how microglia, the brain resident 
immune cell, modulates inflammatory signaling 
pathways upon amyloid-beta exposure in Alzheimer’s 
disease. In addition, he serves as a clinical assistant in 
the Department of Neurosurgery, where he studies the 
environmental triggers of brain tumorigenesis and how 
that impacts a patient’s response to immunotherapy. 
In the future, he aspires to obtain an MD/PhD degree 
in the hopes of practicing neurosurgery and running a 
lab that further studies immune signaling cascades in 
neurodegenerative diseases and brain cancer. In his free 
time, Anuragh is an avid hiker and enjoys listening to 
jazz, reading, and spending time with his friends.



Abstract 
3,4-methylenedioxymethamphetamine (MDMA) is a psychostimulant known for its prosocial effects by 
promoting monoamine reuptake inhibition and release. Recently, the therapeutic potential of MDMA has 
been explored, particularly for the treatment of post-traumatic stress disorder (PTSD). While previous studies 
implicate the ability of MDMA to enhance oxytocin release as a mechanism for its prosocial and therapeutic 
effects, the expression of the gene for the oxytocin receptor (OXTR) in the brain following MDMA 
administration has not been thoroughly investigated. This study addresses this gap by examining MDMA’s 
impact on the expression of the OXTR gene in two brain regions critical to emotional and social behavior: 
the hypothalamus and the amygdala. It was hypothesized that MDMA would increase OXTR expression in 
both regions. To test this hypothesis, 20 adult male Sprague Dawley rats were either administered MDMA 
or saline treatment. After collecting rat brain tissue and isolating and purifying RNA samples, OXTR mRNA 
expression in the amygdala and hypothalamus was quantified by performing RT-qPCR. The results revealed 
a statistically significant upregulation of OXTR expression in the amygdala of MDMA-treated rats but 
no significant changes in the hypothalamus. This suggests that MDMA’s prosocial and therapeutic effects 
may be region-specific and linked to enhanced oxytocin receptor activity in the amygdala. Ultimately, 
this research provides further insights into the mechanisms underlying MDMA’s potential as a therapeutic 
treatment for conditions like PTSD. Future studies will explore MDMA administration in female rats, PTSD 
rat models, and additional brain regions.

Key words: MDMA, oxytocin, PTSD, hypothalamus, amygdala

MDMA Administration Selectively Alters Oxytocin Receptor Gene 
Expression in the Amygdala and the Hypothalamus
by Ridhima Ginkala, Amira Khan, Kelly Ong, Neil Sud

INTRODUCTION 

3,4-methylenedioxymethamphetamine (MDMA), 
commonly known as ecstasy or molly, is a widely 
used recreational drug among teenagers and young 
adults (Green et al., 2003). Known for its psychoacti-
ve and prosocial effects, MDMA induces feelings of 
euphoria and heightened sensory perception by en-
hancing the release of serotonin and dopamine in the 
brain, two neurotransmitters critical for mood regula-
tion, reward, and arousal (Green et al., 2003). Howe-
ver, prolonged MDMA use can pose serious threats, 
especially among those who use the drug in club or 
rave-like settings (Hoffman, 2024). In fact, 23% of 
drug overdose deaths in 2019 involved an MDMA-li-
ke psychostimulant (Hoffman, 2024). Despite its 
potential for misuse, MDMA has shown promising 
therapeutic effects, primarily attributed to its ability to 
inhibit serotonin and dopamine reuptake and enhance 
their release, thereby increasing prosocial behavior 
(Mitchell, 2023). 
One study suggests that MDMA’s prosocial and 
therapeutic effects may be mediated by its ability to 
stimulate the release of oxytocin (Kirkpatrick et al., 

2014). The oxytocin receptor—encoded by the OXTR 
gene—plays a key role in oxytocin’s effects of regu-
lating social and emotional temperament, influencing 
prosocial behavior, and modulating hypothalamic-lim-
bic functions (Tost et al., 2010). Interestingly, MDMA 
induces similar effects on emotional processing and 
social behavior with oxytocin, which could further 
implicate MDMA as a therapeutic treatment (Vizeli 
& Liechti, 2018). Furthermore, it has been shown that 
MDMA administration causes a significant increase in 
oxytocin blood oxygen concentration and the presence 
of prosocial feelings, suggesting that these effects may 
be beneficial in the context of MDMA-assisted psy-
chotherapy (Dumont et al., 2009). 

Several studies have explored the therapeutic potential 
of MDMA, particularly for the treatment of post-trau-
matic stress disorder (PTSD). In a rodent model of 
PTSD, it was found that MDMA can prevent future 
enhanced fear learning through an immunosuppressive 
mechanism (Parekh et al., 2022). Furthermore, a phase 
three clinical trial demonstrated that MDMA-assisted 
therapy effectively reduces PTSD symptoms and func-
tional impairment in patients (Mitchell et al., 2023). 
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Although it is known that these therapeutic effects 
appear to result from MDMA’s ability to enhance the 
release of serotonin and dopamine, the specific genes 
and mechanisms underlying these therapeutic effects 
remain unclear. 

Oxytocin has also been implicated with PTSD and is 
being investigated as a potential therapeutic treatment 
for PTSD. Oxytocin plays a crucial role in salience 
processing, involving regions such as the amygdala, 
dorsal anterior cingulate cortex, and anterior insula, 
as well as the fear response, a process engaging the 
prefrontal cortex and its connectivity with the hi-
ppocampus and amygdala (Koch et al., 2014). More 
specifically, oxytocin is thought to attenuate both 
hormonal and subjective stress responses by redu-
cing cortisol levels (Donadon et al., 2018). Given the 
connection between emotional trauma and PTSD with 
reduced oxytocin levels, oxytocin is being explored as 
a potential therapeutic agent for PTSD, similar to how 
MDMA is (Donadon et al., 2018). Intranasal oxyto-
cin has been shown to alleviate PTSD symptoms and 
may even serve as a preventative measure for those 
at high risk of developing this condition (Frijling, 
2017). Oxytocin also appears to regulate the hypotha-
lamic-pituitary-adrenal (HPA) axis and the function 
of the autonomic nervous system, while enhancing 
social behavior, thereby strengthening the therapeu-
tic alliance and improving therapeutic outcomes for 
PTSD (Koch et al., 2014). However, since the expres-
sion of OXTR in the brain has not been exhaustively 
investigated, it remains unclear whether the effects of 
MDMA on PTSD are mediated by oxytocin.
 
This study attempts to address this gap by exploring 
MDMA’s impact on the expression of OXTR in the 
hypothalamus and amygdala—brain regions that re-
gulate social behavior, emotional processing, and the 
stress response. These functions are often disrupted in 
conditions like PTSD (Kirkpatrick et al., 2014). The 
amygdala, a region associated with social behavior, 
is particularly relevant as both oxytocin and MDMA 
are associated with enhanced social bonding and trust 
(Kirkpatrick et al., 2014). The hypothalamus is also 
a key region of interest, as it produces oxytocin and 
plays a central role in regulating stress levels through 
its involvement with the HPA axis (Tost et al., 2010). 
Due to the positive association between oxytocin and 
MDMA, it is hypothesized that there will be an in-
crease in OXTR RNA expression in both the hypotha-

lamus and amygdala of male rats when administered 
with MDMA.  

To test this hypothesis, rat hypothalamus and amyg-
dala tissue samples were extracted via cryosectioning. 
Reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR) was then used to quantify the le-
vels of mRNA produced as a result of OXTR gene ex-
pression in these regions. This experimental approach 
facilitates exploration into the effects of MDMA on 
the expression of a gene linked to behaviors associated 
with PTSD. Understanding how MDMA influences 
the OXTR gene will provide valuable insights into the 
underlying mechanisms through which MDMA exerts 
its therapeutic effects and will ultimately inform future 
studies examining MDMA as a treatment for condi-
tions like PTSD.

METHODS 

Animals 

A total of 20 adult male Sprague Dawley rats (230-
250 g, Charles River Laboratories, Raleigh, NC) were 
individually housed under a reversed 12-hr light-dark 
cycle. Rats were given ad libitum access to food and 
water, and they were regularly handled throughout 
experimentation. All procedures were conducted with 
approval from the University of North Carolina at 
Chapel Hill Institutional Animal Care and Use Com-
mittee. 

Drug Administration 

MDMA (3,4-methylenedioxy-methamphetamine, Na-
tional Institute on Drug Abuse (NIDA) Drug Supply 
Program, Bethesda, MD, USA) was dissolved in steri-
le 0.9% saline to produce a 10.0-mg/mL solution and 
stored at 4°C until time of injection. MDMA or saline 
was administered subcutaneously (Sub-Q) 24 hours 
and 1 hour prior to the removal of brains as depicted 
in Figure 2. 
 
Tissue Collection 

Animals were sacrificed via cervical dislocation. Bra-
ins were removed, flash-frozen in isopentane (Fisher 
Scientific), and stored at −80°C. 
 



Histology/Brain Region Punching  

Each brain was cryosectioned (CM1860 UV - Cryos-
tat, Leica Biosystems, Deer Park, IL, USA) at -20°C. 
In accordance with the brain atlas, 2 mm tissue pun-
ches were collected from the hypothalamus and amyg-

dala as shown in Figure 1. The punches were placed in 
2 mL Precyll homogenizer tubes (Soft tissue homoge-
nizing CK14 prefilled, Bertin Corp., Rockville, MD, 
USA) with 300 uL of TRI Reagent® (Sigma-Aldrich, 
Inc., St. Louis, MO, USA) and stored at −80°C until 
further use as depicted in Figure 2. 

Figure 1. Rat coronal brain cut of hypothalamus and amygdala. The regions of interest for this experiment 
include the hypothalamus and the amygdala.​

RNA Extraction 

To lyse the cells, the hypothalamus samples were 
homogenized in a VWR 4-Place Mini Bead Mill 
Homogenizer (Avantor®, VWR, Suwanee, GA, USA) 
for 30 seconds at speed 3. The samples were placed in 
Fisherbrand™ accuSpin™ Micro 17R Microcentrifu-
ge (Fisher Scientific, Waltham, MA, USA) and spun 
down at 12,000 g for 10 minutes. The supernatant was 
then transferred into new PhaseLock tubes for RNA 
extraction. BCP (Phase Separation Reagent (BP 151), 
Molecular Research Center, Inc., Cincinnati, OH, 
USA) was added to the sample in a 1:100 ratio with 
the TRI Reagent®, homogenized for 15 seconds at 
speed 3, and spun down at 12,000 g for 15 minutes. 
The aqueous layer containing RNA was collected in a 
new tube for RNA purification via the RNeasy® Lipid 
Tissue Mini kit (Qiagen Sciences, Germantown, MD, 
USA) as shown in Figure 2 and involved washing 
the sample with Buffer RW1 and Buffer RPE before 
eluting the RNA with RNase-free water. The purified 
samples were stored at −80°C until RNA  

quantification.

RNA Quantification 

The SpectraMax® iD3 Multi-Mode Microplate Rea-
der (Avantor®, VWR, Suwanee, GA, USA) was used 
to quantify the purified RNA samples. The machine 
determined the samples’ RNA concentrations in ng/
µL and their respective A260/A280 values, indicating 
the purity of the samples. The quantified samples were 
stored at −80°C until cDNA was synthesized as shown 
in Figure 2. 

cDNA Synthesis 

Reverse transcription was performed on the purified 
RNA samples to transcribe the RNA into cDNA using 
the Clontech Advantage® for RT-PCR Kit (Takara 
Bio USA, Inc., Mountain View, CA, USA) and stored 
at −80°C until further use. This process was comple-
ted by appropriately diluting the RNA samples with 
RNAse-free water to standardize the RNA concentra-
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tion to 1 µg/µL. Oligo(dT)18 primers were added to 
the samples. The samples were then heated at 70°C 
for 2 minutes in the VWR® PCR thermal cycler XT96 
(VWR, Suwanee, GA, USA) and immediately placed 
on ice. A master mix consisting of 5X buffer, dNTP, 
RNase inhibitor, and MMLV was then added to the 
samples, and the samples were incubated at 42°C for 
1 hour, followed by 95°C for 5 minutes. Lastly, 20 uL 
of PCR-grade water was added to dilute the samples 
and they were stored at -80°C until qPCR as depicted 
in Figure 2. 
 
RT-qPCR 

The synthesized cDNA was run through the following 
qPCR reaction. The cDNA samples were completed 
in triplicate within a 96 well plate for qPCR analysis 
in the QuantStudio 6 Flex Real-Time PCR System 
(Applied Biosystems, Foster City, CA, USA). The 
qPCR was performed using OXTR m1 rat TaqMan 
probe (Thermofisher Scientific, Waltham, MA, USA, 
Rn00563503_m1), GAPDH g1 rat TaqMan pro-
be (Thermofisher Scientific, Waltham, MA, USA, 
Rn01775763_g1), TaqMan Gene Expression Assay 
(FAM) and TaqMan™ Fast Advanced Master Mix for 
qPCR (Applied Biosystems, Foster City, CA, USA). 

The reaction program consisted of 50°C for 2 minutes 
of contamination product degradation, 95°C for 20 
seconds for DNA polymerase activation, 45 cycles 
of 95°C for 1 second for DNA denaturation, and a 
final replication at 60°C for 20 seconds as depicted in 
Figure 2. 

Statistical Analysis 

Using the sample’s cycle threshold (CT) values, the 
comparative CT values (∆∆CT) were found via the 
QuantStudio 6 Flex System’s (Applied Biosystems, 
Foster City, CA, USA) automatic threshold determina-
tion proprietary algorithm, which balances sensitivity 
and specificity to help avoid user bias. The avera-
ge change in CT values was compared between the 
gene of interest and the reference gene, and the fold 
change was calculated to identify differences in gene 
expression. The results of qPCR were analyzed in the 
R programming software with p<0.05 to determine 
gene expression levels. Cohen’s D effect sizes were 
calculated to determine the generalizability of the 
findings. The significance of gene expression between 
the MDMA and saline groups was investigated using 
Welch’s t-test analyses.

Figure 2. Summary schematic of experimental design. The experimental design consisted of MDMA/saline administration, tissue 
punching, RNA extraction and quantification, cDNA synthesis, and qPCR analysis of the OXTR gene.​



Results 

MDMA does not affect OXTR mRNA expression in 
the hypothalamus 

There was no significant difference between MDMA 
(M = 1.06, SD = 0.138) and saline (M = 1.02, SD 
= 0.138) groups in GAPDH RNA expression in the 
hypothalamus (t(17.38) = 0.29, p = 0.77, Cohen’s d = 
0.29). This was expected because GAPDH was used 
as the reference mRNA.  

The difference between MDMA (M = 2.31, SD = 
0.756) and saline (M = 1.33, SD = 0.756) groups 
in OXTR expression in the hypothalamus was not 
statistically significant (t(15.02)=1.29, p=0.22). This 
indicates that MDMA did not affect OXTR expression 
in the hypothalamus compared to the baseline of the 
saline solution. Figure 3 outlines the OXTR amplifi-
cation plots for the hypothalamus and the difference 
in OXTR gene expression relative to GAPDH gene 
expression between saline treatment and MDMA 
treatment. 

Figure 3. Quantification of OXTR gene expression in the hypothalamus. A. OXTR amplification curve for the hypothalamus. The red 
line depicts the threshold for detection. B. Average percent change of the OXTR gene expression in the hypothalamus (n = 20). The 

Welch two-sample t-test was performed, t(12.61) = 1.192, p = 0.255. *p < 0.05. Error bars indicate the standard error of the mean. NS 
indicates no significance was found.

MDMA does affect OXTR mRNA expression in the 
amygdala 

There was no significant difference between MDMA 
(M = 1.00, SD = 0.0524) and saline (M = 1.01, SD = 
0.0524) groups in GAPDH expression in the amygda-
la (t(16.98) = -0.242, p = 0.812, Cohen’s d = 0.242). 
This, similar to GAPDH expression in the hypotha-
lamus, is expected because GAPDH was used as the 
negative control. 

The difference between MDMA (M = 2.35, SD = 
0.461) and saline (M = 0.812, SD = 0.461) groups in 
OXTR expression in the amygdala was statistically 
significant (t(16.19) = 3.33, p = 0.00419). This indi-
cates that MDMA increased OXTR expression in the 
amygdala more than the expected baseline represented 
by the saline solution. Figure 4 outlines the OXTR 
amplification plots for the amygdala and depicts the 
statistically significant difference in OXTR gene ex-
pression relative to GAPDH gene expression between 
saline treatment and MDMA treatment. 

Figure 4. Quantification of OXTR expression in the amygdala. A. OXTR amplification curve for the amygdala. The blue line 
depicts the threshold for detection. B. Average percent change of the OXTR gene expression in the amygdala (n = 20). The Welch 
two-sample t-test was performed, t(16.19) = 3.3292, p = 0.004194. ** p < 0.01. Error bars indicate the standard error of the mean.
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DISCUSSION 

This study focused on the impact that MDMA admi-
nistration has on the expression of the OXTR gene in 
the hypothalamus and amygdala, brain regions known 
for regulating emotions and social behavior (Kirkpa-
trick et al., 2014). While MDMA administration did 
not result in a statistically significant difference in 
OXTR expression in the hypothalamus, it did result in 
a statistically significant increase in OXTR expression 
in the amygdala. This suggests that MDMA induces its 
prosocial actions through the upregulation of OXTR 
in the amygdala. 

