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Cover Art
Anatomical Illustrations of Our Time

About the Cover Art

‘Anatomical Illustrations of Our Time’ is a mixed medium painted 
illustration representing the relationship of arts and sciences through-
out history and in current time. The piece uses researched historical 
methods of anatomical illustration in order to create a modern rendi-
tion of historical 18th-19th century lithograph anatomical illustration 
with modern materials. The work changes the context of typical ana-
tomical illustrations and emphasises the creative influence behind the 
human artists who create scientific illustrations by creatively influenc-
ing an anatomically accurate depiction of the human throat and lungs 
with expressive medium application and color.

About the Artist
Angelina Uy, also known as Blaise, is an Illustration student at UNC 
Charlotte who explores the visual appeals of intricate patterning, visu-
al complexity, and vivid color. Working in a range of mediums, from 
digital work to gouache and oil paints, her work consistently uses 
intricacy and detail to create complex yet unified works for both fine 
arts and commercial purposes as a fine artist and illustrator. Her work 
creates narratives for the purpose of conversation and information. 
Ranging from works on femininity to scientific illustrations, Blaise 
uses her unique creative style to deepen the meaning of her work.

You can visit her website at 
sites.google.com/view/angelina-blaise-uys-portfolio
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Letter from the Editors
It is our tremendous honor and pleasure to present to you the second volume of the ETHEL Journal 
of Undergraduate Research at The University of North Carolina at Charlotte. As ETHEL continues 
to develop its mission to provide a platform to all undergraduates across disciplines to showcase 
and broadcast their research, we are pleased to present four such publications in this year’s journal. 
These papers represent the culmination of months of rigorous analysis, writing, and revision by the 
authors, our dedicated peer reviewers, and the ETHEL editorial board. For many of these student 
authors, the work published here serves as the defining capstone of their undergraduate experience, 
and we are proud to provide a forum to celebrate this achievement.

ETHEL is a student-run and student-edited journal that aims to highlight the tremendous work 
undertaken by undergraduates at UNC Charlotte and enable them to broadcast their findings, insights, 
and creations to the wider university community. Named after UNC Charlotte’s founder, Bonnie 
Ethel Cone, ETHEL is also an acronym for the characteristics that comprise undergraduate research: 
Excellence, Transformation, Honor, Equity, and Leadership. This volume spans a diverse array of 
disciplines—from the biological sciences to sociology—supported by faculty mentors representing 
five different colleges and departments across the university.

We extend our deepest gratitude and congratulations to every student who submitted their work; 
without your contributions, this journal would not exist. We also thank our volunteer peer reviewers 
for their meticulous feedback, the Office of Undergraduate Research for fiercely promoting ETHEL 
across campus, and the faculty mentors who are instrumental in facilitating these brilliant research 
opportunities. Finally, we must recognize Dr. Eric Millard, the pioneering force behind a student-
run research journal at UNC Charlotte and our faculty fellow for the past two years. Dr. Millard has 
guided ETHEL from its inception to this current release. His exceptional passion, devotion, and 
belief in undergraduate research have allowed this journal to blossom into the platform it is today.

We hope you enjoy the remarkable articles featured in this year’s edition of ETHEL, and we thank 
you for your support of undergraduate research at UNC Charlotte.

Arnav Sareen 
Editor-in-Chief

Noor Chima 
Associate Editor-in-Chief
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The ETHEL (Excellence, Transformation, Honor, Equity, Leadership) Journal of Undergraduate 
Research, is a dynamic, interdisciplinary platform that highlights student  research, fosters 

innovation, upholds academic integrity, promotes inclusivity, and helps shape the next generation 
of leaders.
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ADHD in the Global West: How Gender 
Influences Diagnosis
Salma El-Houshy
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I received from my friends, family, and my mentor, Dr. Rajwan Alshareefy, who have all seen my work at every stage, 
and encouraged me to pursue my research and improve it to the best possible quality. I would also like to sincerely thank 
Dr. Diane Zablotsky, for her time and assistance with revisions for this project, and for offering her continued reassurance 
and advice. Finally, I would like to thank the ETHEL board as well as peer reviewers for their tireless efforts in order to 
help me to put forward the best possible version of my paper.

Abstract: A concerning phenomenon in the field of psychiatry has developed within the last 20 years: gender bias in 
diagnosis and treatment of neurodevelopmental disorders. Particularly, this trend can be seen in the diagnosis and treatment 
of attention deficit hyperactivity disorder—more commonly known as ADHD. Female patients are less likely to receive 
accurate and timely diagnosis and treatment of ADHD, which can present many obstacles and diminish quality of life. This 
paper examines the history of gender bias as it pertains to ADHD in the global West, how symptomology and presentation 
differ in male and female patients, and what the effects of delayed or inaccurate diagnoses can look like. This research also 
explores a solution as to how progress can be made to reduce gender bias and ensure that more female patients receive the 
diagnoses and treatments they need, while also looking into the challenges associated with implementing that solution.

Research Advisor: Dr. Rajwan Alshareefy,  College of Humanities & Earth and Social Sciences

Keywords: Gender Bias, ADHD in Females, Gender Differences, ADHD Symptoms,  Global West

Introduction
The global West1 has seen an alarming trend in 

the last two decades: female psychiatric patients are less 
likely to receive accurate and timely diagnoses of neuro-
developmental disorders than their male counterparts. 
There are several factors leading to this phenomenon, 
but gender biases are particularly prevalent. For instance, 
attention deficit hyperactivity disorder (ADHD) is one 
such condition whose rates of diagnosis are seeing signif-
icant effects due to these gender biases.

element of this research is the discussion of possible 
solutions while also acknowledging the obstacles and 
limitations associated with the implementation of those 
solutions. This review asks: (1) How does gender bias 
disproportionately impact female patients’ access to ac-
curate, timely, and effective ADHD diagnosis and treat-
ment as opposed to male patients? (2) How does ADHD 
present differently in female and male patients? (3) What 
can be done to fix this issue?
	 This review utilized international studies based 
primarily in the global West from the last ten to fifteen 
years, guided by key words and phrases like “gender bias,” 
“ADHD in females,” “gender differences,” “ADHD symp-
toms,” and more. Databases used include (but were not 
limited to) PubMed and the National Library of Medi-
cine.

This paper intends to explore differences in 
gender as they pertain to ADHD diagnosis and treatment, 
with the results of this literature review identifying gen-
der bias as a core factor for those disparities. Another key

Guiding Questions and Methodology
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	 What is gender bias? Gender bias can be defined 
as “favoritism toward one gender over another based on 
stereotyped beliefs about health, behavior, experiences, 
needs, and desires of men and women” (Bargeri et al., 
2025). Gender bias in psychiatric diagnosis occurs when 
the gender of an individual skews their likelihood of 
receiving a particular diagnosis or the time at which they 
receive it. According to one study conducted in Wales, 
the ratio of male to female patients diagnosed with 
ADHD is 3.9 to 1 in clinical settings (Martin et al., 2024).  
In community or population-based samples, the ratio 
of males to females with ADHD is almost 2:1 (Martin, 
2024). This indicates discrepancies between the clinical 
diagnosis rate and general likelihood of ADHD in men 
and women in everyday settings. Male patients have a 
higher likelihood of being diagnosed with ADHD in a 
clinical setting, so their presentation of symptoms and 
behavior is considered prototypical (the standard) for 
what the disorder looks like. “[B]oys are more likely to 
be referred, diagnosed, and treated for ADHD symptoms 
than girls” (Slobodin & Davidovitch, 2019). 
	 The common misconception that ADHD is a 
“male” disorder often leads to less women and girls being 
diagnosed and treated. Findings by Platania et al. (2025) 
highlight that less than one-fourth of participants in the 
research that helped to define ADHD in the DSM-5 and 
ICD-11 were female. This lack of a diverse research sam-
ple reaffirms the damaging stereotype that ADHD does 
not affect females or affects them less. Furthermore, it 
reduces the body of research available to discern differ-
ences in presentation, which is imperative to accurately 
diagnose a disorder like ADHD. A 2013 study by Skogli 
et al. (2013) reveals that women and girls are also less 
likely to receive treatment for ADHD in comparison to 
men and boys with the same level of dysfunction. This 
creates a self-perpetuating cycle where ADHD is believed 
to impact the male demographic more, resulting in more 
diagnoses for men and boys. Female patients are diag-
nosed less, supporting the notion that ADHD more so 
affects male patients, causing the cycle to continue.
	  Gender bias in the field of psychiatry has caused 
many problems in a number of patients’ lives. Men and 
women have different symptoms of ADHD, including 
externalizing or internalizing behaviors and hyperactiv-
ity or inattention. Externalizing behaviors and hyper-
activity tend to be more common in boys, while inter-
nalizing behaviors and inattention are more common 
in girls. As such, presentations of symptoms for ADHD 
and other neurodevelopmental disorders vary by gender 
among other factors. It is problematic to infer that the 
criteria for diagnosing one demographic of patients will 
yield accurate results for all patients. Furthermore, such 
biased practices can cause professionals to place more 

weight on easily identifiable symptoms of ADHD in male 
patients and overlook important exclusionary factors 
that can prevent an unneeded diagnosis (Bruchmüller et 
al., 2012). They can also cause professionals to disregard 
symptoms that would encourage a specific ADHD diag-
nosis for female patients, rather than another disorder 
that may share some similar effects. 
	 Gender bias might affect girls the most, but it can 
also affect boys seeking psychiatric help. A misdiagnosis 
or unnecessary diagnosis for disorders such as these can 
lead to a patient being prescribed medication they do not 
need, which may result in adverse effects on the individ-
ual’s behavior and experiences.  On the other hand, not 
receiving a diagnosis for ADHD when one is needed can 
worsen a patient’s quality of life. Undiagnosed ADHD 
has been linked to higher rates of substance abuse, vehic-
ular accidents, suicidal ideation, occupational struggles, 
unemployment, and divorce (French et al., 2023). More 
specifically, women whose ADHD goes untreated face 
higher risk of developing sleeping disorders and cardio-
vascular health issues, experiencing violence from an inti-
mate partner, bullying, and are twice as likely to engage in 
self-harm (Murfit, 2025; Wilson, 2026). Almost 8 million 
people in the United States alone have ADHD, but only 
around 20 percent actually receive the care they need (No-
bel, 2023). The remaining 80 percent are forced to reckon 
with the untreated effects of this condition, a struggle that 
is only further heightened in female patients. As such, it is 
necessary that gender biases are addressed and eliminated 
in the field of psychiatry.

	 To improve the accuracy of diagnoses, reviewing 
the methodology by which they are assessed will be cru-
cial. “Understanding the role of gender in ADHD care has 
been historically hindered by  methodological issues, such 
as involving relatively low numbers of girls in research 
samples, failing to control for possible gender effects, and 
relying solely on subjective scales which are often subject-
ed to reporter’s bias” (Slobodin & Davidovitch, 2019).
	 A major factor in the issue of gender bias in 
ADHD diagnosis is the lack of female representation in 
research on neurodevelopmental disorders.

Gender Bias and Its Consequences 

Background

Underrepresentation of Females in 
ADHD Research
	 A lack of representation and participation by 
female patients in research is one of the main factors 
that perpetuates misdiagnosis or lack of a diagnosis. As 
established earlier, male-centric criteria used to diagnose 
ADHD emerged due to a lack of female representation 
and the misguided assumption that male presentations of 
ADHD are “one-size fits all”. Misinformation or a lack of
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 information about female presentation of symptoms 
furthers the likelihood that professionals will rely on 
male centered research for diagnosis of the general 
population.