These findings provide crucial insight into the neural 
mechanisms that produce the behaviors associated 
with MDMA. The significant increase in OXTR ex-
pression in the amygdala following MDMA treatment 
suggests that MDMA may enhance prosocial conduct 
by sensitizing brain regions involved with social pro-
cessing. The amygdala is heavily involved in proces-
sing emotional and social cues, and the upregulation 
in OXTR observed in this area proposes that MDMA 
affects sociability by impacting the receptors in this 
brain area specifically. These results align with pre-
vious research showing that variations in OXTR ex-
pression in the amygdala are associated with the per-
ception of emotions (Tost et al., 2010). Furthermore, 
previous work has identified that heightened amygdala 
activity corresponds to increased salience of threat-re-
lated signals, which can significantly influence stress 
and anxiety responses (Frijling, 2017). Therefore, the 
upregulation of OXTR in the amygdala due to MDMA 
administration may improve emotion regulation and 
reduce fear responses. This further supports MDMA’s 
therapeutic potential for treating conditions like PTSD 
that primarily impact fear responses. Additionally, pre-
vious studies have identified that oxytocin modulates 
the biological basis of trust, an essential component of 
social bonding (Nishina et al., 2018). The upregulation 
of OXTR may facilitate this process, supporting the 
idea that MDMA’s therapeutic efficacy is mediated 
through oxytocin’s prosocial effects, particularly its 
ability to strengthen the therapeutic alliance.
 
In contrast, the lack of a significant difference in 
OXTR expression in the hypothalamus following 
MDMA administration implies that alterations in 
oxytocin sensitivity may be region-specific. These 
divergent outcomes between the hypothalamus and 

amygdala may be related to their specific functions. 
While the amygdala is targeted by the oxytocinergic 
system in managing emotions, the hypothalamus is 
the site of oxytocin production and is responsible for 
sending out oxytocin to other brain regions through 
neuronal projections (Frijling, 2017; Tost et al., 2010). 
Due to the differing roles of the hypothalamus and 
amygdala, the hypothalamus may be more linked with 
the oxytocin neurotransmitter itself and may not dicta-
te the expression of OXTR. These findings support the 
idea that MDMA selectively influences the oxytocin 
signaling pathway rather than all brain regions invol-
ved in managing emotions. 

The primary limitation of our approach is that the 
study exclusively utilized male rats, introducing sex 
bias—a major problem in neuroscience research 
(Mamlouk et al., 2020). Consequently, our findings 
cannot be generalized to females, and it remains 
unclear whether the sex of the rodents may be influen-
cing our results. The next step in this research would 
be to explore whether the observed effects are also 
present in female rats, given that sexual dimorphism 
in OXTR expression has been previously identified 
with female rats experiencing higher OXTR expres-
sion (Gigliucci et al., 2023). Additionally, this study 
only analyzed the effects of short-term MDMA admi-
nistration in the hypothalamus and amygdala. Trac-
king these changes over time would help determine 
whether these alterations in OXTR expression are 
transient or long-lasting, an important consideration 
when evaluating the potential of MDMA as a long-
term therapeutic drug given its classification as a drug 
of abuse (Hoffman, 2024). To improve the applicabili-
ty of the study and gain more information on the other 
impacts of MDMA, more studies should be conducted 
investigating other brain regions, such as the hippo-
campus and prefrontal cortex (regions also involved 
in the fear response) (Koch et al., 2014). This would 
provide more context on the changes in the brain that 
occur with MDMA usage. Lastly, to gain a more com-
prehensive understanding of the association between 
MDMA and OXTR, future studies should investigate 
the effects of blocking the oxytocin receptors prior to 
MDMA administration to identify if this change occu-
rred because of OXTR itself. While the body of work 
supporting MDMA’s use as a therapeutic treatment 
for PTSD is strong and growing, the rats used in our 
study did not experience a PTSD simulation and were 
not subjected to traumatic experiences. As a result, 



the observed changes in gene expression are specific 
to healthy brain samples and may not fully translate 
to brains affected by PTSD. To better assess MDMA’s 
therapeutic potential for PTSD, future studies should 
use PTSD-simulated models like stress-enhanced fear 
learning before sample collection. ​​Incorporating these 
considerations will enhance our understanding of MD-
MA’s mechanisms, contribute to the growing body of 
evidence supporting its use as a treatment for PTSD, 
and aid in the development of treatments that safely 
target the oxytocin pathway.
 
CONCLUSION
 
This study demonstrated that MDMA selectively in-
creases oxytocin receptor activity within the amygdala 
but not in the hypothalamus, raising new questions 
about how other brain regions could be leveraged to 
treat disorders of the mind. These results suggest that 
the impact of MDMA on social and emotional beha-
viors may be linked to region-specific effects, with the 
amygdala being a significant contributor. MDMA’s 
capacity to enhance OXTR expression indicates its 
potential to strengthen social connections and alle-
viate stress, offering a route toward treatments targe-
ting the social and emotional challenges associated 
with PTSD. This work demonstrates the potential for 
MDMA-based treatment within neuroscience and its 
engagement with the oxytocin pathways for thera-
peutic purposes. PTSD is a widespread disorder that 
causes economic and social hardships and requires 
urgent and long-term effective treatment (Weber et al., 
2021). Overall, this study presents important data on 
MDMA’s effectiveness, and future treatments should 
build on MDMA’s effects on specific brain regions 
to achieve more targeted interventions that improve 
emotional and social well-being in PTSD patients and 
beyond.
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Abstract 
Severe combined immunodeficiency disease (SCID) encompasses a set of disorders with varying phenotypic 
expression, typically characterized by early onset of infections, often presenting chronic diarrhea and failure 
to thrive. SCID are caused by genetic variation in more than nine genes, leading to disrupted development 
in functional T-cells and B-cells. RAG-deficient SCID, is caused by a complete or partial reduction in 
functionality of the RAG1 and RAG2 proteins. RAG proteins serve as crucial contributors to the genetic 
diversity of lymphocyte populations in the immune system, promoting combinatorial genetic rearrangement. 
Mutations in the RAG domains result in a lack of mature lymphocyte populations, contributing to the onset 
of SCID. This analysis aims to improve the immunological characterization of RAG-deficient SCID by 
associating phenotype with the type of genetic variation present in RAG-deficient SCID through observation 
of clinical presentation and genotype. We aim to contribute to an increased understanding of the physical 
characteristics prevalent in a diverse patient population to assist clinicians in the diagnosis of SCID due to 
RAG deficiency. A parsing protocol, developed in Python, extracted HTML data from annotated clinical 
literature on RAG-deficient SCID patients. Patient data collection included demographic, clinical, and 
laboratory data, and the  categorization of three types of genetic variants: missense, nonsense, and frameshift. 
A RAG-deficient SCID-specific workflow was developed to streamline curation by establishing certain 
criteria that assessed data quality and relevance. This review aims to derive phenotypic and genotypic 
patterns in patient data, serving as a foundation for future assessment of common treatments administered to 
patient populations.

Key words: precision medicine, severe combined autoimmune disorder, genomics, variant curation

Genomic  and Immunological Characterization of RAG-Deficient 
SCID: Implications for Personalized Therapeutic Approaches
by Roshni Arun

Introduction 

Severe combined immunodeficiency (SCID) affects 
approximately 1 in 40,000 to 100,000 babies born in 
the United States, spurring a call to action for increa-
sed awareness and research funding to better unders-
tand its underlying mechanisms. Types of SCID are 
grouped based on presentable symptoms, varying 
inheritance patterns, and specific immunological 
conditions including, increased lymphocyte apoptosis, 
cytokine signaling defects, T-cell receptor defects, 
immune assembly and signaling, and T-cell signaling 
defects. SCID is differentiated by which immune 
cells—T, B, or NK cells—are defective. The most 
prevalent type, affecting 50-60% of SCID patients, 
is denoted T(-) B(+) SCID, due to variation in genes 
resulting in a lack of sufficient mature T lymphocyte 
cell populations in the affected individual [1,2,3]. The 
classification of SCID helps guide the selection of the 
most appropriate treatment for each patient. 
 
Patients with RAG-deficient SCID lack functional 

RAG (recombinase-activating) proteins due to ho-
mozygous or compound heterozygous variants in 
RAG1 or RAG2. Immunological adaptivity is largely 
due to the contributions of RAG protein activity on 
VDJ gene segments that encode T and B cell recep-
tors. RAG nucleases facilitate double-stranded breaks 
in VDJ segments, allowing for recombination. Genetic 
diversity in VDJ segments facilitates increased dyna-
micity of lymphocyte cell receptors. [4] The metabolic 
and immunological importance of RAG1 and RAG2 
lies in their ability to facilitate the formation of func-
tional lymphocyte populations. RAG1 is involved 
in the enzymatic capabilities of the RAG complex. 
RAG2 recognizes specific epigenetic markers on DNA 
for binding and is subsequently involved in the clea-
ving capabilities of RAG1. [5] Under wild-type condi-
tions, RAG1 recognizes specific recombination signal 
sequences (RSS) between short strands of coding 
DNA. These RSS signal sequences are evolutionari-
ly conserved and consist of a nonamer and heptamer 
consensus motif. RAG1 recognizes the flanking sites 
between RSS and coding sequences and facilitates 
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the formation of a double-stranded break in a stable 
RAG1-RAG2-RSS complex. [7] The RAG1-RAG2 
complex contains amino acid residues that demons-
trate similarities to viral catalytic cores, suggesting 
their evolutionarily-conserved ability to enable DNA 
recombination [10]. Mutations in RAG regions lead to 
a reduction in the genetic diversity of CDR3 domains 
which are essential for antigen peptide recognition. 
Reduction in junction diversity is positively correlated 
with severity of SCID diagnosis. [6]
 
RAG-deficient SCID is primarily due to hypomorphic 
missense mutations in RAG1 and RAG2 core do-
mains, which can have a series of presentable pheno-
typic effects. Both genes have multiple domains, and 
mutations in multiple domains have been observed 
across patients with variable SCID severity. [6,7] 
In a study observing the catalytic activity of RAG1 
mutants that bind normally, it was determined that 
these mutants endogenously inhibited the activity of 
wild-type RAG1. These mutants acted as competitors 
for binding sites, which prevent wild-type RAG1 from 
binding to specific recognition sequences in DNA 
and facilitating their cleavage activity, modeling what 
may occur in SCID patients with RAG1-deficiency. 
[6] Alternatively, mutations in RAG2 domains impact 
the protein’s ability to regulate chromatin accessibi-
lity and recombination activity. The final step of VDJ 
recombination involves NHEJ repair of  double-stran-
ded breaks facilitated by RAG1. Mutations in RAG2 
impact the protein’s ability to repair these breaks by 
disrupting signaling to promote NHEJ. [4] Among 
RAG2 mutations, missense appears to be the most 
common mutation in variants, yet nonsense and fra-
meshift mutations have also been observed in various 
patient populations.
 
Due to the variability in physical manifestations across 
RAG-deficient SCID patients, multiple diagnostic 
tools and immunological assays are employed in pre-
existing studies to characterize patient genotypes and 
phenotypes. Commonly employed methods to provi-
de quantitative and qualitative assessments of SCID 
phenotype include blood count evaluations via blood 
smears, nephelometry, antibody response to vaccines, 
and lymphocyte phenotyping via flow cytometry. A 
combination of antibody administration, flow cytome-
try, and immunofluorescent staining are also utilized 
for specific lymphocyte populations. To determine va-
riant zygosity, PCR and restriction analysis are emplo-

yed [1]. To understand the effects of these mutations, 
a variety of biochemical assays such as investigation 
of the antibody IGHC loci were used to verify activity 
and functionality [11]. Genetic analyses are conducted 
to understand mutation effects.
 
Common methods of detection and genotyping are 
Sanger sequencing, fluorescent in-situ hybridization, 
and comparative genomic hybridization array. To 
detect more specialized mutations and general genetic 
variability like InDels and SNVs, GATK is a method 
of characterization [13]. For a more holistic approach, 
data is also collected via Next-generation Sequencing 
(NGS) and whole-exome sequencing [12]. A loss of 
function in the ability to generate genomic diversity 
via VDJ recombination in variable regions of antibo-
dies gives rise to multiple phenotypic implications in 
the afflicted patient. Common observed phenotypic 
effects across multiple patient demographics inclu-
de hematological cytopenia, autoimmune hepatitis, 
myopathy, granulomas in diverse tissue, and other 
immunological manifestations. This increase in vulne-
rability is a result of reduced ability to recognize and 
generate an immune response to circulating antigens 
[6,8].
 
Understanding the significance of certain genetic 
markers can better the understanding of what diseases 
are probable in a patient. Utilizing predictive geno-
mic screening can serve as a preventative measure to 
address potential pathogenicity based on the patient’s 
genome. From previous RAG1/RAG2 genetic data 
processing, variant probability prediction has been 
developed to determine the likelihood that a clinically 
relevant variant will occur [14]. Taking advantage of 
variant probability prediction from population datasets 
improves timely diagnosis and allows clinicians and 
researchers to provide preemptive guidance for pa-
tients.
 
Methods
 
A cohort of 100 patients with missense, nonsense, or 
frameshift mutations in RAG1 or RAG2 diagnosed 
with SCID between 1992 and 2023 were retrospec-
tively analyzed. Patient records were obtained from 
previously published papers accessible on the PubMed 
database. Papers for this review were selected throu-
gh a literature search on the LitVar database using 
‘(RAG1 or RAG2) AND (immunodeficiency OR 



SCID OR Omenn)’ to identify literature containing 
these keywords specifically in the methods, results, 
and tables sections. LitVar was utilized as the primary 
method of collecting relevant publications due to its 
filtration technique that utilized specific search and re-
trieval of papers that contain variant-specific data. The 
inclusion criteria for papers were patient(s) reported 
with diagnosis of immunodeficiency and unambiguous 
identification of variant(s) in RAG1 or RAG2. Data 
for this literature review was curated on Hypothes.is, 
an open source annotation tool, by utilizing annota-
tion criteria established by the ClinGen SCID Variant 
Expert Curation Panel.
 
Diagnostic laboratory and clinical data in literatu-
re contain patient data on blood counts, phenotypic 
appearance, and demographic information Qualitative 
and quantitative data points were collected from these 
data. In accordance with the clinical annotation crite-
ria, the following data were collected on patient data 
points: age; disease assertion; familial information; 
phenotypes mapping to human phenotype ontology 
terms; CD3+, CD4+, and CD8+ cell counts and other 
apparent phenotypes; variant identification, including 
name, ClinVarID, CAID, and genomAD frequency; 
zygosity; and data source.
 
In the filtered literature, individual data points were 
selected on the basis of providing sufficient informa-

tion to fulfill these eight criteria. The second inclusion 
criteria evaluated specific patients; where patient data 
that did not contain at least disease assertion, pheno-
types mapping to ontology terms or cell counts, and 
variant identification were considered insufficient and 
not included in data collection. Some data points that 
did fulfill the criteria had ambiguous variant descrip-
tions that could not be associated with ClinVarID or 
CAIDs, therefore were considered insufficient.
 
Annotations from Hypothes.is were converted to a 
CSV for further analyses. To successfully extract and 
evaluate CSV data collected from annotated literature, 
a parsing program was developed to administer this 
process efficiently and effectively with the following 
code infrastructure developed via iterative refinement:
 
1.  Import the pandas library for data manipulation and 
tabular extraction. 

2.  Utilize a loop to filter through columns and elimi-
nate unnecessary characters and strings
 
3.  Define a function to separate long strings of text 
via a predefined delimiter
 
4.  Utilize list comprehension to create a list from 
parsed data and export it to a CSV

Figure 1. Flowchart illustrating retrospective analysis process of clinical and laboratory data of patients diagnosed with RAG-de-
ficient SCID from 1994 to Aug 2023. Depicts literature search strategy, paper selection criteria, and data curation protocol utilized. 

Discarded data was literature that did not meet the criteria for inclusion.
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This protocol allowed for data parsing and transfor-
mation by extracting and structuring from imported 
CSV files from Hypothes.is. Data extraction for this 
literature review utilized an early-stage parsing proto-
col that did not categorize data to the extent desired. 
Therefore, manual data cleanup was necessary to fur-
ther evaluate the data. The primary need for cleanup 
was due to the inconsistencies in reporting variants or 
quantitative assessments of cell populations.  

Some annotators recorded the variant utilizing su-
pplied HGVS, genomic (hg38), or DNA transcript 
annotations. Ambiguity in recording variants required 
translation to the desired amino acid transcript. Other 
cleanup involved identifying unaccounted data and 
referencing the literature to address the discrepan-
cies. Relevant quantitative, qualitative, and statistical 
analyses were conducted to generate the results below.
 

Results & Discussions

Figure 2. Bar and pie chart visualizations illustrating distribution of most common variants across RAG1/RAG2 populations.



The study reveals significant correlations between 
RAG-deficient SCID variants and the clinical pheno-
types observed in patients. These correlations offer 
insights that can guide clinicians in linking specific 
genetic mutations to disease manifestations. Missense 
mutations are predominant among identified variants, 
yet many remain classified as variants of uncertain 
significance (VUS). This presents an opportunity for 
further curation and reclassification into pathogenic 
or non-pathogenic categories using databases such as 
ClinVar.  

Errors or inconsistencies in clinical data, such as 
incomplete annotations or varying levels of specificity 
in phenotype descriptions, can hinder accurate cura-
tion. Variations in Human Phenotype Ontology (HPO) 
terms like differentiating between “pneumocystis 
pneumonia” subtypes pose challenges in accurately 
mapping phenotypes to variants. Recurrent pheno-
types were identified for specific alleles, highlighting 
the potential for predictive diagnostics. 