Gendered Symptom Presentation
Within the disparities of symptom presenta-

tion, much can be said about the specific differences 
that continue to feed into a lack of diagnosis for many 
female patients. For one, male and female patients 
have different phenotypes for behavior. “In children 
diagnosed with ADHD, males are more likely to 
express hyperactivity than females, and females are 
more likely to show inattention as the predominant 
presentation; similar patterns have also been observed 
in adults” (Bölte et al., 2023). Thus, it can be attribut-
ed to this fact that female patients are commonly 
underdiagnosed or misdiagnosed, since they do not 
fit the prototypical presentation of ADHD symptoms 
associated with male patients (Barclay, et al., 2024). 

Internalizing behaviors, such as being inat-
tentive, forgetful, disorganized, or anxious, all disrupt 
an individual’s ability to focus. In contrast, exter-
nalizing behaviors like hyperactivity, impulsivity, or 
aggression cause outward disruption to the environ-
ment around an individual. Internalizing behaviors 
are more common in girls and are not as likely to 
cause problems in a school setting (Attoe and Climie, 
2023). Less outward disruption means that less atten-
tion will be given to symptoms even though they may 
still cause dysfunction. For example, being inattentive 
will still result in the individual with ADHD having 
trouble focusing or absorbing information, but it does 
not interrupt classroom function nearly as much. This 
leads to less concern being raised, meaning less girls 
get referrals, diagnoses, or treatment (Slobodin & 
Davidovitch, 2019). 

A 2023 literature review by Attoe and Climie 
highlights that women and girls face higher risk of 
social judgement and repercussions when they exhibit 
symptoms consistent with ADHD. Perhaps because 
of this, female patients have an increased likelihood of 
cultivating better ways to cover up their ADHD than 
their male counterparts. This results in more female 
patients avoiding or hiding the struggles associated 
with ADHD (Slobodin & Davidovitch, 2019). Women 
are also more likely to experience ADHD and a con-
dition with overlapping symptoms such as depres-
sion, anxiety, or an eating disorder simultaneously, 

making the root cause of symptoms harder to identify 
(Attoe & Climie, 2023; Quinn & Madhoo, 2014).

Another factor is how much research is being 
done on the variety of neurodevelopmental disorders. As 
found in a systematic literature review conducted in the 
United Kingdom, “most research focuses on autism, and 
to a lesser extent on ADHD and tic disorders, whereas 
research for other diagnoses is selective or absent” (Bölte 
et al., 2023). Not all neurodevelopmental disorders 
are examined with the same research backing. Though 
ADHD is researched more than some other conditions, 
it still does not have a lengthy body of research behind 
it. That lack of information can further the difficulty in 
diagnosing male and female patients alike as promptly as 
possible. Furthermore, female patients being diagnosed 
with the criteria developed from the currently available 
ADHD research can cause many issues. This is due to the 
ADHD research being almost exclusively done on male 
patients, despite it being known that women and men 
can (and usually do) experience ADHD differently.  

	 The solution to this ever-growing issue has two 
main aspects: raising awareness of differences in symp-
toms for male and female patients, and inclusion of 
female patients in research. These two steps will make a 
significant impact on the lives of patients with neurode-
velopmental conditions. To aid in ensuring the timely 
and accurate diagnoses of individuals with neurodevel-
opmental disorders, especially ADHD, it is important to 
implement education efforts geared towards psychiatric 
professionals and prospective patients. To obtain the 
information needed to curb gender biases in the psychiat-
ric field, more diverse demographics must be included in 
future research. Diverse research samples provide more 
data on how different demographics are impacted. If 
there are more samples of female participants, it becomes 
easier to understand how these biases impact their diag-
noses, what their symptoms look like, and how they differ 
from male presentation. “Only by studying both males 
and females in both human studies as well as animal 
models and considering how sex interacts with gender 
norms and societal expectations to lead to diagnostic 
biases will we gain a complete picture of how neurodevel-
opmental disorders arise and grasp the full complexity of 
the etiology, symptomology and treatment strategies for 
these complex conditions” (Breach and Lenz, 2023).

This solution, while uncomplicated in concept, 
may be complicated to implement. As established by 
D’Mello et al. and Bolte at al. (2023), pleas made to inte-
grate female subjects into neurodevelopmental research

Conclusion
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have seldom been heard. The lack of inclusion 
stems from the historical myth that ADHD impacts men 
and boys much more than women and girls. Thus, it is 
imperative to first spread increased awareness on the is-
sue. It is also imperative to display how impactful ADHD 
is on the greater population of not only neurodevelop-
mental patients, but also their families and the scientific 
community as a whole. In a 2023 US study, more than 
15 percent of children and adolescents were found to 
have some form of a neurodevelopmental condition or 
developmental disability (Li et al., 2023). Furthering this 
assertion, according to the CDC, around 1in 6 US chil-
dren have a developmental disability (CDC, 2024). With 
this in mind, one can imagine the population of female 
patients in this group would be quite large. The likelihood 
of an adolescent having ADHD or a similar condition is 
fairly common, so it stands to reason that there are many 
prospective female patients who have not yet been able 
to obtain a diagnosis. Therefore, it is a disservice to the 
female youth population of not just the United States, 
but, as posited earlier, of the global West as a whole, to 
not take action on this issue. 

Raising Awareness & Reducing Stigma

 One step that can be taken to spread aware-
ness is to publicize and make information more readily 
available to the public. Through engaging in discourse 
in public and clinical settings about the discrepancies 
in research and diagnosis, the field of psychiatry can 
begin to dismantle the inaccuracies and biases that have 
plagued and continue to plague it. Engaging in discourse 
can look like discussions in academic circles about how 
to improve the research and diagnostic process. Dis-
course can also include speaking freely and openly about 
the subject in non-academic spaces, including social 
media or everyday conversation. Conversations around 
the topic in very public, easily accessible settings can 
help spread awareness on the issue as well as bring the 
conversation closer to home for women and girls. This 
will help female youth identify symptoms within them-
selves, leading to their pursuit of a diagnosis. More than 
95 percent of young people cite limited knowledge of 
mental health conditions as a key factor in the avoidance 
of seeking treatment, according to a systemic review 
done on more than 50 studies by the journal for Europe-
an Child and Adolescent Psychiatry (Radez et al., 2020).