Results from this study reveal relevant correlations 
between SCID variants and common phenotypes 
observed in SCID patients. While these associations 
serve as a promising foundation for future research 
in SCID characterization, there are certain limitations 
that must be considered when using it as a diagnostic 
tool, especially for RAG2. RAG2 is composed of a 
full-length ORF of 1062 base pairs with no introns, 
which is considered generally small for protein-enco-
ding segments of DNA. [15] Due to the short nature of 
the gene, the influence of nonsense mutations may be 

differently observed in RAG2 compared to genes that 
are longer in length. 

Incorporation of nonsense mutations most often lead 
to the translation of nonfunctional or deleterious 
proteins. Nonsense-mediated decay is a cell’s endoge-
nous molecular response to eliminating mature mRNA 
with premature termination codons (PTC). One of the 
primary targets of NMD in mutation detection and 
elimination are transcripts with a PTC approximately 
50-55 nt upstream of an exon junction. [16] Exon-
exon junctions are inhabited by exon junction com-
plexes (EJC), a protein complex that is recognized by 
NMD machinery. Exon-exon junctions are formed via 
the excision of introns from a premature mRNA trans-
cript before translation. Because RAG2 is composed 
without introns, there is no formation of exon-exon 
junctions, and consequently, no accumulation of EJC 
proteins on these junctions. As a result, a potential 
hypothesis and an avenue for further experimentation 
is to explore the effect of this uncommon physiology 
of the gene on the NMD response. It can be hypothe-
sized that the absence of EJC proteins will prevent the 
activation of NMD machinery, even in the presence of 
a nonsense mutation. 

In relation to SCID resulting from nonsense mutations 
or frameshift variants resulting from PTC in RAG2, 
understanding of the molecular mechanisms that 
facilitate pathology must be further explored. Un-
der normal circumstances, PTC facilitates activation 
of NMD machinery, resulting in the degradation of 
transcripts containing potentially deleterious nonsense 

Figure 3. Variant alleles with multiple occurrences across curated patient data (n ≥ 2). Phenotypes associated 
with variant alleles also have more than one occurrence.
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mutations. However, nonsense mutations in RAG2 
are hypothesized to not activate NMD, resulting in the 
protein still being transcribed. Therefore, it may be 
inferred that phenotypes appearing in patient popula-
tions with a mutated RAG2 are not due to the absence 
of the functional protein, but rather due to the presen-
ce of the mutated protein. Changes in conformation, 
localization, or function may be the cause of observed 
phenotypes. Further investigation into the effects of 
these mutations on protein structure, stability, and 
interactions is warranted to elucidate the underlying 
molecular mechanisms driving RAG2-deficient SCID 
pathology in affected individuals. [15] The basis for 
improving SCID characterization is dependent on 
various annotators collecting information in real time. 
ClinGen expert panels and biocurators lead collabora-
tive efforts to collect information on disease-causing 
mutants in published literature. Aggregate genomic 
and health data is curated based on critical questions 
established by ClinGen evaluation gene disease va-
lidity, variant pathogenicity, dosage sensitivity, and 
clinical actionability. This collaborative effort between 
researchers, laboratories, and clinicians is a means to 
disseminate expert curated knowledge and eventually 
improve patient care through genomic medicine.  

However, as part of the curation efforts, complications 
arising from incorrect data entry in clinical annotation 
efforts can have significant downstream repercussions. 
Incorrectly entered data can lead to misdiagnosis of 
patients, as clinicians may base their diagnosis on 
erroneous information, leading to failure to provide 
necessary interventions. Accumulation of incorrect 
data can be fatal since administering medications or 
therapies that are not appropriate to the patient’s actual 
condition may lead to adverse effects. Precision me-
dicine relies heavily on accurate patient data to tailor 
treatments to individual genetic profiles and disease 
characteristics. 

Incorrectly entered data may lead to delays in imple-
menting appropriate therapeutic strategies or the adop-
tion of treatments that are not suited to the patient’s 
actual condition.  

While curation proves to be an efficient and 
cost-effective approach for amassing large data across 
a collaborative platform, issues regarding transla-
tability from literature can potentially distort data 
collection. Key discrepancies in the literature curation 

pipeline are evident: Variation in ontology representa-
tion in HPO
One published paper associates the phenotype “pneu-
mocystis pneumonia” with a variant. However, a 
search on the HPO database for “pneumocystis pneu-
monia” yields two distinct results: Pneumocystis 
jirovecci pneumonia and pneumocystis carinii pneu-
monia. While both satisfy the classification as a type 
of pneumocystis pneumonia, the original paper fails 
to specify which type of pneumonia the patient had. 
Consequently, assigning either ontology to a variant 
in data collection would be inaccurate when reporting 
phenotypes. The most appropriate ontology to report 
would simply be “pneumonia,” albeit at the cost of 
losing specificity regarding the causative agent as 
“pneumocystis,” which is not through just “pneumo-
nia.” 

Challenges in establishing parameters for phenotypic 
similarity
Figure 3 reports common variant alleles alongside 
recurrent patterns in phenotypes associated with each 
variant allele. Authors report clinical phenotypes with 
differing levels of specificity. When reporting multi-
ple occurrences of clinical phenotypic presentation, 
varying specificity can pose a challenge to data aggre-
gation. For example, “skin rash” (HP:0000988) and 
“diffuse skin rash” are delineated by separated iden-
tifiers and cannot be grouped together. Consequently, 
this data may not be aggregated, and the variant will 
not be associated with this clinical phenotype, despite 
their close resemblance. 

Conclusion  

The value of this study is a foundation provided for 
further research to improve SCID characterization. 
Due to the collaborative nature of biocuration, the 
study’s methodology serves as a template for other 
curators working on different genes or additional stu-
dies on RAG1 and RAG2. Establishing and iterating a 
standardized pipeline for data curation and analysis fa-
cilitates consistency and comparability across different 
genetic studies. As part of the data collection process, 
data that did not fit the inclusion criteria were discar-
ded. Future “discarded data” due to insufficiency can 
be labeled as insufficient evidence on Hypothes.is. 
This annotation would prevent redundant efforts when 
other curators revisit or attempt to annotate literature 
with insufficient data. 



While this study focused on creating associations of 
genotypic and phenotypic data in published literatu-
re, future studies may observe the treatment modali-
ties such as hematopoietic stem cell transplantation 
(HSCT), gene therapy, or enzyme replacement therapy 
prescribed to patients with specific variants along 
with an evaluation of patient outcomes. Retrospective 
analyses provide valuable data from patients already 
diagnosed with RAG-deficient SCID, but explora-
tion of preventative research is equally as important. 
Conducting functional experiments? to evaluate the 
effect of mutations on RAG1 or RAG2 can provide 
targets for therapy. Especially with hypotheses about 
the deviations in nonsense influence on RAG2, tech-
niques such as NMR spectroscopy, protein crystallo-
graphy, and molecular modeling may be beneficial 
in understanding mutant conformation, stability, and 
interaction. 

Genomic and immunological characterization of 
RAG-deficient SCID serves as a foundation for deve-
loping personalized therapeutic approaches for SCID 
patients. The increased prevalence of SCID in younger 
populations is crucial for early recognition, diagno-
sis, and intervention to improve outcomes in affected 
individuals. By analyzing patient data, derived patter-
ns to correlate genetic variants with the severity and 
nature of SCID symptoms allow clinicians to predict 
the clinical course of the disease based on the patient’s 
genotype. Personalized therapeutic approaches not 
only improve treatment outcomes, but also minimize 
adverse effects by targeting interventions to individual 
patient needs. Longitudinal studies involving larger 
patient cohorts and comprehensive genomic analyses 
are needed to further inform the development of novel 
therapeutic interventions.
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Introduction 

The exploration of genetic variants in epilepsy re-
presents a transformative and dynamic dimension in 
deciphering the complex risk factors contributing to 
its pathogenesis. The utilization of advanced geno-
me-wide genotyping and sequencing technologies has 
played a pivotal role in unveiling more than 100 speci-
fic epilepsy-related genes, providing new insights into 
the underlying genetic architecture. New technology 
has allowed scientists to identify the specific genes in 
which mutations are likely to impact neurological de-
velopment such as the ASH1L gene. The ASH1L gene 
encodes a histone methyltransferase which has been 
linked to fine motor developmental delays and has 
emerged as a gene potentially responsible for a wide 
variety of neurological disorders. Notably, the promi-
nence of de novo variants, new variants that are not in-
herited, has emerged, constituting a substantial portion 
of identified epilepsy genes. The sequencing of trios 
(affected individual and both parents) or individual 
probands has been instrumental in isolating ultra-rare 
variants with profound effects on critical brain develo-
pment proteins. Most de novo variants associated with 
epilepsy were discovered using DNA derived from 
blood, likely originating in parental gametes.
 
Past studies have shown the importance of the timing 
and distribution of mutations. The mutations occurring 
post-zygotically within the initial cell divisions result 
in the variants present in most cells comprising the 
organism. In contrast, variants arising later in  

embryogenesis may be confined to specific tissues or 
cell types.2 The rate of mutation accumulation in neu-
ral progenitors, estimated at a minimum of 1.6 per cell 
division, suggests the potential contribution of brain 
tissue-specific genetic variants toward the genetic 
risk of epilepsy. In the case of focal epilepsy, epilepsy 
limited to one hemisphere of the brain, figuring out 
exactly where the genetic mutations are located in the 
brain can help us understand why the seizures happen 
only in that specific area.4 When the epilepsy doesn’t 
respond to medication (called refractory focal epi-
lepsy), doctors often perform brain surgery to remove 
the part of the brain causing the seizures. This provi-
des a special chance to study that specific brain tissue 
and involves a detailed examination of mutations that 
occur after fertilization. These mutations are specifi-
cally found in seizure-generating brain tissue, offering 
a valuable perspective on the genetic factors contribu-
ting to epilepsy. 

Methods 

The laboratory was sent DNA specimens originating 
from a 7-year-old male diagnosed with Idiopathic 
West syndrome. This disease is an epilepsy disorder 
that typically appears within the first year of life and is 
characterized by repeated episodes of seizures, known 
as spasms.6 Medical professionals had pinpointed 
a specific mutation within the ASH1L gene as the 
likely cause for the manifestation of the disease in 
this patient. Additionally, blood samples from both 
parents of the affected child were provided for DNA 

Abstract 
This study investigates the genetic underpinnings of epilepsy by focusing on rare variants and their 
contribution to neurological disorders. Using next-generation sequencing (NGS) and Sanger sequencing to 
analyze DNA from a 7-year-old male diagnosed with Idiopathic West syndrome and his parents to identify 
mutations in the ASH1L gene. This study highlights the role of rare variants in epilepsy pathogenesis. The 
experimental workflow included precise primer design, polymerase chain reaction (PCR) optimization, and 
gel electrophoresis validation. The results identified a mutation in the patient’s DNA that was inherited, 
aligning with the father’s medical history of seizures, thereby suggesting a genetic link to epilepsy. These 
findings show the significance of genetic sequence analysis to understand the genetic underpinnings 
of epilepsy. This research expands on knowledge of the genetic architecture of epilepsy and provides a 
foundation for future studies to explore targeted diagnostics and therapeutic interventions.
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analysis. The clinical history of the patient revealed 
the onset of infantile spasms at four months, accompa-
nied by a spectrum of symptoms encompassing mild 
developmental delays, fine motor challenges, expres-
sive speech difficulties, hypospadias, and benign skin 
pigmentary mosaicism. At six months, the child tested 
negative for the GeneDX epilepsy panel with reflex to 
a comprehensive epilepsy panel. Notably, the patient’s 
father experienced a solitary seizure at the age of 12, 
prompting speculation about a potential correlation 
with the ASH1L mutation identified in the patient. The 
primary objective of this initial phase of the experi-
mental protocol was to specify the ASH1L mutation 
present in the patient and ascertain whether it was 
detectable in the genetic makeup of either parent. This 
would help discern the origin of the mutation, provi-
ding insights into whether it was inherited or arose de 
novo in the affected individual.
 

The initial step involved primer design, which was 
essential for amplifying the targeted region within 
the ASH1L gene through polymerase chain reac-
tion (PCR). To accomplish this, the UCSC Genome 
Browser was utilized to pinpoint the precise genomic 
coordinates of the region requiring amplification. This 
facilitated the identification of the specific window 
of interest crucial for subsequent analyses. Next, the 
Primer 3 software was used to craft primers that ad-
hered to the stringent guidelines mandated by Sanger 
sequencing. The primers generated a final product 
that was 230 nucleotides in length, ensuring optimal 
coverage of the targeted region, and exhibited a ba-
lanced GC content of 55%, which was a critical factor 
for promoting the stability and efficiency of the PCR 
reaction. The primers were centered to ensure proper 
amplification of the ASH1L gene region of interest.

Figure 1: Forward primer (green), reverse primer (blue), and the point mutation of interest (red) in the ASH1L 
gene.

Six distinct primer mixtures were created, each var-
ying in either temperature or the use of dimethyl 
sulfoxide (DMSO) as a solvent. Each 20 μL mixture 
consisted of 10 μL of “My TAQ 2x Mix,” 0.8 μL of a 
forward and reverse primer blend, the appropriate vo-
lume of blood from a control sample depending on the 
concentration of the DNA in the extracted blood, disti-
lled water, and DMSO in three of the six mixtures. To 

maintain uniformity in PCR cycling conditions across 
all mixtures, the initial denaturation for each mixture 
took place at 95°C for one minute in a single cycle. 
The subsequent denaturation steps were conducted 
at 95°C for 15 seconds, repeating for a total of 25-35 
cycles. During the annealing phase, two samples at 
each temperature underwent a 15-second cycle for 25-
35 iterations. Specifically, annealing was performed at 



54°C, 56°C, and 58°C, with each temperature group 
containing one sample with DMSO and one without. 
Finally, during the extension phase, all samples un-
derwent a 72°C temperature treatment for 10 seconds, 
repeating for a total of 25-35 cycles.  
 
The samples were visualized using gel electrophore-
sis. The gel was prepared by combining 2 g of agaro-
se with 100 mL of 1x TAE buffer. This mixture was 
then heated in a microwave for two minutes until the 
agarose completely dissolved and a clear solution 
was attained. To enable visualization later, 10 mL of 
SYBR-Safe gel stain was added. The resulting solu-
tion was poured into a gel electrophoresis cassette, 
removed of bubbles, and placed with a comb in the 
gel. The comb remained in position during the cooling 
process to allow for the loading of samples once the 
gel solidified.  

Next, samples were created for each PCR mixture, 
consisting of 2 mL of SYBR dye, 2 mL of the PCR 

sample, and 8 mL of distilled water. Additionally, a 
seventh sample was formulated, featuring a ladder to 
serve as a reference in size for the six PCR products 
upon completion. Upon complete solidification, the 
gel was immersed in a 1x TAE buffer. The seven so-
lutions were loaded into different wells corresponding 
to the comb’s configuration. The gel was connected 
to a positive wire at the top and a negative wire at 
the bottom, ensuring a top-to-bottom migration of 
DNA. A current of 120 volts was applied to the gel 
for approximately 40 minutes before proceeding to 
analysis. Post-electrophoresis, the gel was imaged for 
a visual of the DNA bands. As depicted in Figure 2, 
all the samples align within the 200 to 300 marks on 
the ladder representative of the 230-base pair primer 
length, indicative of a successful PCR reaction. The 
most prominent band was observed at 56°C without 
DMSO, indicating the optimal conditions for the DNA 
analysis of the patient and parents. A control group 
with a known length was also included to ensure the 
reaction functioned properly.

Figure 2: Gel electrophoresis imaging for the primer validation. The most prominent band can be seen at 56 °C 
without DMSO. All bands lie between the 200 and 300 length mark, indicating successful validation.

										        
UNC JOURney | 83



The PCR procedure was repeated using the blood 
samples from the patient and parents, as opposed to 
the control blood employed in the primer verification 
phase. Only three samples were generated, each for 
the patient, the father, and the mother. Maintaining 
the optimal conditions established in the prior phase 
(Figure 2), all three samples underwent annealing at 
56°C and did not contain DMSO. After the completion 
of the PCR process, the three samples were subjected 

to gel electrophoresis and then visualized to confirm 
the success of the experimental procedure. As shown 
in Figure 3, the gel electrophoresis results revealed 
distinctive and prominent bands in the anticipated 
positions for all three samples. This presence of we-
ll-defined bands strongly indicated a successful reac-
tion which assures the reliability of the experimental 
protocol.

Figure 3: Successful PCR reaction of the three samples and validation of the primers for each sample. The 
samples from left to right are patient, mother, and father.

The samples were then subjected to rapid purification. 
This process entailed introducing the solutions into a 
specialized column equipped with a membrane de-
signed to selectively filter out all components except 
the DNA. This purification step isolates the genetic 
material of interest, ensuring that a high-purity DNA 
sample is sent for analysis. The purified samples were 
dispatched to the Sanger sequencing facility and these 
results provided the specific nucleotide sequences of 
the three samples. 

Difficulties and Troubleshooting 

While conducting this research, a comprehensive 
experimental process was undertaken, involving two 
distinct trials. During the first attempt at creating valid 

primers for this experiment, an unintended deviation 
occurred with a 475-base pair primer product that was 
originally used instead of the 230-nucleotide primer 
product that was used for this experiment. Despite this 
discrepancy, the experimental procedures remained 
consistent with the previously outlined methodology. 
Interestingly, an unexpected outcome manifested in 
the PCR reaction, with a discernible additional pro-
duct displaying as a slight band at a random length. 
It was decided to proceed with the experiment, albeit 
with reservations. The consequences of this choice 
became apparent during the subsequent analysis of 
the DNA using Sanger sequencing. The presence of 
a significant amount of noise in the results provided 
uncertainty about the accuracy and reliability of the 
experimental outcomes. It was determined that the 



475-nucleotide primer length proved to be excessively 
long, leading to unintended binding with a secondary 
product. As a corrective measure, the experiment was 
repeated, employing the 230-nucleotide primer. The 
subsequent results were markedly cleaner and more 
reliable, alleviating the concerns raised by the initial 
trial.  

Results and Discussion 

After the successful completion of the Sanger sequen-
cing, the results were then ready to be analyzed. This 
analytical phase involved a detailed examination of 
genetic sequences to identify specific mutations of 
interest, with each sample scrutinized to detect nu-
cleotide variations within a particular region of the 
genome. The genetic code between the primers was 
then visible, and the specific nucleotide at the region 
of interest was noted in all three samples. The analy-
sis of sequencing results revealed crucial information 

regarding the genetic inheritance of the ASH1L muta-
tion. The mutation identified in the patient’s DNA in 
Figure 4 was absent in the maternal genetic profile in 
Figure 5, yet present in the paternal genetic makeup in 
Figure 6. This data suggests that the mutation was not 
a de novo mutation unique to the child, rather, it was 
inherited from the child’s father as it was also present 
in his DNA. 

Further significance can be attributed to this finding 
considering the father’s medical history of a seizure. 
This medical history implies that the identified mu-
tation may have contributed to the development of 
epilepsy. The absence of this mutation in the maternal 
DNA reinforces its paternal inheritance and potential 
relevance in the pathogenesis of the condition. These 
findings not only enhance the overall understanding of 
the genetic factors in epilepsy but also open avenues 
for future research in genetic influences on  
neurological disorders.

Figure 4: Genetic analysis of the patient showing the heterozygous genotype with the presence of a mutation from a wild-type G 
nucleotide to an A nucleotide at the site of interest for the ASH1L gene (highlighted in white).
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Figure 5: Genetic analysis of the patient’s mother, showing the wild-type G nucleotide present at the site of interest for the ASH1L 
gene (highlighted in white), indicating no mutation and a homozygous genotype.

Figure 6: Genetic analysis of the patient’s father showing the heterozygous genotype with the presence of a mutation from a wild-ty-
pe G nucleotide to an A nucleotide at the site of interest for the ASH1L gene (highlighted in white).
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Conclusion 

This case study, focusing on a patient diagnosed with 
Idiopathic West syndrome, has culminated in multi-
ple findings. A target region of the ASH1L gene was 
successfully isolated and amplified through primer 
design, PCR optimization, and gel electrophoresis. 
Sanger sequencing of this region provided a clear and 
detailed view of the genetic code, allowing identifica-
tion of the specific nucleotide variations. 

The analysis of these sequencing results yielded sig-
nificant insights, particularly regarding the mutation 
associated with the patient’s condition. The absence of 
the identified mutation in the mother’s genetic profile, 
contrasted with its presence in the father’s DNA, sug-
gests that the mutation in the patient was not a de novo 
mutation, rather, it was an inherited mutation from the 
child’s father. This finding aligns with the father’s me-
dical history of a seizure, reinforcing the potential link 
between the identified mutation and the development 
of epilepsy. The identification of an inherited mutation 
contributes to a broader understanding of the genetic 
underpinnings of epilepsy. It highlights the importance 
of detailed genetic analysis in diagnosing and unders-
tanding neurological disorders. The successful execu-
tion of this study showcases the potential of molecular 
genetics in clinical diagnostics and paves the way for 
future research into the genetic factors influencing 
neurological conditions. 

Looking ahead, the integration of single-cell genetic 
and genomic analysis holds immense promise. This 
approach is anticipated to provide high-resolution as-
sessments of the impact of genetic variants on indivi-
dual cell types, offering insights into the intricacies of 
rare mutations in the brain. While acknowledging that 
there is still much work to be done, the technological 
landscape is poised to usher in significant breakthrou-
ghs. This shows the exciting potential for continued 
progress in unraveling the role of genetic variants in 
epilepsy disorders and furthering comprehension of 

the genetic complexities underlying this condition.2
In conclusion, these findings underscore the necessity 
of continual advancements in genetic analysis techni-
ques and the importance of understanding the for-
mation of genetic mutations, specifically in epilepsy. 
This research not only aids in the precise diagnosis 
and treatment of genetic disorders but also provides a 
foundation for further studies aimed at resolving the 
complexities of the human genome and its impact on 
health and disease. 
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HUMANITIES



Cixin Liu’s The Dark Forest presents a chilling univer-
se in which every civilization is an enemy of humani-
ty. As the second novel in the Remembrance of Earth’s 
Past trilogy, it builds on the looming alien Trisolarian 
invasion established in the prequel The Three-Body 
Problem, which focuses on humanity collaborating 
to defeat a far more technologically advanced threat. 
At the end of The Dark Forest, the protagonist, Luo 
Ji, discovers that the universe exists in a dark forest 
state, a metaphor that portrays interstellar civilizations 
as silent and watchful hunters in a vast forest, poised 
to strike at the first sign of another’s presence (538). 
This theory answers the Fermi paradox, stating that 
the nature of the cosmos dictates that exposing your 
location or existence leads to complete annihilation, 
forcing civilizations to adopt preemptive and defen-
sive strategies to ensure their survival. Humanity’s 
response to this painful realization parallels Cold War 
doctrines of deterrence and mutually assured destruc-
tion (MAD) during the emergence of nuclear wea-
pons, which relied on the base assumption that if one 
country attacks another, then both will be destroyed in 
warfare. Although these strategies are rational ways 
to ensure survival, they come with significant moral 
and emotional implications, which raises concerns 
about how sustainable they can be in the long run. 

Liu critiques the ethical challenges and psychological 
burden of deterrence but ultimately demonstrates that 
there is no better alternative in such a hostile universe. 
Along with its ideas of deterrence, the novel also leans 
heavily on game theory, deriving ideas of cooperation 
and conflict to elucidate that survival is a dangerous 
balancing act where logic often takes precedence over 
morality. This dual engagement with science fiction 
and philosophical critique raises the central issue of 
whether deterrence, despite its inherent risks, repre-
sents the most effective solution for humanity’s sur-
vival. Although deterrence carries immense risks and 
complexities through mutually assured destruction, 
Liu ultimately argues that it remains the most viable 
strategy for humanity’s survival in an unforgiving, 
hostile universe. 

However, before deterrence can emerge as a viable 
strategy, humanity must first come to terms with its 
vulnerability, a realization that begins with the disco-
very of the Trisolarans and their impending invasion. 
After the events of The Three-Body Problem occur, 
humanity learns of the existence of a hostile alien civi-
lization known as the Trisolarans, who plan to invade 
Earth in four hundred years to escape their deadly 
solar system. Furthermore, the Trisolarans also sent 

Abstract 
Cixin Liu’s The Dark Forest explores humanity’s struggle for survival in an interstellar arena governed by 
existential threats and mutual distrust. The novel positions the cosmos as a “dark forest” where civilizations 
must remain silent or risk annihilation, answering the Fermi Paradox through the inevitability of hostility. 
This research study analyzes Liu’s application of deterrence theory and game theory, particularly the 
doctrine of mutually assured destruction (MAD), as humanity’s response to the existential threat posed by 
the Trisolarans. Through an evaluation of the Wallfacer plans, this study highlights the failures of Frederick 
Tyler, Manuel Rey Diaz, and Bill Hines, whose strategies falter due to their inability to establish credible 
threats or moral resilience. In contrast, Luo Ji’s successful deterrence strategy utilizes the principles of MAD 
and cosmic sociology to force the Trisolarans into a stalemate. By critiquing the moral and psychological 
costs of deterrence, Liu underscores the fragility of survival in a universe dominated by existential stakes. 
This study argues that while deterrence strategies are fraught with risks, Liu’s narrative ultimately posits 
MAD as humanity’s most viable survival mechanism. This work bridges the gap between science fiction and 
philosophical critique, examining how Liu reimagines Cold War-era deterrence on a cosmic scale, offering 
insights into the ethics and feasibility of survival strategies in hostile environments.
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sophons, atomic-sized supercomputers, that stopped 
scientific progress while listening to any conversa-
tion happening around the world. Due to this massive 
limitation, humanity exploits the Trisolarans’ inability 
to read human minds. This unveils the Wallfacer plan, 
a project in which four candidates are given access 
to humanity’s resources to devise a strategy to defeat 
the Trisolarans (Liu, The Dark Forest 107). Simulta-
neously, the Trisolarans worked with certain humans 
who encouraged invasion, and they selected four 
Wallbreakers to research and reveal the Wallfacers’ 
plans to the Trisolarans. Among these Wallfacers are 
Frederick Tyler, Manuel Rey Diaz, Bill Hines, and the 
protagonist of the novel, Luo Ji, whose plan ultimately 
proves successful in deterring the Trisolarans. Howe-
ver, to fully understand why Luo Ji’s strategy worked 
where others failed, it is essential to first examine 
the principles of game theory and deterrence theory, 
which form the foundation of his approach.
 
Game theory acts as a central framework for unders-
tanding the dynamics of conflict and cooperation 
between humans and the Trisolarans in The Dark 
Forest. Central to this topic is the Prisoner’s Dilemma, 
a model that demonstrates the tension between indivi-
dual self-interest and collective benefit. In this sce-
nario, two actors must independently decide whether 
to cooperate or defect, with defection providing an 
immediate advantage but mutual cooperation yiel-
ding the best long-term outcome (Axelrod 8). Along 
with this model, Axelrod also defines the “Tit for Tat” 
strategy, where the first move by a player is cooperati-
ve, and then the players mirror each other’s move for 
every subsequent action (31). This framework rewards 
cooperation since if one player cooperates, the other 
does the same, which fosters stability over repeated 
interactions. On the other hand, it also similarly puni-
shes betrayal, since if a player defects, then the other 
would do the same. Using these two models, Axelrod 
argues that cooperation can evolve even in competi-
tive environments if the actors value long-term gains 
and maintain open communication. However, the dark 
forest state presented in Liu’s novel deviates entirely 
from these principles. In a cosmos where revealing 
one’s presence risks immediate destruction, the con-
ditions required for stable cooperation are impossi-
ble due to a lack of trust and communication. Each 
civilization operates as a lone player in a single-turn 
Prisoner’s Dilemma, where defection becomes the 
only rational choice. Axelrod’s findings emphasize the 

importance of mutual understanding in maintaining 
stability, however, The Dark Forest instead illustrates 
how existential stakes force civilizations into perpe-
tual distrust and preemptive hostility.
 
Alongside game theory and strategic interactions, 
deterrence theory is central to the actions taken by 
Luo Ji within The Dark Forest, which is the idea of 
preventing aggression through the credible threat of 
retaliation, ensuring that the cost of an attack outwei-
ghs any potential benefit. This principle was used 
during the Cold War, which underlined the doctrine 
of MAD, where nuclear superpowers like the United 
States and the Soviet Union maintained peace by gua-
ranteeing that any nuclear attack would result in total 
annihilation for both sides by laying waste to the other 
country’s land. For deterrence theory to be successful, 
it must be “backed by clear and credible messages, 
[and] reinforced by known capabilities, about what 
will happen if they are crossed” (Freedman 9). In the 
novel, Liu adapts this principle to an interstellar scale 
through Luo Ji’s cosmic broadcast deterrent, where 
he guarantees that any attack on Earth would lead to 
him exposing Trisolaris’s location to the rest of the 
universe, leading to their annihilation and effectively 
deterring aggression through the logic of MAD (The 
Dark Forest 557). Since the Trisolarans already know 
about this state of the universe, this threat is deemed 
extremely credible, which causes them to immediately 
halt their invasion of Earth. Just like the Cold War, 
Luo Ji was able to create a precarious equilibrium 
based on fear, guaranteeing survival through credible 
threats rather than trust. Liu’s portrayal of deterrence 
reflects the brutal reality of the dark forest state, where 
cooperation is impossible, and survival depends on 
leveraging the fear of destruction to prevent conflict. 
By drawing on both historical precedents and science 
fiction, The Dark Forest illustrates how deterrence 
operates as a necessary survival mechanism in a uni-
verse dominated by existential threats. Together, game 
theory and deterrence theory provide the framework 
through which the novel critiques the precarious 
balance between survival and morality, positioning 
deterrence as the most viable strategy in an intolerant 
cosmos. 

To demonstrate that deterrence is the most effective 
strategy for humanity’s survival, the failures of the 
other Wallfacers’ plans serve as a proof by elimina-
tion—a method of argument that rules out weaker al-



ternatives to establish the strongest solution. Frederick 
Tyler’s plan is the least effective, as it fails on nearly 
every front: it lacks a credible threat, does not levera-
ge humanity’s strategic strengths, and is immediately 
dismissed by both the Trisolarans and humanity itself. 
On the surface, he proposed to use “a fleet of nimble 
space fighters carrying hundred-megaton-class super-
bombs, [where the] fighters will assist Earth’s fleet by 
executing a suicide strike on the Trisolaris Fleet” (The 
Dark Forest 212). Tyler’s idea stems from Japan’s 
kamikaze pilots in WWII, where he believed that 
humanity’s hatred of the Trisolarans would be enou-
gh to send thousands of pilots to die for this cause. 
However, the reality behind his plan revealed a deep 
betrayal, as Tyler’s Wallbreaker explains that his true 
intention was to defect. He planned to supply the Tri-
solarans with vast amounts of water to rehydrate their 
resources after their four-century-long journey, and af-
ter gaining their trust, he would launch a suicide attack 
(The Dark Forest 216). His plan fails because it lacks 
any credible threat to the Trisolarans, as even Tyler’s 
supposed betrayal and subsequent attack would have 
been ineffective against their superior capabilities. 
Furthermore, his plan was dismissed outright by the 
Trisolarans, who saw through its futility, and huma-
nity, who viewed his betrayal as unforgivable. Tyler’s 
inability to devise a strategy that posed a meaningful 
deterrent underscores the importance of creating a 
plan grounded in both feasibility and impact. Whi-
le Tyler’s plan was dismissed as the least effective, 
Manuel Rey Diaz’s approach introduced a far more 
ambitious strategy. 

Manuel Rey Diaz’s Wallfacer plan evolves upon Fre-
derick Tyler’s, as he creates a strategy that theoretica-
lly could have deterred the Trisolarans. Under the gui-
se of studying superbombs, he planned to blow up one 
side of Mercury using stellar hydrogen bombs, prope-
lling it to collide with the Sun (The Dark Forest 319). 
By launching Mercury into the Sun, Diaz understood 
this would set off a chain reaction that would even-
tually cause the Sun to destroy the entire solar system, 
making Earth an uninhabitable place for the Trisola-
rans to settle in. Utilizing this knowledge, Diaz would 
then use this as a threat to establish deterrence with 
the Trisolarans to dissuade them from invading Earth. 
Diaz’s plan incorporates principles of deterrence and 
MAD, giving it the appearance of a plausible strategy 
for success. Unlike Tyler, whose plan was not able to 
establish a threat whatsoever, Diaz intended to con-

front the Trisolarans directly, demonstrating his wi-
llingness to take extreme risks for humanity’s survival. 
However, his plan was fundamentally flawed in one 
critical way, as his Wallbreaker states that “[h]umanity 
doesn’t have the ability to manufacture so many stellar 
hydrogen bombs…a million stellar hydrogen bombs 
is far from enough to decelerate Mercury into the sun” 
(The Dark Forest 323). Although Diaz sought to create 
deterrence, he failed to establish a credible threat since 
humanity did not have the means to follow through 
with this threat. Diaz’s plan, while more ambitious 
and committed than Tyler’s, ultimately fell short 
because it failed to balance the practical limitations 
of humanity’s resources with the need for a credible 
and sustainable threat. This progression from Tyler to 
Diaz demonstrates an increasing understanding of the 
need for credible deterrence, paving the way for Bill 
Hines’s psychologically driven strategy. 

Bill Hines’s Wallfacer plan represented the most 
advanced attempt at solving humanity’s survival 
problem before Luo Ji’s success, as it took a different 
approach that prioritized psychological manipulation 
rather than brute force or betrayal. Hines’s stated goal 
was to create a “mental seal,” a technology capable 
of imprinting soldiers with an unshakable belief that 
they could achieve victory against the Trisolarans 
(The Dark Forest 363). This strategy addressed one of 
humanity’s most significant challenges: maintaining 
morale in the face of overwhelming odds. However, 
the real purpose of Hines’s plan was far darker. Ins-
tead of imprinting belief in victory, the mental seal 
programmed absolute defeat into its users, rendering 
them incapable of resistance (The Dark Forest 366). 
While this deception was meant to shield humanity 
from unnecessary suffering, it ultimately failed be-
cause it eliminated the resilience needed for survival. 
Unlike the other two Wallfacers, Hines’s plan was 
fully successful in its execution since the mental seal 
worked exactly as intended, imprinting soldiers with 
an unshakable belief in defeat and driving them to 
abandon the idea of resistance entirely. On the other 
hand, this success came at a profound cost, as Hines’s 
plan did not provide a strategy for humanity to remain 
and survive on Earth. Instead, it fostered a form of 
psychological escapism, ensuring that humanity would 
focus on surrender or retreat rather than confronting 
the Trisolarans directly. By programming defeat into 
humanity’s collective mindset, his plan got rid of 
the possibility of resistance. While Hines’s approach 
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succeeded in its narrow objective, it failed to secure 
humanity’s survival on Earth, setting the stage for 
Luo Ji’s deterrence-based solution as the only viable 
strategy. 