Not only this, but dissolving stigma around 
mental health and research on it can create a more 
encouraging and inviting environment for researchers 
and subjects to work together and further study this 

topic. This will ultimately contribute greatly to the body 
of knowledge surrounding the issue and eliminate stig-
ma or discomfort surrounding the discussion of mental 
health diagnosis/ treatment. In fact, 92 percent of children 
and adolescents cite this negative stigma as a reason they 
avoid seeking treatment (Radez et al., 2020). If female 
patients can feel more secure in their understanding of 
symptoms and more comfortable seeking treatment, then 
they can begin the process of receiving the help they need. 
Additionally, when more female patients seek treatment, 
professionals will have a larger set of data to better under-
stand how these conditions develop in female patients and 
what treatments are most compatible with them.

With awareness being spread, the focus shifts to 
how female patients can be integrated into more research. 
Methods like publicization of findings and knowledge 
on the issue can promote other studies, as well as inspire 
people to participate and engage in them. This publiciza-
tion can be brought about in a number of ways, such as 
publishing findings in more general venues, such as news 
outlets or journalism articles. They can also be distribut-
ed in pamphlets in doctors’ offices to encourage patient 
interaction with the information. This way, the research 
can be readily available to the general public, and anyone 
can spread awareness to female adolescents. The patients 
themselves will also be able to access the information 
independently. When academics and the general pub-
lic engage in a mutual exchange of information, gaps in 
the collective understanding of the topic can begin to be 
filled. 

While expanding the conversation is beneficial, 
it is not sufficient alone. There have been attempts made 
by female patients and their families to advocate for a 
better understanding of and more research on gender as it 
relates not only to ADHD diagnosis, but its treatment as 
well. However, not many studies have explored differences 
in access to and impact of intervention on women and 
men with neurodevelopmental conditions (Bölte et al., 
2023). The scientific community must be willing to seek 
out female participants and conduct research on their 
presentations of symptoms. In order for this to happen, 
it is important to continue campaigning for more female 
patients to be included in research, putting pressure on 
professionals in the field to ensure equality and equi-
ty. One case of a successful campaign for the inclusion 
of female patients in ADHD research can be found in 

Increasing Female Paritcipation in Re-
search
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the United States through the Duke Center for Girls 
& Women with ADHD. The initiative was founded in 
2021 and remains one of the only specialized programs 
dedicated to furthering understanding of female ADHD 
manifestations. The center was established following a 
donation from an anonymous donor family. The project 
functions as a dedicated sector of Duke’s ADHD pro-
gram, with 30 years of research on the disorder (Hart, 
2025).

The Center for ADHD in Girls &Women with 
ADHD is focused on putting women and girls at the 
forefront of ADHD research as well as providing educa-
tional resources and community for professionals and 
the public alike about ADHD in females. It also places an 
emphasis on supporting and uplifting current or pro-
spective female patients with ADHD, including curating 
materials dedicated to navigating pregnancy with ADHD 
or information on how to initiate conversations with 
primary care providers about ADHD (Duke Center for 
Girls & Women with ADHD, 2024).

Efforts like this are vital and should be repli-
cated. Furthermore, psychiatric professionals must be 
prepared to face biases and misinformation in the field 
head-on and make an active effort to amend them. Pro-
fessionals can also be incentivized to partake in this re-
search through the means of grants from large organiza-
tions like the NIH, WHO, and CDC. These organizations 
all emphasize the importance of research in fields that 
impact the well-being of the greater global population; a 
topic whose sentiment this issue embodies.

In a several year time frame, the goal is to have 
fully integrated female patients into research on ADHD. 
Another aim is to have significant increases in studies 
and bodies of work published on their presentations of 
symptoms and the methods of intervention most com-
patible with the female manifestation. Mental health 
impacts everyone, and all people should be entitled to 
timely and accurate aid and support. Furthermore, when 
more is known about female presentations of mental 
health symptoms (what they are and what they are not), 
the collective understanding of male mental health is 
deepened as well. It makes the similarities and differenc-
es between male and female patients clearer, along with 
what methods of treatment help which demographic.

and readily available, it may not be accessible to certain 
demographics, such as those living in more rural areas. 
Moreover, it is not just the information that may present 
accessibility issues. The ability to participate in research 
may also be limited by distrust in the research setting and 
lack of time (Bixo et al., 2019).
	 Additionally, access to mental health intervention 
services may be restricted by these factors as well. Lower 
socio-economic status can also be tied to less insurance 
coverage as well as less quality in care and intervention 
(Gornik and Salgado, 2022). According to the Access 
Psychology Foundation, the high cost of treatment and 
limited options can impact the likelihood of seeking help. 
Moreover, “[o]verly narrow provider networks and high 
out-of-pocket costs are substantial barriers to individuals 
accessing mental health treatment” (National Alliance of 
Mental Illness, 2025). One barrier that must be broken 
to make mental health care accessible is making it more 
affordable. Providing prospective patients with services 
that are accessible, more varied to suit individual needs, 
and inexpensive is imperative to helping get more female 
patients involved and treated effectively.
	 In conclusion, while underrepresentation and 
bias play significant roles in diminished rates of diagnosis 
and treatment, a solution is possible. Despite barriers that 
may obstruct the implementation of solutions, it is not 
only possible to overcome them, but is also imperative. 
In short, solving the issue of gaps in ADHD research is 
beneficial not just to the underrepresented group, but 
to all parties involved. Neurodevelopmental conditions, 
including ADHD, are neither male nor female issues; they 
are human issues.

Limitations

1The global West can be defined as the United States, Canada, the 
United Kingdom, and other regions of North America and Western 
Europe.

A solution to this issue cannot be discussed without also 
considering the limitations that may arise. For one, acces-
sibility to information on this issue can pose difficulties in 
the pursuit of a remedy. Even if information is publicized
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Introduction

Parameters that Define Resolution in 
Microscopy
Ridthi Patel

microscope correctly, it is essential for the user to un-
derstand its inner workings, especially for quantitative 
analysis. For the best possible images, Two important 
factors affecting resolution are the pinhole size and emis-
sion wavelength [1]. Here we are studying how changing 
the pinhole size and emission wavelength affect image 
qualities.
	 To understand how to attain the best results 
when imaging, it is crucial to understand the physics 
behind the working confocal microscope and how 
an image is produced through its mechanics. We imaged 
with a microscope that had two laser options. There is a 
white light laser with up to five visible line lasers ranging 
from 485 nm to 685 nm and an ultraviolet laser with a 
wavelength of 405 nm [6]. From there, whichever laser is 
chosen is then filtered through what is known as an
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Abstract: Microscopy, especially confocal microscopy, is an extremely powerful imaging tool for visualizing subcellular 
structure, but quantitative measurements in confocal images are prone to distortion depending on how the instrument 
is configured. This study investigates how two key acquisition parameters, the confocal pinhole size and the fluorophore 
emission wavelength, can affect the apparent feature diameter and, consequently, the effective resolution of images. Using 
P60 wild-type mouse brain tissue, stained for neurofilaments with SMI-31 primary antibodies, and multiple secondary 
antibodies (Alexa Fluor 488, 594, 647), as well as fluorescent beads, images were acquired on a Leica Stellaris 5 confocal 
microscope across a range of pinhole sizes and emission channels. The feature diameters were quantified from intensity 
profiles using ImageJ and summarized into graphs. Our findings aligned with the idea that as the pinhole size increased, 
the bead filament diameters also systematically increased. This is consistent with greater transmission of out-of-focus light 
and image blurring. Conversely, as the pinhole decreased, sharper but dimmer images were produced. Thus, illustrating 
the tradeoff between resolution and signal. Similarly, longer emission wavelengths were associated with larger measured 
filament diameters. Reflecting the fundamental link between wavelength and diffraction-limited resolution. Altogether, 
these findings demonstrate that both pinhole size and fluorophore wavelength significantly influence the measured structure 
size in confocal images, underscoring the need to optimize and standardize these parameters when performing quantitative 
morphometric analyses.

Research Advisor: Dr. Alain Burette, Department of Cell Biology and Physiology (UNC Chapel-Hill Neuroscience 
Center)

Key words: Resolution, Confocal Microscopy, Myelin, Pinhole Size, Frequency, Background

Microscopy is an important tool widely used 
to discover the makeup of cells and tissues. It allows 
for the visualization of minuscule biological structures, 
otherwise invisible to the naked human eye. Through 
this process, new discoveries are made by examining 
the fine details of the images leading to different thera-
pies and solutions to various disorders and conditions. 
Among all types, confocal microscopy is the workhorse 
of microscopes [1]. The main purposes of a confocal 
microscope are optical sectioning for 3D representa-
tions of imaged samples and producing a point source 
of light  and rejecting out-of-focus light, enabling 
deep tissue viewing with high resolution [5]. Confocal 
microscopy uses a pinhole to reject out-of-focus light, 
thereby sharpening the image [1]. To operate a confocal
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employed and the numerical aperture (NA) of the optical 
elements of a microscope, such as the objective lens 
[8,9,15,10]. Resolution in microscopy refers to a micro-
scope’s capacity to identify specific details in a specimen 
or sample. The smallest distance at which an observer or 
a microscope camera can still distinguish between two 
distinct points on a specimen [1,5]. In addition to the 
objective lens, in a confocal microscope, light also goes 
through a pinhole, a small hole that allows you to reject 
any out of focus light [1]. Light of a specific wavelength 
is shot through the pinhole to then illuminate the tissue 
and form a visual image that is captured by the camera 
[1,19]. Smaller slit width results in better resolution but 
lower illumination,— while large slit width results in 
better illumination but lower resolution [1,5,12]. The 
light wavelengths also play an important role. Frequency 
of light and resolution are directly correlated, with high 
frequency resulting in higher resolution and low frequen-
cy resulting in lower resolution [1,5,15]. Since frequency 
and wavelength are inversely related, this would mean 
that light with a larger wavelength would have lower 
resolution and light with a smaller wavelength would 
have higher resolution [1,5,15]. And lastly, the diameter 
of structures viewed would be inversely proportional to 
the resolution and amount of light gathered [1,5,13]. The 
practical implication is that when one is looking at very 
fine structures, such as neurofilaments, one needs to be 
careful with quantitative measurements, as the apparent 
object sizes will change with microscope parameters. 
Here we investigate how the size of the pinhole and the 
choice of fluorophores influence microscope quantifica-
tion.

Animal Tissue Preparation
	 We used an adult P60 wild type mouse. We 
deeply anesthetized P60 mice with sodium pentobarbi-
tal (60mg/kg, i.p.) before transcardially perfusing them 
with heparinized saline (0.9% NaCl, 10 IU heparin/ml), 
immediately followed by phosphate-buffered 4% parafor-
maldehyde, pH 7.3, at a rate of 9ml/min. After delivering 
50 ml of fixative, we decapitated mice, postfixed their 
heads overnight at 4°C, and rinsed and stored them in 
PBS at 4°C until ready to be used [10]. 