Luo Ji’s Wallfacer plan is built on his understanding of 
the dark forest state of the universe, which he deduced 
from the axioms of cosmic sociology. In the prolo-
gue of the novel, Ye Wenjie states to Luo Ji these two 
axioms: “First: Survival is the primary need of civili-
zation. Second: Civilization continuously grows and 
expands, but the total matter in the universe remains 
constant” (The Dark Forest 14). Initially, Luo Ji was 
unable to see the bigger truth within these principles 
and spent years wasting away, pondering these ideas. 
However, after recognizing the deeper insight within 
these truths, Luo Ji conducts a groundbreaking trial to 
confirm the dark forest hypothesis. He uses the Sun as 
an antenna to broadcast the coordinates of 187J3X1, a 
star light-years away, to the rest of the universe. After 
this message is sent, he learns that the star was destro-
yed shortly after his broadcast, ultimately validating 
the idea that the exposure of one’s location in the 
universe leads to annihilation (The Dark Forest 529). 
This experiment solidifies his belief in the hostile 
nature of the universe and becomes the basis for his 
deterrence strategy. Armed with this knowledge, Luo 
Ji directly confronts the Trisolarans in a final standoff. 
He reveals that he has planted bombs in the asteroid 
belt, designed to create dust clouds that would expose 
the locations of both Trisolaris and Earth to the rest 
of the universe. He explains that should the Trisola-
rans proceed with their invasion, he will detonate the 
bombs. (The Dark Forest 556–557). The immediacy 
and credibility of this threat caused the Trisolarans 
to halt their invasion, acknowledging the precarious 
logic of MAD. Through his ingenuity and application 
of cosmic sociology, Luo Ji successfully deterred the 
Trisolarans, securing humanity’s survival. 
 
The success behind Luo Ji’s strategy lies in its basis 
in game theory, deterrence theory, and the axioms of 
cosmic sociology, all of which converge on the idea 
that mutually assured destruction (MAD) is the most 
effective deterrent against a vastly superior enemy. His 
plan to expose the location of Trisolaris takes advanta-
ge of MAD, ensuring that any aggression would lead 
to their mutual annihilation, forcing the Trisolarans 
to abandon their invasion. The “chain of suspicion,” 
as described by Ye Wenjie, illustrates that civiliza-

tions cannot trust one another due to the impossibility 
of verifying intentions, creating a perpetual state of 
mistrust and hostility (Zhang 203). This chain, along 
with the dark forest’s harsh realities, demonstrates 
that survival depends on credible threats rather than 
cooperation. Luo Ji’s credible threat succeeds because 
it forces the Trisolarans to recognize their vulnerabi-
lity in a universe governed by destruction. Moreover, 
Liu’s dark forest theory can be interpreted as a cosmic 
extension of Carl Schmitt’s enmity framework, descri-
bing interstellar hostility as the “absolute, organizing 
political theory for the cosmos” (Afflerbach 172). 
Enmity, defined as a fundamental and perpetual state 
of antagonism between entities, is portrayed in Liu’s 
narrative as a part of cosmic sociology, where civili-
zations are stuck in an unavoidable conflict due to the 
constant threat of annihilation. This hostile state of 
existence makes MAD the only logical strategy, as it 
ensures a balance between survival and destruction. 
Luo Ji’s plan embodies these principles, proving that it 
remains humanity’s best chance of survival in a hosti-
le, unforgiving universe. 

Although Luo Ji’s plan succeeds in deterring the Tri-
solarans’ invasion, some argue that deterrence carries 
immense risks and complexities due to the nature of 
MAD, making it not a viable strategy for humanity’s 
survival. One major risk of deterrence arises from 
the fact that the enemy must view the threat as credi-
ble. In deterrence, “[i]f the perceiver thinks that [the 
other side has] high resolve, deterrence will be relati-
vely easy…[i]f he has the opposite view, it will take 
great efforts to make a credible threat” (Jervis 26). 
The credibility of a threat is extremely important in 
deterrence, and a failure to establish this results in a 
failure of deterrence. This concept is illustrated after 
the events of The Dark Forest. When the one in charge 
of deterrence changes from Luo Ji to Cheng Xin, the 
Trisolarans immediately and successfully invade Earth 
(Liu, Death’s End 213). However, because Cheng Xin 
is perceived to have great amounts of empathy, the 
Trisolarans correctly predict that she does not have 
the resolve to annihilate both civilizations, allowing 
them to invade Earth. The other major risk of dete-
rrence comes from the fact that “threats of coercive 
war can misfire if the state does not understand what 
the opponent values” (Jervis 5). The immense destruc-
tive consequences of MAD create an atmosphere of 
extreme fear, where misunderstandings and miscalcu-
lations can quickly escalate into catastrophic conflict. 



Moreover, Jervis explains that failing to understand 
an opponent’s values can lead to deterrence breaking 
down entirely, as the threatened party might see com-
pliance as more costly than the risk of conflict. This 
fragility elucidates how unstable deterrence can be, as 
for it to work perfectly, it requires a completely clear 
understanding of the other side’s values. Ultimately, 
these two major risks emphasize how uncertain and 
unreliable deterrence can be as a strategy.
 
Even though miscommunication and ensuring the 
credibility of the threat are both significant risks, 
these challenges can be managed effectively when 
deterrence is implemented with precision and the 
right leadership. Miscommunication in deterrence 
strategies often stems from miscalculation, which can 
lead to unnecessary escalation or conflict (Freedman 
4). However, Luo Ji’s plan avoids this risk through its 
simplicity and clarity, as his threat to expose the Triso-
larans’ location to the universe is direct and leaves no 
room for ambiguity. By being as plain as possible, he 
states to the Trisolarans that if they continue to come 
towards Earth, he will trigger MAD, obliterating both 
worlds. Along with this, the credibility of the threat is 
paramount, as demonstrated in the sequel and finale of 
this trilogy, Death’s End. In contrast, Luo Ji’s time as 
Swordholder, the one who has the power to send the 
broadcast signal, marked by his unwavering commit-
ment to deterrence, ensured sixty years of stability and 
peace between Earth and Trisolaris (Death’s End 159). 
The Trisolaran invasion was not due to a failure of 
deterrence itself but rather the failure of its enforcer to 
act decisively. This highlights that deterrence remains 
a viable long-term strategy, provided it is upheld by a 
leader with unwavering resolve and clear communica-

tion. 

Cixin Liu presents survival in a universe defined by 
threats and unrelenting hostility in The Dark Forest. 
By exploring the failures of Frederick Tyler, Manuel 
Rey Diaz, and Bill Hines, the novel demonstrates that 
strategies lacking credibility are unable to hold wei-
ght against enemies as formidable as the Trisolarans. 
The only successful Wallfacer plan comes from Luo 
Ji’s strategy, where he utilizes deterrence and MAD 
to create a credible and immediate threat that halts 
the Trisolarans’ invasion. While some highlight the 
inherent and immense risks of deterrence that cause 
it to be an unsustainable strategy, this novel affirms 
that it is the only strategy capable of navigating the 
precarious balance between survival and destruction. 
Ultimately, in the unforgiving cosmos of this universe, 
deterrence remains the best viable solution to ensure 
humanity’s survival.
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Introduction	  

The recent conflicts in Southeast Asia between local 
Muslim and Buddhist communities have reinfor-
ced the pervasive perception of the existence of a 
deep-seated Buddhist-Islamic civilizational clash. 
Supporters of this perspective argue that Islamization 
endangers the very existence of Buddhism, framing 
contemporary tensions as extensions of an alleged 
historical feud between the two religions. Proponents 
of this narrative often reference incidents such as the 
Sack of Nalanda and the decline of Buddhism in Cen-
tral Asia due to Muslim conquests, portraying Mus-
lims as violent and chaotic while depicting Buddhists 
as peaceful and rational. As part of the larger civili-
zational framework, this claim implies the dissection 
of the world along several cultural lines such as the 
West, the Islamic, and the Oriental worlds, or along 
the religious lines, emphasizing the inherent and irre-
concilable differences between them. By depicting a 
clear-cut image of dualism, it overlooks the intra-civi-
lizational conflicts and internal diversity of a religious 
population, disregarding the distinction of culture, 
ethnicity, and history. Moreover, the civilizational 
historiographical framework conceives religions as in-
dividual players while ignoring the true agencies with 
specific contexts. In other words, even if one were to 
write a history between Buddhism and Islam, it was 

their followers distinguished by diverse backgrounds 
that engaged, interacted, and shaped history instead 
of the belief systems themselves which are incapable 
of doing so. Nevertheless, the Buddhist-Islamic clash 
narrative oversimplifies the complex interactions 
between these religious communities, reducing their 
history of mutual influence, shared development, and 
cooperation to a false binary of opposition despite 
underlying political and economic complexities. Not 
only does this misconception provide a simplistic ex-
planation that discourages deeper analysis of religious 
interactions, but it also serves to justify anti-Muslim 
campaigns led by Buddhist nationalists, particularly 
in Sri Lanka and Myanmar, leading to widespread 
violence and population displacement.
 
Hence, it is critical to evaluate this narrative and its 
origins within specific historical contexts to avoid 
overgeneralization. Contrary to the claims of a cen-
turies-old Buddhist-Islamic clash, historical records 
from the 7th to 17th centuries reveal numerous ins-
tances of religious tolerance, cultural exchange, and 
peaceful coexistence between Muslims and Buddhists 
in various regions, including Southeast Asia. Althou-
gh the civilizational framework may have origins in 
antiquity, the classification of the world along cultural 
lines was not institutionalized until the 19th and 20th 
centuries. As modern Imperialism organized diverse 
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societies into civilizational orders, the British colo-
nial rule in Southeast Asia further alienated different 
religious minorities. With the rise of the anti-colonial 
movement, modern political conflicts evolved from 
this old colonial legacy and escalated under the mere 
name of religious conflicts. Therefore, this essay 
challenges the civilizational clash narrative between 
Islam and Buddhism by highlighting the multifaceted 
nature of Muslim-Buddhist relations. It further argues 
that this narrative is a modern construction, shaped by 
19th-century British colonial rule and the subsequent 
anti-colonial nationalist movements. By deploying 
representative historical facts from the Indian subcon-
tinent, Central Asia, and Southeast Asia, this article 
aims to offer a historiographical analysis as an alterna-
tive to the civilizational frameworks rather than a de-
tailed examination of the individual historical events. 
 
Origins of the Clash Narrative 

The Buddhist-Islamic clash is an extension of the 
civilizational framework developed during the Im-
perial context of the 19th century, reinforced by the 
British colonial regime as a political tool to secure its 
rule. With the rise of imperialism in the 19th century, 
Western thinkers sought to categorize the world into 
distinct civilizational orders, often as a means to justi-
fy colonial expansion and assert Western superiority. 
This period saw the emergence of theories that framed 
history as a linear progression, with European civili-
zation positioned at its pinnacle. A prominent example 
of this is in Georg Wilhelm Friedrich Hegel’s The 
Philosophy of History, which divides the world into 
cultural and historical stages, assigning each civiliza-
tion a specific role in human development. According 
to Hegel, Western civilization represents the highest 
stage of progress, characterized by reason, individual 
freedom, and political institutions that he believed 
embodied the ultimate realization of human poten-
tial. This framework not only reinforced Eurocentric 
perspectives but also influenced later colonial policies 
and intellectual debates about the hierarchy of civili-
zations. 
 
Rather than being rooted in centuries of historical 
conflicts as asserted, the Buddhist-Muslim rivalry was 
a modern discourse devised by the British colonial 
regime based on the civilizational discourse. To gain 
better control of the local populations and redistribute 
the central power, the British divided and ruled, es-

tranged, and alienated various religious communities 
that had previously lived together mostly in harmony. 
As justifications, British colonial scholars argued that 
Muslims, Hindus, and Buddhists have been in conflict 
with each other and it is only the British who could 
create peace and order in these clashing societies. For 
instance, in British Burma, the British differentiated 
major Burmese populations and various ethnic minori-
ties, particularly externalizing the Arakanese Muslims 
(including Rohingya) as foreign incomers brought by 
colonizers despite their previous existence in Burma. 
This inevitably led to the conceptualization of Burma 
and later Myanmar as dominated by Burmese, dis-
regarding the contributions of Arakanese minorities. 
Rigid segregation and categorization of ethnic and 
religious groups were a colonial construction as the 
local populations previously conceived local Muslim 
communities as part of the population without distinc-
tions, as evidenced by Taw Sein Ko, a local Chinese 
Burman who acknowledged the cosmopolitan nature 
of Burma in his work. The colonial differentiation led 
to the subsequent marginalization of the Arakanese 
Muslims. The anti-Muslim sentiments grew when the 
British introduced more Indian immigrants including 
Hindus and Muslims to Burma, allowing them more 
employment opportunities while marginalizing the 
local Burmese population. It is reported that “Burmese 
people had to address their British and Indian supe-
riors as Thakin, ‘Master’, and to prostrate (shikho) 
before them in a submissive and humiliating way.” 
Consequently, the later anti-colonial and nationalist 
movements claimed that Burma has always been a 
majority Buddhist land and used the Buddhist-Islamic 
clash narrative to justify their anti-Muslim campaign. 
 
The British divide and rule also contributed to the 
deterioration of the relations between Sinhalese 
Buddhists and local Muslims. Under British rule, the 
Tamil-speaking minorities which included Hindus and 
Muslims were favored. Similar to colonial India, the 
British colonial rulers fostered the narrative that they 
were liberating the religious minorities from the domi-
nant and oppressing rulers. In particular, Tamil Mus-
lims were given privileges and “worked as interme-
diaries and itinerant peddlers to handle trade between 
British marine provinces and the Kandyan region,” 
outcompeting Sinhalese traders in the market. Gra-
dually, the Kandyan rulers developed a suspicion that 
Muslims were relaying information about the Kand-
yan state to foreigners, considering the local Muslims 
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as foreign voices, trade rivals, and competitors. Ad-
ditionally, this negative impression was exacerbated 
when the local Muslims stood with the British during 
the 1817 Kandyan Revolt, rendering martial and finan-
cial support.  

The British colonial practice in Ceylon and Burma 
of favoring certain minority groups while oppres-
sing Buddhists and undermining Buddhism created a 
sense of national existential threat, strengthening the 
association between ethnic identities and Buddhism.  
The shared struggles under British colonial rule thus 
spurred similar nationalist sentiments in Ceylon and 
Burma to embrace and preserve a national identity as 
Buddhists and eradicate colonial influence as well as 
the Muslim communities that were perceived as colla-
borators with the British. Consequently, a nationalist 
ideology developed around the 1910s, presenting “a 
nationalist agenda through a Buddhist framework” 
that emphasized anti-colonial and nationalist senti-
ments. Subsequently, the Buddhist-Islamic clash na-
rrative gained unprecedented popularity, as it framed 
contemporary colonial enemies and their perceived 
allies using historical Muslim-Buddhist conflicts as 
justification.  

Influenced by their predecessors, later historians came 
to conceive the relation between the West and Islam 
as one of civilizational clash. Notably, Bernard Lewis 
in The Roots of Muslim Rage argues that the modern 
conflicts evolved from the prolonged historical con-
flicts between Muslims and Christians such as the 
Crusades and the Battle of Vienna. Likewise, Samuel 
Huntington in The Clash of Civilizations and the Re-
making of World Order reinforced this perception. He 
contends that modern conflicts are inter-civilizational 
rivalries rooted in history, disregarding the intra-civi-
lizational clashes and the power dynamics of colonia-
lism. In light of this, proponents of the civilizational 
clash narrative interpret the modern anti-Muslim 
campaigns in Sri Lanka and Myanmar as direct conti-
nuations of historical rivalries.  

The Dawn of Interactions 
	  
Given the historical reality, the Buddhist-Islamic clash 
narrative is based on a one-dimensional and reductive 
representation of historical conflicts between various 
Muslim and Buddhist groups. The relations between 
various Buddhist and Muslim populations are dyna-

mic, featuring peaceful co-existence and active cultu-
ral exchange. As Buddhist communities in the Indian 
subcontinent dominated inter-regional and maritime 
trade, they had likely begun cooperating with inco-
ming Muslim traders decades before their first recor-
ded encounter in the early 8th-century . Nevertheless, 
their first recorded official engagement in 711 AD de-
monstrated the general policy of tolerance. Motivated 
by both religious and economic interests, Muhammad 
bin Qasim, an Umayyad commander, invaded Sind, 
a territory of the Lower Indus Basin and gateway to 
inner India populated by Hindu and Buddhist popula-
tions. Accusing the local ruler Raja Dahir of inaction 
against piracy, Muhammad bin Qasim not only resto-
red security and stability to Sind by eradicating pirates 
but also initiated a series of legal reforms that led to 
economic prosperity. Though a foreign invader, Mu-
hammad bin Qasim conquered mostly through treaties 
(sulh), leaving the local institutions largely intact. For 
example, even under Muhammad bin Qasim’s admi-
nistration, Brahmans continued to serve as revenue 
officers after the invasion. Furthermore, although the 
new ruling class imposed jizya, a tax on the non-Mus-
lim populations, local Buddhists and Hindus were 
free to practice their religions. The talented among 
them were offered high positions in Muhammad 
bin Qasim’s administration. In fact, Muhammad bin 
Qasim dedicated 3% of the principal revenue to the 
charity amendment of Buddhist monks and Brahmans. 
Without structural discrimination, local Buddhists 
coexisted harmoniously with Muslim communities 
and developed strong economic ties, which may have 
contributed to voluntary conversions. Reports indicate 
that “after the Muslim conquest of Sind, mercantile 
Buddhists were drawn to Muslims, adopting their 
fashion and attire, while ordinary Muslims in Sind 
dressed similarly to their non-Muslim compatriots”. 
Fond of their policy of open trade and religious tole-
rance, the same Sind Buddhist communities welcomed 
and traded with the Arab troops when they came back 
several years later for another expansion. Subse-
quently, the policy of tolerance set the precedent for 
the peaceful co-existence between various religious 
communities, followed by most later rulers.
	  