Immunohistochemistry 
	 We rinsed sections several times in phosphate 
buffered saline (PBS), then 50% methanol and PBS, and 
finally PBS for 1 hour at room temperature. Sections were 
incubated at 37°C for 2hrs in permeabilization solution

Materials and Methods

acousto-optical tunable filter (AOTF) [6]. The white 
light laser is split into two beams going in opposite 
directions, and the UV laser beam only goes in one [6]. 
Then, if the white light laser is chosen, the beam path 
that goes in the same direction as the UV laser then 
goes through the acousto- optical beam splitter [6]. The 
purpose of the beam splitter is to separate the path of 
light that is being omitted from the white light laser and 
connect it to a visual medium such as a camera that is 
attached to the microscope [1,5,6]. Similarly, if the UV 
laser is selected, it has to pass through the UV laser 
incoupling, which also allows for the transfer of this 
beam of light into an electronic viewing camera device 
[1,6,9]. After that, the paths followed by the UV and 
white light lasers follow the same path. Next, they go 
through a tandem scanner. This consists of a three-mir-
ror scanning base with an interchangeable motorized 
mechanism for the x-scanner [6]. With this setup, it is 
possible to use a FOV scanner to scan huge regions with 
a high scan resolution and a resonant scanner to scan 
very quickly, both within the same instrument [1,6,9]. 
Next, the beam passes through an HIVISR optics lens 
and into the scan field rotation system. It allows you 
to virtually rotate the field of view [1,6,9]. Next, it goes 
through the selected objective lens. Normally, these 
range from 4x, 10x, 40x, and 63x and 100x oil immer-
sion lenses [6,8]. Due to the light being diffracted multi-
ple times when using the high-magnification objective 
lenses, the oil is used due to its refractive index, which 
permits the objective to gather more light to create an 
image and prevent any air gaps and refraction-related 
light loss [8,18]. Lastly, this end of the beam reaches the 
eyepiece, where the tissue can be seen with the naked 
eye [6]. This is only possible, though, because of the 
way the other beam of the split white light laser goes. As 
previously mentioned, the white light laser is split into 
two and the other beam goes in the opposite direction. 
First, it goes through the square confocal pinhole and 
then the fluorophore disc [6]. After that, color is detect-
ed from the secondary antibodies in the tissue by the 
SP detection system after the beam passes through the 
prism-based dispersion reflector [1,6,9,16]. 
Confocal microscopes, like all microscopes, are subject 
to the limitations imposed by light diffraction. This 
can be seen through a value known as the numerical 
aperture [10,17]. The numerical aperture of a micro-
scope objective is an indicator of how well it can collect 
light and distinguish minuet details in a specimen when 
operating at a set distance [10,15,17]. ]. Resolution is 
inextricably tied to both the wavelength of light 
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	 The present study found that increasing pinhole 
size results in an increase in diameter. A smaller pinhole 
allows sharper imaging with more defined structures 
(Figure 1). A larger pinhole allows more light to pass 
through, resulting in greater illumination and elongation 
of structures (Figure 2).

Results

Figure 1 - Laser light of the highest frequency (red) and lowest frequency (violet) is shot through the smallest pinhole 
size.(Figure created with Phet Interactive Stimulations software.) 
Figure 2 - Laser light of the highest frequency (red) and lowest frequency (violet) is shot through the largest pinhole size. 
(Figure created with Phet Interactive Stimulations software.) 

(0.2% TritonX-100, 2% glycine, 20% dimethylsulfox-
ide in PBS) followed by 1h in blocking solution (0.2% 
TritonX-100, 1% fetal bovine serum). Sections were 
then incubated overnight with IgG mouse anti-SMI-31 
antibody (1:500) in antibody solution (0.2% Tween-20, 
40mg/l heparin, 11% bovine serum albumin, 5% 
dimethylsulfoxide in PBS ). Next, the sections were 
washed in Tween X-100 (PBS-T) 3 times for 5 mins at 
room temperature and incubated in a mixture of Alexa 
Fluor Donkey Anti mouse (Alexa Fluor 488, 594 and 
647 at 1:400;) in antibody solution overnight. Finally, 
we rinsed sections several times in PBS-T and then PBS 
before mounting the sections on gelatin covered slides 
and coverslipping with vectashield. The prepared slides 
were then stored at 4° C [10].  

Image Acquisition and Processing 
Slides were imaged on the Leica Stellaris 5 Confocal 
Microscope. 
Tissue 
The tissue was imaged on xyz scan mode, at 400 Hz 
scan speed, HC PL APO CS2 100x/1.40 OIL objective 
with 1.518 refraction index, and channel detectors 
SiPM (432nm-476nm), HyD (504nm-583nm), and 
SiPM (663nm-750nm).

Beads 
The beads were imaged in xyz scan mode at 400 Hz
scan speed with an HC-PL APO CS2 100x/1.40 OIL ob-
jective and channel detector SiPM (496nm 739nm).
Data Processing 
The data for graphs of diameter measured compared to 
wavelength and pinhole size was collected through the 
histogram feature of ImageJ software. Graphs were made 
in Microsoft Excel. 
Figure Production 
We adjusted the pseudocolor images using a “fire” lookup 
table and measured the diameters of structures represent-
ed in images in microns. We also measured and recorded 
the diameters of microfilament structures multiple times 
for each image to view the average overall change. All im-
ages meant for direct comparison within figures under-
went identical manipulations. All image editing was done 
with ImageJ software, and all figures were prepared using 
Corel Draw software. 
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The purpose of the pinhole is to eliminate any out-of-
focus light. Imaging with a large pinhole would provide 
better light gathering of the section but would result 
in a loss of resolution due to unnecessary light passing 
through, suggesting a blurred image with an increase in 
diameter will be observed. To determine whether pin-
hole size and small feature diameter are directly related, 
we recorded diameter length across images collected of 
the same bead with ten different pinhole sizes (0.3, 0.6, 
0.9, 1.2, 1.5, 1.8, 2.2, 2.6, 2.9, and 3.3 airy units [AU] ). 
We measured the diameter from one asymptotic tail to 
the other on the histogram. We subsequently verified 

 that as pinhole size increased, the diameter of the bead 
also increased, via blurring of the image from excess 
light (Figure 3). We imaged P60 WT mouse stained 
for IgG mouse anti-SMI-31 (neurofilament detector) 
and then imaged sections at five different pinhole sizes 
(0.63, 1, 1.6, 2.6, and 4). The graph shows an increasing 
trend between pinhole size and filament diameter (Fig-
ure 4). Increasing wavelength results in an increase in 
diameter. The findings show that when different light 
wavelengths are fired through a slit of the same width, 
structure diameters and wavelengths increase in a di-
rectly proportional manner (Figure 5). 

Figure 3 - A594 stained bead images and histograms of diameter at largest Z-stack slice. The top measurement values 
indicate the pinhole size and the horizontal displacement under histogram curve indicates the diameter. 

Figure 4 - A graph of pinhole size and normalized filament diameter analysis. 
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	 Results confirm that greater wave-
length and pinhole decrease resolution and 
increase the diameters of filaments in images. 
It can also be seen that access light from a 
large pinhole creates excessive background 
noise on images making differentiation 
between filaments difficult. While a smaller 
pinhole provides better resolution, a lack of 
illumination causes images to appear dull and 
hard to view (Figure 6). We imaged P60 WT 
mice stained for IgG mouse anti-SMI-31 and 
secondary antibodies of DK IgG anti-mouse 
with Alexa Fluor 488, Alexa Fluor 594, and 
Alexa Fluor 647, and then imaged sections at 
pinhole sizes of 0.63 and 1.9, and discovered 
that as pinhole and wavelength increased, so 
did diameter (Figure 7).

Figure 5 - Top: Wwavelength spectra of A488, A594, and A647 staining are shown, representing the wavelength at which 
light is shot (dotted peaks) and the wavelength at which it fluoresces (solid peaks). Bottom: Laser light of wavelengths 
A488, A594, and A647 is shot through a slit of the same width. (Figure created with Thermofisher Fluorescence Spectra 
Viewer software and Phet Interactive Stimulations software.)

Figure 6 - We imaged P60 WT mouse stained for IgG mouse anti-
SMI-31 and secondary antibodies of DK IgG anti-mouse with Alexa 
Fluor 488, Alexa Fluor 594, Alexa Fluor 647 and then imaged sections at 
pinhole sizes of 0.63 and 3.69. 
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Figure 7 - A bar graph with standard error lines of pinhole size and normalized filament diameter of three different 
wavelengths (A488, A594, and A647). 

Discussion

Pinhole and Diameter Relation 
	 The present findings show a correlation between 
pinhole size and object diameter. My observations of 
increased diameter resulting from an enlarged pinhole 
are substantiated by figures 1, 2, 3, 4, 6, and 7. Since the 
pinhole’s purpose is to block out-of-focus light, when it is 
larger, the extraneous light isn’t being blocked as effec-
tively, making the minuscule fine details of specimen 
tissue appear larger and out of focus [1,11]. Conversely, a 
pinhole that is very small will make filaments defined but 
lack of illumination of tissue provides for an image that 
is dark and lacks brightness [1,11]. It is important to note 
that there are downsides to having a pinhole that is either 
too large or too small. When imaging it is important to 
remember that although the pinhole is a unique feature 
that can assist in creating crisp images with defined details 
at a high resolution, overusing it can lead you to get the 
opposite result [12,13]. To achieve the best results, the size 
of the pinhole should be balanced so that there is enough 
illumination to clearly see the specimen but not so much 
that minuscule fine details are indistinguishable [12,13]. 
Wavelength and Diameter Relation 
	 Our results also show a correlation between wave-
length and object diameter. Our observations of increased 
diameter due to a larger wavelength are supported by 
figures 1, 2, 5, 6, and 7. High frequency would cause the 
wave to oscillate faster, hitting and reflectingfrom small 
objects and the fine details of large objects more frequent-
ly [1,14]. The lateral resolution of the microscope is lim-
ited by diffraction and is commonly approximated by the 
Abbe/Rayleigh relation d=λ/(2NA) [20]. This convention 
outlines that the smallest resolvable distance between two

points gets smaller when the wavelength decreases or the 
numerical aperture increases [20]. In the practical appli-
cations that this paper aims to provide, this tells you that 
higher NA-optics and shorter wavelengths improve lateral 
resolution, but they cannot eliminate the fundamental 
blur that is caused by diffraction [20]. Thus, resolution 
is improved with shorter illumination wavelengths and 
larger numerical aperture, but features separated by less 
than this limit are unlikely to be distinguished as separate 
objects under conventional imaging conditions [20]. Since 
frequency and wavelength are inversely related, light ofa 
higher wavelength would be longer and scatter more when 
it hits an object [1,14]. Like a large pinhole, this would 
also cause filament details to become undefined and 
appear blurry and larger [14]. To combat this issue and 
achieve optimal imaging results, the parameters derived 
from pinhole size must be applied [13,14]. The viewing 
wavelength cannot be easily changed because staining sec-
tions is time-consuming. Limiting yourself to a range of 
low-wavelength secondary antibodies is also impractical 
when multiple staining immunofluorescence is required 
[16]. In this situation, a slightly smaller pinhole with a 
larger wavelength is preferable to maximize the cancella-
tion of resolution lost to blurring [1,15]. 
	 Knowledge of correct microscopy techniques 
is essential for ideal imaging results and that starts with 
understanding the fundamental systems of the instru-
ment. With better grasp of how the main components of 
the confocal microscope work, users can achieve optimal 
results to aid in research. The quality of life for those af-
fected is significantly improved by analyzing and quantify-
ing data obtained from high-quality microscopy, which is 
then used to develop therapies and treatments for diseas-
es. 
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Introduction
Alcohol is one of the most commonly utilized 

substances within the United States, with over 75 per-
cent of individuals over the age of 12 reporting lifetime 
consumption (National Institute on Alcohol Abuse and 
Alcoholism, 2024). Those who report lifetime consump-
tion struggle with Alcohol Use Disorder (AUD), often 
characterised by the problematic use of alcohol marked 
by physiological dependence, hazardous use, and failure 
to fulfil obligations (American Psychiatric Association, 
2013). Those who experience negative effects of AUD 
seek remission through halting alcohol consumption to 
improve their quality of life (Cooper & Vernon, 2012).