By the time of the Abbasid Caliphate, numerous con-
quests and trading activities inevitably increased the 
interactions between different Muslim and Buddhist 
groups. Most rulers continued to implement tolerant 
policies, notably the fifth Abbasid Caliph Harun al 



Rashid (786-809 AD). Though a Muslim ruler, he 
welcomed talented individuals of all religious back-
grounds into high-ranking positions in his court. By 
appointing Yahya Ibn Barmak, the grandson of the 
Chief Buddhist monk of Balkh as the Chief Minister, 
Harun al Rashid developed a network of Buddhist 
scholars and intellectuals commissioned as physicians 
in hospitals and translators of Sanskrit texts. More 
importantly, under his governance, the first recorded 
theological debate between Buddhists and Muslims 
challenged the notion of inherent Muslim hostility 
towards Buddhists in the Muslim-Buddhist clash 
narrative. During al Rashid’s reign, a messenger from 
Northwest India arrived in the court of Bagdad and 
requested, “I have been told that you have no proof of 
the truth of your religion but the sword…send some 
scholar from your place to discuss religious matters 
with a pandit of mine.” Although angered by this pro-
vocative statement, the Caliph nevertheless sent a reli-
gious scholar. After the first scholar lost the debate, al 
Rashid sent another group of leading Muslim intellec-
tuals to India. These scholars won the debate, which 
played a role in persuading the local rulers of Sind to 
convert to Islam. This theological debate exemplifies 
the mutual pursuit of truth and open-minded engage-
ment between Buddhists and Muslims, challenging the 
notion of inherent religious rivalry and the reductive 
representation of Muslims as violent and chaotic. 

Peaceful Engagement in Southeast Asia
	  
Similar to the peaceful encounters in the Indian sub-
continent, relations between Muslim and Buddhist 
communities in Southeast Asia were characterized by 
harmony from the 7th to the 18th century. In the 7th 
and 8th century Malay Archipelago, the Umayyad 
government sent envoys to Palembang, a significant 
Buddhist center at the time, to establish diplomatic 
relations with the Srivijaya Kingdom. This peaceful 
relationship is evidenced by a letter sent by the Sri-
vijayan emperor Sri Indravarman in 718 AD. It said, 
“I have sent to you a gift, which is not much of a gift 
but a greeting and I wish that you may send to me 
someone who might teach me Islam and instruct me 
in its Laws”. As a result of this peaceful engagement, 
Sri Indravarman eventually converted to Islam, accor-
ding to Ibn Taghribirdi in his works entitled al-Nujum 
al-Zahirah fi Muluk Misr wa al-Qahirah. This episode 
of voluntary conversion through peaceful diplomacy 
contradicts the civilizational clash narrative, which 

emphasizes forced Islamic conversions through con-
quest as a cause of Buddhism’s decline. 	
 
Similarly, even in present-day Sri Lanka where mo-
dern religious conflicts purported to be the most 
serious, harmonious religious co-existence persisted 
until British colonial rule. Under the protection of the 
Sinhala rulers, everyone enjoyed religious freedom 
without discrimination as noted by the 12th-century 
Arab author al-Idrīsī. According to him, the council 
of Sinhala rulers consisted of “Buddhists, Muslims, 
Christians, and Jews, each with four members”. Not 
only was religious co-existence common, but the 
Buddhist Sinhala rulers also favored the Arab Muslim 
traders who were almost always loyal to the king and 
contributed substantially to revenue through trade. For 
instance, by funding weapons and serving as royal 
physicians, the Muslim communities sided with the 
Sinhalese against external threats from the Hindu 
ruler of Jaffna to the Portuguese and Dutch invaders. 
The historical reality of religious co-existence again 
contests the clash narrative that concludes the relation 
between the two as one of confrontation. The harmo-
nious relations between local Muslim communities 
and Sinhalese rulers also invalidate the belief that the 
spread of Islam led to the expulsion of Buddhists.  

Cross-Cultural Exchange 

In addition to the general tolerant political framewor-
ks, the cultural exchange and intellectual engagement 
also reveal the multifaceted and intricate dynamics 
between numerous Buddhist and Muslim populations. 
Their encounters have spurred mutual studying as well 
as potential assimilation via cultural exchange. Since 
the 8th century, Buddhist texts increasingly attracted 
the attention of scholars in Muslim societies, leading 
to subsequent translations and interpretations. For 
example, the third Abbasid Caliph al-Mahdi (775-785 
AD) initiated massive translation projects of Sanskrit 
works of medicine and astronomy and invited Budd-
hist scholars from Balkh and the Indian subcontinent 
to the House of Wisdom. Muslim scholars with va-
rious origins analyzed and made commentaries on 
these texts comparatively, engaging intellectually with 
them in the context of Muslim societies. Iranian scho-
lar al-Biruni, for instance, highlighted the nuanced 
difference between different Buddhist ideologies and 
explained that the higher order of Buddhism discoura-
ges idol worshipping like Islam. 
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Moreover, the dynamic interactions between the two 
religions likely facilitated cultural exchange and 
assimilation as evidenced by the similarity between 
Sufism and Buddhism. When describing Buddhist 
traditions, the 11th-century Persian historian al-Sha-
hrastani noted that the teaching of Buddha is close to 
that of Sufis. Indeed, long-term mutual exposure in 
Central Asia may have led to a two-way process of 
assimilation. In the Kutadgu-bilig written by Yusuf 
Khas Hadjib in 1068 at Kashgar, the learned Muslim 
mystic Ogdurmīš was depicted like a Buddhist hermit 
in a cave, carrying a begging bowl (revke) and staff 
(tayak). Likewise, Buddhism and Sufism might over-
lap in ideas such as the Enlightenment and itlaq; emp-
tiness, and fanā’ (annihilation). These shared religious 
principles align with the historical reality that Budd-
hist convents and Sufi lodges (tekke) always stood 
side by side in the Tarim Basin in the 15th century. 
 
Acknowledgment of Conflicts & Violence 

While the harmonious periods existed, it is important 
to acknowledge episodes of conflicts as well. On the 
one hand, some Buddhists held bias against Islam and 
often associated it with violence. In 751 AD, Korean 
pilgrim Ou’kong intentionally avoided the areas occu-
pied by Muslim rulers for fear of persecution. Similar-
ly, several Buddhist texts explicitly denounced Islam, 
including the late 14th century Uighur Insādi-Sutra 
and Kalachakra Tantra from the 9th to 11th centuries. 
Particularly, the Kalachakra Tantra from the 9th-cen-
tury Tibet asserts that the prophet was an imposter 
and would “wreak havoc on the Buddhist world.” 
The Kalachakra Tantra from the 11th century, likewi-
se, portrayed the Arab Muslims as Tāyi mleccha, the 
Sanskrit word for barbarians, describing Muslims as 
camel blood drinkers. On the other hand, some Mus-
lims disdained Buddhists as idol worshippers and 
destroyed numerous Buddhist institutions including 
temples and stupas (Towers containing Sacred Relics). 
The idea of an inherent conflict between Buddhism 
and Islam is often supported by those who point to 
historical events as evidence of long-standing hostili-
ty. A key example frequently cited is the destruction 
of the Bamyan Buddhas in Afghanistan by the Taliban 
in 2001, an act widely condemned as an Islamic attack 
on Buddhist cultural heritage. Another commonly 
referenced event is the Sack of Nalanda in 1202 AD 
when Turco-Afghan Muslim general Bakhtiyar Khilji 
led an invasion that destroyed the renowned Nalan-

da University, a major center of Buddhist learning 
in India. These events are often used to construct a 
narrative of religious antagonism, though historical 
interpretations of such conflicts are more complex 
and contested. Additionally, there are also numerous 
accounts of incidents that seem to confirm the clash 
narrative such as the holy war waged by the Muslim 
ruler Sa’id Khan in 1516 AD. against Sarigh Uighurs 
who were predominantly Buddhists. 

Conclusion 
	  
As indicated by the historical facts above, the en-
counters between different Buddhist and Muslim 
communities were characterized by both violence 
and harmony, rather than fitting a clear-cut narrative. 
Yet none captures the full picture of their complex 
interaction. Concluding a Buddhist-Islamic civiliza-
tional clash ignores their history of mutual influence, 
peaceful co-existence, and cooperation. Furthermore, 
although extensive accounts of destruction and vio-
lence exist, it is erroneous and dangerous to suggest 
that these conflicts emerged solely for religious rea-
sons, as various political, social, and economic factors 
must also be considered. For example, in 705 AD, 
Buddhist Tibetans allied with Buddhist Turki Shahis 
to remove Umayyad force in Bacteria; however, years 
later after Muslim leader Qutaybah recaptured Bacte-
ria, Buddhist Tibetans allied with the Umayyad after 
their political interests changed. The Umayyad in turn 
sent Muslim scholar al-Hanafi to preach in Tibet. The 
flexible political agenda of Tibetans in both alliances 
underscores the flaws in describing conflicts in civili-
zational or religious terms, as political and economic 
factors are often at play.  

More importantly, neither Buddhist nor Muslim iden-
tities are universal and homogeneous, separated by di-
verse practices, and historical, geographical, cultural, 
and ethnic backgrounds. Therefore, concluding that 
there is a civilizational conflict between Buddhism 
and Islam overgeneralizes a much more complicated 
picture with dynamics that vary extensively across 
different regions. Although both Buddhist and Muslim 
fanatic rulers initiated religious persecution against 
infidels, they cannot represent the religion as a whole 
or even a similar religious community elsewhere. 
 
The historical reality of a multi-dimensional relations-
hip between various Buddhist and Muslim populations 



exemplifies mixed episodes of peace, violence, and 
active cultural exchange and assimilation. It challen-
ges the Buddhist-Islamic clash narrative for falsely 
concluding a relationship of conflicts based on biased 
representation of historical facts in civilizational ter-
ms. Furthermore, the recent origin of the narrative in 
the 19th century suggests an alternative historiography 
to the Buddhist-Islamic clash that includes an evalua-
tion of the political and economic factors of various 
historical agents. 
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Introduction 

The first cases of HIV/AIDS in the United States were 
detected by the U.S. Centers for Disease Control and 
Prevention (CDC) over forty years ago, yet the impact 
of the pandemic is still prevalent. Though the disease 
has been thoroughly combatted through antiretroviral 
therapies and pre- and post-exposure prophylaxis, 
certain populations are continuously affected by the 
virus, with 690,000 people dying from HIV/AIDS in 
2019 (Lancet 2021). In the United States, impacted 
populations are skewed towards the LGBTQ+ com-
munity, with men who have sex with men (MSM) 
making up a considerable proportion of HIV cases. In 
2022, the CDC determined that sixty-seven percent of 
new HIV infections occurred among gay and bisexual 
men or men who made male-to-male sexual contact 
(CDC 2022). 

This disproportionately high percentage of HIV/AIDS 
cases among MSM contributes to the persistence of 
stigma associated with homosexuality. One of the 
most prominent drivers of stigma for those at risk of 
HIV/AIDS is the biocultural concept of responsibili-
zation. According to Anderson and colleagues, respon-
sibilization is the process by which a patient’s deci-
sions become the primary causal factor for health or 
infection (Anderson et al 2016). Because HIV/AIDS is 
primarily a sexually transmitted disease, modern Ame-
rican culture assumes that one’s sexual habits control 
their risk of becoming infected. Because LGBTQ+ 

individuals — such as MSM and transgender women 
— make up a disproportionate number of cases (Ba-
ral et al 2013), their sexual behaviors are attributed 
to poor health, causing their sexualities and identities 
to be stigmatized as “deviant” and “unhealthy” (Tan 
2018). Polito-cultural assumptions then associate 
queerness with infection and disease, which enforces 
the relationship of these identities to “abnormality.” 
During the HIV/AIDS crisis, for example, communi-
ties regarded MSM sexual conduct as a causal factor 
for infection, rather than focusing on the properties of 
the virus itself (France 2017). 

In modern culture, LGBTQ+ individuals are often por-
trayed as sexually promiscuous or sexually deviant, 
enforcing the stigmatizations exacerbated by the HIV/
AIDS pandemic (Calabrese & Underhill 2015). Such 
attributions have a direct impact on those at risk of 
HIV/AIDS. Studies have shown that, when faced with 
stigma, individuals at risk for HIV/AIDS demonstrate 
lower levels of HIV testing and decreased adherence 
to antiretroviral medications, due to the shame and 
self-blame inflicted upon them (Ramirez-Valles et al 
2013). Considering that certain medications, particu-
larly pre-exposure prophylaxis, require strict adheren-
ce from the patient to maintain necessary antiretroviral 
tissue concentrations (Nelson et al 2015), the rhetoric 
surrounding responsibilization has a significant in-
fluence on the efficacy of preventative HIV/AIDS 
measures.
 

Abstract 
This persuasion brief conducts a rhetorical analysis of the narrative interviews of Descovy’s Real 
Stories Map, which is an online campaign for pre-exposure prophylaxis (PrEP), a preventative HIV/
AIDS medication. This analysis is supported by the rhetorical methodology of connotation and the health 
humanities framework of curative time. In the analysis of medical advertisement, this study accounts for pre-
existing stigmas against individuals at risk of HIV/AIDS, specifically members of the LGBTQ+ community 
such as men-loving men (MLM) and transgender women, though the infection is not exclusive to these 
demographics. This brief extrapolates upon the subject’s rhetorical techniques to encourage specific formats 
for future pharmaceutical campaigns by studying the implications of diverse, holistic narrative storytelling in 
preventative healthcare. Ultimately, inclusive language, diverse narratives, and variegated lived experiences 
in narrative allay the issues of temporal, single-story narratives in medicine.
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Destigmatizing LGBTQ+ Identities through Diverse Storytelling: 
A Rhetorical Analysis of Descovy’s Real Stories Map 

by Catherine Pabalate



Researchers such as Staupe-Delgado and Rubin re-
cognize PrEP and similar medical measures as “res-
ponsive practices” to pandemics. According to their 
research, responsive practices are “altered routines 
and social behaviors resulting from the new regime 
imposed by the altered state of affairs” (Staupe-Del-
gado & Rubin 2022). Since the medical intervention 
of PrEP diminishes the spread of HIV/AIDS, it has 
been regarded as a positive behavioral shift. However, 
these measures have led to the construction of “coun-
ter-practices,” which heighten the homosexual stig-
ma surrounding the disease. Such counter-practices 
include the assumptions by medical practitioners that 
safer sex practices and preferences are a solution to an 
easily fixable “problem.” This supposition constructs 
a reality where same-sex attraction or queerness is 
an “abnormal habit,” and a queer individual, through 
change, can return to “normal” bodily expectations 
(Golub 2018).
 
HIV/AIDS preventative medications, such as PrEP, 
are important to protecting the health and wellness of 
at-risk individuals, so the conversations surrounding 
queerness and HIV/AIDS must be managed in a way 
that actively sheds the stigma surrounding queer se-
xual preferences. If stigmatizing rhetoric surrounding 
pre-exposure prophylaxis is a direct cause of dimini-
shed self-administered medication, as well as obstruc-
tive shame around treatments, pharmaceutical cam-
paigns should use their ethos as a medical institution 
to share the diverse stories and experiences of patients. 
Showing the holistic lifestyles of queer individuals 
reconstructs a narrative of queerness as a multifaceted 
identity that exists outside of sex and sexual preferen-
ce. Drug campaigns can show how PrEP improves the 
lives of individuals both within their sexual lives and 
beyond them, countering the assumption that those at 
risk for HIV/AIDS only prioritize their sexual beha-
viors.
 
Descovy’s Real Stories Map contains narrative inter-
views that diversify the experience of individuals at 
risk for HIV/AIDS. The ongoing stigma surrounding 
queerness, specifically MLM and MSM, constructs an 
identity for the community as sex-driven and anti-fa-
mily. However, Descovy’s narrative interviews use the 
personal, complex, and holistic stories of patients to 
humanize affected individuals, diversify experiences, 
and deconstruct said stigmas. Through the specific 
details of a patient’s life, from their family lives to 

their hobbies and careers, Descovy broadens the na-
rrative surrounding at-risk individuals and highlights 
preventative medication as a means of enhancing the 
fulfilling lives of patients. This persuasion brief will 
study the connotative rhetoric of the Real Stories Map 
and analyze which de-stigmatizing approaches can 
be applied to other drug campaigns and pharmaceu-
tical advertisements. I will also discuss the potential 
shortcomings of the Real Stories Map, specifically 
regarding inclusive language to other queer identities 
beyond MLM and MSM, and what may be improved 
for future PrEP endeavors.

Methods 

I analyzed nine narrative interviews of members of the 
LGBTQ+ community across the United States, though 
most of the interviews are concentrated around the 
northeast and southeast regions of the country. The-
se interviews are publicly available on the Descovy 
website as part of their Real Stories Map campaign, 
along with quotes from other Descovy users. Though 
the quotes also demonstrated the positive impact of 
PrEP on the lives of at-risk individuals, the narrati-
ve interviews provided a more in-depth analysis, as 
they included videos and photographs of each of the 
interviewees. The interviews are each between three 
to seven minutes long and interspersed with short 
advertisements for Descovy. All of the interviewees 
are adults, presumably between their late twenties and 
early sixties, though their exact ages are unspecified. 
The interviewees represent multiple racial identities, 
and seven of the nine interviewees identify as male. 
One participant identifies as a transgender woman and 
another as a non-binary person.
	  
In my analysis, I apply the rhetorical strategy of 
connotation to the narrative subjects to determine the 
covert objectives within their statements. According 
to Purdue University’s Online Writing Lab (OWL), 
“connotation” refers to the implied meaning of a 
word or statement due to its specific context (Purdue). 
Conversely, denotation is the study of the explicit 
meaning of a word or statement, or what is being 
directly expressed. By studying the narrative’s conno-
tative meanings, I can assess how the tone, diction, or 
emotional intensity of certain statements create an im-
pression of the narrator on the audience (University of 
Idaho 2020). Specifically, I focus on different aspects 
of identity highlighted within the narrative interviews, 
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paying attention to the topics of each interviewee’s 
personal stories, as well as the order in which they are 
introduced. For the audience, these aspects demonstra-
te which parts of the interviewees’ lives impact their 
identity most prominently. I study overarching topics, 
such as the value of family, the appreciation of home, 
and the uniqueness of one’s experience within the 
LGBTQ+ community.
	  
My analysis applies the concept of curative time 
discussed in Molly Margaret Kessler’s Stigma Sto-
ries: Rhetoric, Lived Experience, and Chronic Illness, 
which researches the stigma surrounding G.I. tract 
disabilities and ostomies. Curative time is the social 
construction of a linear experience through illness or 
disability, or the concept that a person exists in two 
spaces: disabled, or “before cure,” and not disabled, or 
“after cure” (Kessler 2022). The concept of curative 
time can exacerbate health-related stigmas, as they 
erase or neglect other aspects of identity outside of 
illness or potential illness. I examine how the Descovy 
Real Stories Map functions within or outside of the 
concept of curative time, focusing on how patients’ 
health experiences are mapped either linearly or 
nonlinearly. I also examine how distinct, multifaceted 
narratives aim to deconstruct the concept of curati-
ve time, creating one constant identity that persists 
regardless of one’s current health status.

Rhetorical Analysis of the Real Stories Map 

The Value of Family in PrEP Narratives 
	  
Many assumptions are made about the characteristics 
of the LGBTQ+ community, but a primary stigma 
is that members of the community are promiscuous, 
prioritizing sexual relationships above familial ones 
(Tan 2018). This stereotype is exacerbated by the ex-
perience of HIV/AIDS, as it is a sexually-transmitting 
disease of which queer individuals are disproportio-
nately represented as the primary patients. However, 
Descovy’s Real Stories Map highlights patients who 
love and prioritize their families, describing their 
relationships before mentioning the use of HIV-pre-
ventative medication. These narratives deconstruct 
the concept of curative time by focusing on the con-
sistent support and healthy relationships maintained 
while taking PrEP. One of the interviewees, Dean, 
begins his narrative by explaining how family has 
been a constant structure of support in his life: “My 

family is scattered all over, but this will always be our 
home. We have a family reunion at the house every 
year. This year was number 101. I’m also close to my 
extended family, my co-workers, former students, 
and neighbors, and of course, I have my two dogs…” 
(“Meet Dean”, 0:17-0:33). As the narration plays, the 
video shows a collage of Dean’s life: watering the 
plants, playing outside with the dogs, hugging his 
relatives. Immediately, Dean lists the diverse nature of 
his relationships, shaking the audience’s preconceived 
notion that queer men who are at risk for HIV/AIDS 
are only concerned about sexual relationships. He 
also emphasizes the community support he receives, 
which, through an advertisement, might be comforting 
for other members of the LGBTQ+ community who 
are afraid to begin treatment for fear of being ostra-
cized. He also sheds the concept of curative time by 
demonstrating how his life and family relationships 
have remained constant, even after he began taking 
PrEP medication.
	  
Dean is not the only interviewee who emphasizes the 
importance of family relationships in their life. Sergio, 
an interviewee from El Paso, Texas, introduces his 
family in his narrative, constructing the introduction 
of the video in the format of a family sitcom. While 
Sergio had lived in Chicago for multiple years, he 
returned to Texas to be with his family, his primary 
source of support. Though Sergio explains that some 
members of the LGBTQ+ are not accepted by their 
families, he is fortunate to be surrounded by loving 
relatives who support him and his romantic partner. 
Sergio’s parents appear on-screen during the inter-
view, stating to the camera, “There is an unconditional 
love between parents and children…[Sergio] has an 
incredible heart and shares it with the world” (“Meet 
Sergio”, 1:10-1:22). Through the direct introduction of 
Sergio’s parents, the narrative breaks down the stigma 
that LGBTQ+ individuals are unloved for the “poor 
choices” that they make through their sexuality. The 
video proves to its audience — who, since the videos 
are published by the pharmaceutical company, is 
likely composed of at-risk individuals from the LGB-
TQ+ community — that they are capable of finding 
communities of support. The uplifting narrative of 
community counters the fear of isolation and ostraci-
zation that queer people experience in the discussion 
of HIV/AIDS, and this emotional redirection can 
encourage individuals to seek out effective treatments 
and care. 



The narratives offered through Descovy’s Real Stories 
Map highlight the different ways in which family can 
be constructed. Kyle, a non-binary interviewee from 
Oklahoma, tells the audience that they live with their 
partner, and they have four pets: a dog, a cat, and two 
sugar gliders, which are a species of small marsupial. 
When discussing their family, Kyle says, “We have a 
wonderful, growing family” (“Meet Kyle”, 0:45-0:46). 
The word choice of the term “growing” is a device 
that eliminates the stigmas that arise from the concept 
of curative time. If the constructs of the individual 
“before illness” and “after illness” are counterparts 
of each other, and the “before illness” self is shown 
as being family-oriented, the stigma arises that the 
“after illness” self is isolated or detached from fami-
ly dynamics. However, because Kyle describes their 
family as actively “growing,” their language connotes 
that LGBTQ+ individuals at risk for HIV/AIDS can 
still maintain or develop new family relationships. 
This rhetorical device is valuable to an audience of 
at-risk individuals who are afraid to begin or maintain 
treatment due to fear of ostracization. It is a mode of 
reassurance for those who have been convinced by ex-
ternal stigma that beginning preventative HIV/AIDS 
medication will undermine their social and familial 
identities.

Out-of-Illness Identifiers and Shedding Stigma 

One of the ways in which stigma becomes pervasive is 
when the supposed illness causal factor is regarded as 
the sole identifying characteristic of an individual. In 
the case of HIV/AIDS, this stigma arises when indivi-
duals, specifically those in the LGBTQ+ community, 
are identified solely through their sexuality, neglecting 
or erasing other qualities of their character. Since ho-
mosexuality and queerness is stigmatized as “deviant” 
because of its assumed ability to “cause” HIV/AIDS 
(Tan 2018), having sexuality as a primary identifier in 
all HIV/AIDS narratives can be problematic because 
it perpetuates this assumption. In the Descovy Real 
Stories Map, the narrative interviewees demonstrate 
multiple facets of their identities that are important to 
them, shedding the stigma of HIV/AIDS patients as 
one-dimensional outside of their sexuality. For exam-
ple, Oli, an interviewee from Atlanta, Georgia, was 
asked during his interview, “What are your passions?” 
To this, he responded, “I am a huge sneakerhead, and I 
have over one hundred and twenty-six pairs…I’m also 

a competitive weightlifter, so I work really hard to 
stay in shape” (“Meet Oli”, 0:54-1:09). By construc-
ting his out-of-illness identifiers, Oli is demonstrating 
that his PrEP medication is not the primary focus of 
his daily life. His personal narrative humanizes him 
to the audience, allowing the audience to relate to and 
connect with Oli. This personal connection sheds stig-
ma surrounding homosexuality and HIV/AIDS, as it is 
a manner through which the audience can identify and 
empathize with Oli. 

Another way in which out-of-illness identifiers in-
fluence the audience’s perception of those at risk of 
HIV/AIDS, as well as their perception of PrEP, is by 
dictating the order of priorities within an individual’s 
life. For many interviewees, their PrEP regimen and 
the potential risk of illness were not the primary focu-
ses of their lives. For Kevin, an interviewee from New 
York, his love for performance and his ability to travel 
for work structured his medical routine, rather than the 
other way around. In his interview, he states, “When I 
was traveling and performing overseas, my schedule 
was nonstop. It was crazy, so it was important for me 
to have an HIV prevention plan that fits into my daily 
routine” (“Meet Kevin,” 2:22-2:32). From the syntax 
of this statement, it is connoted that Kevin’s primary 
aspect of his identity is his performance career. This 
statement deconstructs the stigma that those at risk 
for HIV/AIDS place their medical treatments in the 
foreground of their lives, obstructing other aspects of 
their identity in the process. Instead, Kevin illustrates 
a reality where an individual can pursue their passions 
freely and without worry, while still taking health 
precautions. Kevin’s story persuades its audience to 
recognize that safe adherence to PrEP will not alter 
other aspects of their lives, and it counters the coun-
ter-practices of practitioners who believe that homo-
sexuality is a “problem” that should be prioritized for 
“fixing.”

Fostering Conversations in HIV/AIDS Prevention 

Stigma is a catalyst for isolation. As discussed pre-
viously, those at risk for HIV/AIDS who fear stigma-
tization tend to shroud their sexuality and identity, 
refusing medication or adhering poorly to regimens. 
This pattern is especially dangerous for the health 
and well-being of at-risk individuals, both physica-
lly (by being at risk for HIV/AIDS) and emotionally 
(by experiencing anxiety and depression as a result 
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of sociocultural implications) (Jaramillo et al 2023). 
Descovy’s Real Stories Map counters these issues 
in their narrative interviews by demonstrating how 
interviewees found or maintained community through 
their HIV prevention regimens. Kevin was one of the-
se interviewees — when asked how he learned about 
PrEP, he replied, “I first heard about Descovy for PrEP 
from a friend here in the city” (“Meet Kevin”, 1:45-
1:48). While Kevin was relaying his experience to 
the audience, a text message from Kevin’s accredited 
friend appeared on the screen beside him, saying “Hey 
Kev. Have you heard about Descovy for PrEP?” The 
casual conversation between friends about HIV  
preventative medication alleviates the taboo about 
discussing treatment for sexually transmitted diseases. 
Kevin’s experience encourages other at-risk indivi-
duals within the audience to seek out others with si-
milar health experiences to build a community around 
preventative medication. In his narrative, Kevin also 
explains how his friend introduced him to a daily 
medication tracker, which demonstrates how finding a 
community can encourage stronger adherence to drug 
regimens. Considering the importance of strict adhe-
rence to PrEP to maintain preventative efficacy, this 
rhetorical strategy helps uphold the safety of those at 
risk for HIV/AIDS. 

Some of the interviewees received support and encou-
ragement to seek out PrEP medication from their fami-
ly members. Lamont, an interviewee from Pittsburgh, 
Pennsylvania, explains that his brother, who is also a 
member of the LGBTQ+ community, was the one to 
convince him to begin taking PrEP. In his interview, 
he says, “My brother was the one who first told me to 
ask my doctor about all of my HIV prevention options, 
including PrEP medications. He’s on PrEP medication 
too. That was the push I needed to talk to my doctor 
about starting PrEP medication” (“Meet Lamont”, 
1:47-2:04). The use of the active term “push” conno-
tes that Lamont was hesitant to begin treatment, but 
he was encouraged by his brother, a figure of support 
whom he trusted and looked up to. Lamont had obser-
ved the benefits of PrEP medication in his brother, and 
he was able to eliminate the uncertainties he had about 
PrEP. In his interview, Lamont said that, after his 
brother had convinced him to begin PrEP medications, 
he began to conduct research to educate himself on the 
drug regimen. Lamont’s story is an example of how 
having figures of support in one’s experience with 
PrEP demystifies both the medication and the process 

of obtaining and adhering to the regimen.
 
Without the proper support in the process of establi-
shing a PrEP regimen, individuals may feel confused 
or even scared due to the mystification of PrEP. Inter-
viewee Steve explains how this is an ongoing problem 
for people of color who are at risk for HIV/AIDS. As 
a member of the Latinx community who grew up in 
a conservative location, Steve says, “I think there’s a 
lot to be done in the Latinx community — Hispanic, 
Mexican community — to make sure they have the 
right tools and the right education to know that there 
are options out there for them, and I think it’s impor-
tant for them to be able to talk to their doctor about 
medication” (“Meet Steve”, 1:00-1:15). Without a 
community to discuss the impacts of HIV/AIDS medi-
cation, those at risk may not understand how or where 
to access proper medication. As Steve discusses in his 
interview, greater education and accessibility are com-
munity-wide issues, rather than individual ones. The 
demystification of HIV/AIDS preventative medication 
arises from conversations between patient and practi-
tioner, as well as providing a safe, open space within 
the community to discuss measures of protection 
against sexually transmitted diseases without stigma.

Limits and Exclusionary Language 

Descovy’s Real Stories Map works to destigmatize 
those at risk for HIV/AIDS through diverse family 
and community narratives, but it is weakened by its 
use of exclusionary language. While the Real Stories 
Map features a diverse collection of interviewees, 
including people of color, nonbinary people, and trans 
women, the campaign excludes a major demographic: 
cisgender women and those assigned female at birth 
(AFAB). At the top of the Real Stories Map, a label 
reads “[Descovy] is not for use in people assigned 
female at birth who are at risk of getting HIV from 
vaginal sex, because its effectiveness has not been 
studied.” By explicitly stating which groups the drug 
is not intended for, Descovy uses an exclusionary stra-
tegy to define the target patient demographic, rather 
than an inclusionary one. In other words, the target 
demographic is defined by who isn’t included within 
the group, rather than who is.
	  
This statement is not meant to admonish Descovy for 
not researching PrEP’s effects on AFAB people. The 
primary purpose of their statement is to prevent AFAB 



people from consuming a drug that will have no be-
neficial effects for them. However, the exclusionary 
rhetorical statement may recreate the sociocultural as-
sumption that HIV/AIDS is an issue that only affects 
individuals assigned male at birth (AMAB), specifica-
lly those within the LGBTQ+ community. According 
to the CDC, over seven thousand women in the United 
States contracted HIV/AIDS in 2019, supporting the 
notion that the disease is a threat to people of any gen-
der identity (CDC 2022). Pharmaceutical companies 
such as Descovy should be aware of the manners in 
which their syntax persuades their audience to assume 
certain beliefs about a disease’s target demographic or 
patient population. Though the use of cautionary sta-
tements is valuable, companies should avoid exclusio-
nary language to avoid perpetuating harmful stigmas 
surrounding HIV/AIDS and other diseases.

Implications and Moving Forward 

The diversification of preventative HIV/AIDS mea-
sures through Descovy’s Real Stories Map provides 
a precedent for how other pharmaceutical companies 
can utilize patient narratives to destigmatize and 
demystify a condition, disease, or health protocol. The 
discussion of family and community, as well as the in-
clusion of out-of-illness characteristics and identifiers, 
personifies and humanizes the patients of preventative 
HIV/AIDS, allowing the audience to empathize with 
affected individuals and alleviate prior preconceptions 
and stigmas. The structure of Descovy’s Real Stories 
Map can be applied to other drug campaigns and pre-
ventative health measures for conditions in which the 
primary demographic is stigmatized. Such examples 
could include Tourette’s Syndrome, in which patients 
are mocked or admonished for their behaviors, despite 
the uncontrollable nature of their condition. Below is 
a list of suggestions for pharmaceutical companies for 
their future endeavors: 

1. Illustrate the holistic experience of the individual, 
expanding beyond their experience as a patient. 
Descovy’s Real Stories Map demonstrates the value 
of holistic narratives, focusing on the qualities of 
the individual outside of their health regimens. The 
inclusion of hobbies, relationships, careers, and other 
aspects of identity constructs a multi-faceted perso-
nality that can reflect the experiences of the audience 
and potential consumers. Additionally, the inclusion 
of family and other interpersonal relationships cons-

tructs a community around the individual, shedding 
the notion that preventative medicine is an isolating 
process. Descovy’s Real Stories Map constructed a 
personal experience that exists outside of the tempo-
ral framework by demonstrating that a person’s other 
characteristics and identifiers don’t change with their 
health. This method can be applied in other contexts, 
allowing individuals of other conditions to recognize 
that their personhood is not hindered or altered by 
their diagnoses or medical treatments. 

2. Include the lived experiences of a diverse array of 
people to eliminate the ‘single-story’ phenomenon in 
rhetorical health. Descovy’s Real Stories Map inclu-
des the narratives of over a dozen individuals across 
the United States, and these individuals arise from a 
variety of backgrounds, including different racial, gen-
der, environmental, or social backgrounds. Many of 
the individuals discussed how their experiences with 
health intersected with their experiences within other 
communities. They discussed how their experiences 
were shaped by their racial identities, their genders, 
and their home situations. In the ‘single-story’ struc-
ture of an illness or health situation, one narrative be-
comes the defining experience of any individual with 
the noted condition, which can cause stigma when an 
individual doesn’t fit the “status quo.” A diverse narra-
tive approach alleviates this issue by introducing the 
audience to a wide variety of narratives, constructing 
the sociocultural understanding that the health expe-
rience can be lived in different manners. 

3. Replace exclusionary language with inclusionary 
language to avoid constructing assumptions about 
the “average” patient. One of the hindrances of 
Descovy’s Real Stories Map is that the cautionary 
statement in the heading of their page uses exclusio-
nary language to deter cisgender women and AFAB 
people from taking their medication. This perpetuates 
the assumption that HIV/AIDS is an issue isolated to 
cisgender men and AMAB people, although epidemio-
logical data proves otherwise. Pharmaceutical compa-
nies should avoid this rhetoric to avoid inaccurately 
reducing the patient demographic to one category. 
Instead, pharmaceutical companies should use inclu-
sive language, framed in this manner: “[Insert drug] is 
intended for [insert demographic], due to the research 
conducted.” This way, the pharmaceutical company 
can still market its product to its intended demogra-
phic, but it will not exclude the remaining demogra-
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phics from the health experience itself. 

While it is difficult to encompass the experiences of 
all patients within a pharmaceutical marketing endea-
vor, companies should make it a priority to demons-
trate that individual experiences will vary, as humans 
are multi-faceted, complex individuals who exist in 
numerous ways outside of their health conditions. In 
the future, health advertisement content should con-
tinue to shift away from single-story, temporal narra-
tives to favor diverse, sustained ones. These findings 
through my analysis of Descovy’s Real Stories Map 
help to produce a comprehensive guideline for diverse 
narrative modes in pharmaceutical campaigns. 
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Historical Context & Thesis  

European portrayals of Muslim women evolved signifi-
cantly from the Crusades to the contemporary colonial 
era, yielding changing perspectives and ideological 
agendas. During the Crusades, Europeans were fascina-
ted by Muslim women and often wrote about them as 
“exotic others”, a term coined to refer to a representation 
of people or cultures that are perceived as strange, un-
usual, or fundamentally different from the dominant cul-
ture. European writers explored the differences between 
Arab and European women concerning clothing and fe-
male modesty, but often without negative connotations. 
This relatively positive attitude towards Arab women 
saw a shift in the colonial era. During this period, they 
became political pawns in which European nations por-
trayed Arab women as oppressed to justify their colonial 
agendas. This trope, dubbed the “white savior” complex, 
characterized Arab women as silenced victims in need 
of rescue from violent Muslim men. Europeans used 
this portrayal to paint themselves as morally superior to 
Muslims and thus justify their imperial interests in the 
Middle East.  

Europe’s perspective of the Middle East has drastica-
lly transformed, but the condition of  Muslim women 
remained fairly constant from the Crusades to colonia-
lism. This reinforces the argument that Europe’s concern 
for Arab women was superficial, serving primarily to 

rationalize colonial ambitions. This change in perspecti-
ve paralleled European domestic tensions over women’s 
roles and the struggle to define a unified European iden-
tity. The portrayal of Muslim women became not only 
a means of asserting European superiority but also a 
projection of Europe’s internal contradictions and moral 
conflicts. Colonial officers and governors often made 
alliances with women’s liberation causes or feminism in 
Africa and Asia, even if they rejected these same ideals 
back home in Europe. This attitude shift and hypocrisy 
displayed by Europe during colonialism shaped a politi-
cal divide that still impacts solidarity between Western 
and Muslim women today. Understanding this shift is 
crucial to understanding modern political and social 
divides between the Middle East and the West. The 
Islamophobic ideas rooted in European colonial discour-
se persist today, fueling harmful stereotypes and biases 
about the Middle East and its people.  

From early travel literature to the colonial era, European 
portrayals of Muslim women evolved from fascination 
to political justification for imperial control, reinforcing 
anxieties about European civilization and perpetuating 
lasting social divides. 

Fascination With the “Exotic Other” in Early 
European Accounts  

Early European literature from the Crusades depicted 

Abstract 
European portrayals of Muslim women evolved from fascination with the “exotic other” during the Crusades 
to depictions of oppression used to justify colonial interventions in the 19th and 20th centuries. Early travel 
literature, such as Lady Mary Wortley Montagu of England’s writings, reflected nuanced and sometimes 
favorable views of Muslim women, contrasting with later colonial narratives that framed them as victims 
requiring rescue. This shift paralleled Europe’s internal struggles over gender roles and nation-building, 
projecting anxieties about their civilization and morality onto the Middle East. Colonial administrators 
and propagandists, such as Lord Cromer of Britain, hypocritically criticized Muslim societies’ treatment 
of women while opposing feminist reforms in Europe. These portrayals also influenced Western feminist 
rhetoric, furthering domestic agendas at the expense of solidarity with Muslim women. The enduring 
“white savior” trope perpetuates these stereotypes, complicating contemporary alliances between Western 
and Muslim women. Examining these historical shifts reveals how European identity crises have shaped 
perceptions of Muslim women and continue to fuel harmful stereotypes today. Recognizing and dismantling 
these biases is essential to fostering genuine solidarity among women across cultural divides.  

Key words: colonialism, Orientalism, patriarchy, White Savior Trope
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Muslim women with curiosity and exoticism, offering 
nuanced portrayals ranging from warriors and ruling 
queens to loving mothers and doting wives. Examples 
include the story of Calabre, who “features in accounts 
of the First Crusade and presents audiences with an 
intelligent Muslim woman devoted to her son.” Early 
Crusade literature did not “operate on a simple binary 
when depicting Muslim women” and instead presented 
complex images of non-Christian women. While not 
entirely free from bias, these stories lacked the colonial 
influence that was seen later on.  

An analysis of Lady Mary Wortley Montagu’s travel 
writings reveals how, before colonialism, Europeans 
perceived Muslim women with a sense of respect and 
intrigue. She set off for the Ottoman Empire in what we 
now call the Middle East in 1716, as her husband had 
just been appointed an ambassador on behalf of England. 
Lady Mary, a prolific writer, left behind in her letters a 
“brilliant, clever, and witty record of the Near East.” She 
is known as the first English woman to gain and portray 
an intimate knowledge of life in Turkey.  

In her letters, Mary juxtaposes the people she encoun-
ters in Turkey with men and women back home in 
England— often portraying Turkish society in a more 
favorable light than European society. About her visit to 
the famous baths in Turkey, Mary wrote: “I was dressed 
in my riding dress and certainly appeared very extraordi-
nary to them. Yet there was not one of them that showed 
the least surprise or impertinent curiosity, but received 
me with all the obliging civility possible. I know no Eu-
ropean court where the ladies would have behaved them-
selves in so polite a manner to a stranger.” She revels in 
the politeness and civility of the ladies in Turkey— so-
mething she is not used to at home in Europe. In another 
comparison to Europe, Mary shares her thoughts on the 
Muslim faith amongst women in Turkey compared to 
Catholicism in England. In her writing, her tone suggests 
that she believes the Islamic religion provides a more 
fulfilling framework for women’s lives, saying “...this 
is a piece of theology very different from that which 
teaches nothing to be more acceptable to God than a vow 
to perpetual virginity; which divinity is more rational, I 
leave you to determine.” This contrast between the Mus-
lim faith and monastic ideals is stark: one encourages 
perpetual virginity, while the other emphasizes marriage 
and childbearing as religious virtues. Mary’s compari-
son ultimately portrays the lives of Islamic women in a 
positive light.  

Beyond comparing Turkish and European societies, 

Mary also admires the beauty and fortune of Turkish 
women, writing “...there were many amongst them as 
proportioned as ever any goddess was drawn by the 
pencil of Guido or Titian…” and “the ladies with the 
finest skins and most delicate shapes had the greatest 
share of my admiration…” Charmed by their beauty and 
civility, Mary concludes her thoughts on Turkish women 
by highlighting their freedom within their religion and 
emphasizing their good fortune. She resolves her thou-
ghts by saying “Upon the whole, I look upon the Turkish 
women as the only free people in the empire…” It is 
evident that, while not entirely free from bias, Mary’s 
writings were absent of the colonial justification later 
used, but instead included a very positive perception of 
the life Islamic women lived.  

Emergence of the “Civilizing Mission” Ideology in 
the 19th & 20th Centuries  
	  
During the 19th and 20th centuries, Europe underwent 
a series of social and political changes that amplified 
its colonial ambitions. In the 19th century, the rise of 
Nation-States led to competition for dominance among 
European powers, which included motivation to have 
more colonies. Furthermore, a Naval arms race between 
Britain and Germany fueled the desire for new colonies 
to protect critical maritime and trade naval passages. 
Pushes for colonialism were also propelled by social 
change and ideological justifications. A rise in nationa-
lism fueled ambitions as colonies became symbols of a 
nation’s power/prestige, and missionary movements gai-
ned strength as religious zeal amongst Christians spread. 
Economically, the Industrial Revolution created a need 
for raw materials, which could be found in the colonies. 
Colonies also served as untapped markets for European 
goods. 
 
All of these changes in the 19th century set the stage for 
the 20th century, in which World War I and the fall of the 
Ottoman Empire created a power vacuum in the area we 
now refer to as the “Middle East”. The Armistice of Mu-
dros, signed in 1918, effectively ended Ottoman partici-
pation in the war and surrendered Ottoman control over 
much of their empire, marking the fall of a multi-ethnic 
empire.9 Mandates split up the land between British and 
French control with little to no concern for the people 
living in these areas—  a move that would fuel internal 
violence in the Middle East for decades to come. These 
changes were part of Europe’s increasing need to ra-
tionalize its intervention in the Middle East and North 
Africa, but the justification often shifted to a different 
narrative. European discourse frequently centered on the 



portrayal of Muslim women as oppressed, framing this 
image as a rationale for colonial and imperial actions. 
Muslim women’s depictions shifted from exotic and 
intriguing women to oppressed figures needing European 
intervention. This change was widespread and displa-
yed through a variety of means, including literature, art, 
and propagandistic posters. In literature, E.M Forster’s 
“A Passage to India” (1924) showed Muslim women as 
living in purdah, which refers to the practice of seclusion 
and modesty. The description of purdah highlights their 
lack of agency and contrasts the perceived freedom of a 
Western woman with that of a Muslim woman. Forster 
frequently mentions purdah in his writing. His discus-
sion of Oriental womanhood depicts women in India 

as held back by the chains of their religion, unable to 
free themselves, and in need of rescue. “‘The purdah 
must go,’ was their burden ‘otherwise we shall never be 
free.’” Similarly, images of Islamic harems were painted 
and “used as an example of what happens to a society 
if its women are not granted the same freedoms as its 
men.” Examples include those to the left like Jean-Au-
guste-Dominique Ingres’ painting L’Odalisque et l’escla-
ve. In reality, the harem was simply the female quarters 
of a household, and the way it was presented by male 
European artists had no foundation to their claims, given 
that Western men had no conceivable access to such 
quarters. 

Other examples of such art that categorized women as 
oppressed include colonialist propaganda posters, parti-
cularly those in French-occupied Algeria. Posters such 
as the one to the right, which states, “Aren’t you pretty? 
Unveil yourself!” urged Algerian Muslim women to stop  
wearing their veils. Similarly, the phrase “Aren’t you 
pretty?” can have a double meaning and is ambiguous in 
whether it is saying Islamic women are pretty or accu-
sing them of hiding the fact that they are not. 
Closely intertwined with the shift to viewing Islamic 
women as oppressed was the idea of the “White Savior” 
trope, which projected  Europe’s role as the liberator of 
oppressed Muslim women. This narrative erased Mus-
lim women’s agency, centering European superiority 
instead. Many Europeans held the belief that “invasion 
and colonization presented themselves to Europeans as 
something of a right and a duty, since only the Westerner 

could bring a stagnant Orient out of its backwardness.” 
As such, the “White Savior” trope became a “project 
of domination” sustained by pushing the idea that the 
Orient needed a rescue only white people could accom-
plish. This idea was further defined in 1899 through 
Rudyard Kipling’s poem “The White Man’s Burden”. 
Many people interpreted this poem to be a form of praise 
for white colonialism, in which the “burden” is the “mo-
ral responsibility of white men to rule over darker and 
dysfunctional people for their own good.”  
 
Ideas like these were embraced by some Islamic inte-
llectuals and rejected by others. Egyptian intellectual 
Qasim Amin wrote “The Liberation of Women” in 1899. 
His book was centered around the “premise that the 
liberation of women was a prerequisite for the libera-
tion of Egyptian society from its inferior position.” He 
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called for moderate improvement in women’s status by 
reforming the practice of veiling and seclusion, arranged 
marriage, polygamy, and divorce. Holistically, the edu-
cation of women was his primary focus, and he honed in 
on the idea that the status of women in society is a direct 
reflection of the nation’s moral standards. Commonly 
referred to as the “father of feminism”, Amin advocated 
for social reforms to improve women’s status in Egypt. 
However, Amin’s book reveals how even Islamic men 
came to view their women as criteria of civilization, 
exhibiting an  internalized set of biases that spawned 
because of British thought. To combat this, some Middle 
Eastern female intellectuals established the system of a 
Double Critique: a criticism against European colonia-
lism and racism while also challenging the patriarchy 
in the Middle East. These intellectuals argued that they 
should be able to critique their community without ope-
ning themselves up to colonialist critique as well. 

European Gender Dynamics and Internal  
Contradictions  

Europe’s critique of Muslim societies was hypocritical, 
as it also imposed restrictions on women’s rights and 
roles.Many Europeans who claimed to be champions 
of feminist rights in the Middle East went against these 
same sentiments back home in Europe. A prime example 
of this paradox lies in the actions of Lord Cromer, who 
was the British colonial administrator who served as the 
consul-general of Egypt from 1883 to 1907. Lord Cro-
mer was highly critical of Middle Eastern and Islamic 
culture, arguing that its supposed inferiority was linked 
to the treatment of women.He argued that “Westernized 
Christianity elevated the status of women while Islam 
taught that women should be degraded through the veil 
and segregation based on gender.” He even initiated 
unveiling campaigns during his time in Egypt. Despite 
this, Cromer opposed feminist movements in Britain and 
was even president of the National League for Opposing 
Women’s Suffrage in Europe.  

European writers also projected their anxieties about 
gender roles onto Muslim women, thus strengthening the 
narrative of European moral superiority. In 1879, when 
presenting a paper on female suffrage, Louisa Bigg told 
her audience that, “An Eastern traveler, struck with the 
unbearable tedium and monotony of life in the Harem, 
asked a native gentleman whether he should like to be 
treated as he treated his wives who were shut up in their 
dreary prison from one year’s end to another. “Oh, no,” 
he answered, “I am a man.” It is this spirit which dicta-
ted the Suttee, which prompted the Mahomedan spirit to 

deny that woman has a soul, and which bids the Engli-
shwoman stay at home and darn the stockings.” Bigg’s 
statement embodies an early European feminist strategy 
in which the Western woman could separate herself from 
the Eastern woman by presenting herself as a civilized 
counterpart to Western males, thus strengthening the 
argument for female emancipation. The concept of Eas-
tern women who lacked freedom or livelihood became 
embedded into Western feminist rhetoric to further their 
domestic feminist agenda, thus complicating efforts at 
genuine cross-cultural solidarity. 

Challenges to Solidarity Between Western and Mus-
lim Women  

Lingering colonial perspectives complicate contempo-
rary alliances between Western and Muslim women des-
pite shared struggles. Overcoming historical stereotypes 
remains challenging, as they persist in popular culture.
The “White Savior” trope still exists in books, mo-
vies, and television, with examples including Conrack 
(1974), Glory (1989), and Dances with Wolves (1990). 
Other barriers to alliance include lingering anger over 
past historical actions. For example, the U.S. invasion 
of Afghanistan remains controversial, as it was framed 
as a fight for women’s rights but ultimately worsened 
conditions for women. Although Western and Muslim 
women are battling many of the same issues and figh-
ting against patriarchy, Western women often still look 
down on Islam and its people due to unfair biases that 
have perpetuated European culture for centuries. These 
ingrained stereotypes often arise over issues Western and 
Eastern women share, such as abortion. Zahra Ayubi, a 
Muslim woman living in the United States, recently dis-
cussed how “critics blamed the so-called ‘Texas Taliban’ 
for new abortion restrictions in that state. She also saw 
a widely-shared photo of Supreme Court justices edited 
to show them in beards, turbans, and burqas… to show 
that SCOTUS has now become ruled by Sharia.” This 
edited photo reinforces stereotypes of Muslim women 
as oppressed and lacking reproductive rights, despite 
the fact that Sharia law can, in many interpretations, be 
permissive of abortion. Ayubi’s story reveals how linge-
ring colonial perspectives can perpetuate Western biases 
and thus complicate contemporary alliances amongst 
Western and Eastern women. Overcoming these bia-
ses is crucial for dismantling colonial perspectives and 
fostering a more inclusive feminist movement—one that 
prioritizes shared struggles over imposed patriarchies.. 



Conclusion  

In conclusion, European portrayals of Muslim women 
transformed substantially over time. From initially 
viewing Muslim women with a sense of curiosity and 
awe at the “exotic other”, attitudes shifted towards 
viewing these same women as “oppressed”. This shift 
in portrayal justified colonial interventions, projecting 
European identity crises and fueling divides that hinder 
solidarity between Western and Muslim women today. 
These portrayals reflected Europe’s internal struggles 
and moral conflicts and continue to perpetuate Western 
thought. Rethinking Western narratives and breaking 
down stereotypes about the Middle East could aid in 
fostering genuine alliances between Western and Muslim 
women, free from colonial biases.  
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