To What Extent can Herbal Interventions 
Reduce Benzodiazepine Reliance and 
Overmedication in Alcohol Withdrawal 
Syndrome (AWS)?
Sydney McCoy

Ackowledgements: I would like to thank my disciplinary honors mentor, Erika Montanaro, for her support 
throughout the development of this project. She not only guided me through the research and writing process but also 
encouraged me to submit this work despite my own initial self-doubt. I am especially grateful for her belief in my abili-
ties and for inspiring me to take greater academic and professional risks moving forward.

Abstract: Alcohol use disorder is a common condition that afflicts large populations within the United States. A subset 
of individuals who report alcohol use disorder develop alcohol withdrawal syndrome after abrupt cessation from alcohol, 
resulting in severe physiological consequences. Benzodiazepines are first-line treatments for instances of withdrawal; despite 
general efficacy, benzodiazepines pose large-scale concerns of dependency. The risks of benzodiazepine treatment present 
a need for an integrative treatment methodology. This literature review attempts to investigate solutions to benzodiazepine 
reliance, utilizing herbal interventions through neuropsychological and clinical psychology perspectives. Neuropsychology 
identifies withdrawal mechanisms, whilst clinical psychology addresses behavioral antecedents that vary in treatment. 
Integrative approaches aid in the evaluation of alternative treatments like Ashwagandha and Purple Passion Flower, revealing 
the adjunctive role of herbal interventions in clinical settings. Significant gaps within the literature give way to larger issues 
regarding benzodiazepine administration guidelines and the lack of integrative herbal interventions. The medical system’s 
reliance on benzodiazepines may contribute to an increased risk of reliance among patients with alcohol withdrawal 
syndrome, and without reformation, this issue will persist.
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Although abrupt discontinuation is associated with 
certain health benefits, complete cessation can lead to 
a subsequent condition known as Alcohol Withdrawal 
Syndrome (AWS). Shortly after the onset of AWS, mild 
to moderate symptoms like anxiety, tachycardia, and 
headache arise, with critical symptoms emerging 48 hours 
after the onset of alcohol cessation (Martin et al., 2018). 
Severe symptoms of AWS include alcohol hallucinations 
(visual and auditory) and seizures that require hospital-
ization for intensive care and supervision. These critical 
conditions affect large populations, as 50% of individuals 
with AUD experience AWS (Celik et al., 2024), with an
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increasing number of hospitalizations emerging per year.
Given the widespread impact of AWS among 

those diagnosed with AUD, standards of care surround-
ing alcohol withdrawal follow strict guidelines. Treatment 
protocols encompass preliminary objectives to ensure 
individuals suffering from withdrawal have a safe, hu-
mane, and recovery-oriented detox. The first step to AWS 
treatment is identification and severity assessment of 
the Clinical Institute Withdrawal Assessment of Alco-
hol Scale Revised (CIWA-Ar) (Sullivan et al., 1989; see 
Appendix A). This scale provides a reliable way to assess 
the severity of alcohol withdrawal in patients through the 
examination of critical patient history, including previous 
history of severe withdrawal, hospitalizations for alco-
hol withdrawal, and duration of abstinence (Alvanzo et 
al., 2020). In this stage, individuals are ranked on a scale 
from mild to severe/complicated alcohol withdrawal se-
verity. Individuals with varying levels of severity are then 
provided with corresponding levels of care.

Benzodiazepines are first-line treatments for AWS 
as they are positive allosteric modulators that enhance a 
given receptor’s effects via binding to an alternate site on 
the receptor, distinct from the main agonist site (Hackos 
& Hanson, 2017). Benzodiazepines bind to the GABAA 
receptor in the brain to counteract severe symptoms of 
withdrawal by enhancing the inhibitory nature of the re-
ceptor. As a result, symptoms such as seizures and deliri-
um (Martin et al., 2018) are minimized during AWS treat-
ment. The depressive nature of benzodiazepines results in 
anxiolytic, hypnotic, anticonvulsant, and muscle-relaxing 
effects (Votaw et al., 2019), optimal for neutralizing severe 
withdrawal symptoms. Despite the effectiveness of benzo-
diazepines, concerns still arise with their use, as the psy-
choactive drug can create an issue of dependence in those 
who receive them as a crucial form of treatment. Notably, 
30 percent of individuals with AUD report benzodiaze-
pine misuse (McHugh et al., 2020).  This cycle of adopt-
ing differing instances of dependence is often known as 
cross-addiction or sequential dependence, where one 
recovers from an addiction to develop a dependence on a 
secondary substance after initial treatment (Dowd et al., 
2022). Thus, these findings have prompted the evaluation 
of benzodiazepine safety within clinical settings. In a 
broader context, these findings reflect patterns of West-
ern or conventional medicinal approaches that prioritize 
pharmaceutical and procedural interventions (Yoshinaga 
et al., 2020). Although these approaches have been proven 
to be effective with substantial research, some interven-
tions have been associated with risks of dependency and 
adverse physiological effects.

Instances of benzodiazepine reliance and misuse 
are not solely dependent on the patient, but rather the 
shared responsibility of regulatory healthcare guidelines 
and administration. A prime example of this interplay 
can be examined during the application of excessive 
loading procedures. Loading doses are high doses of a 
particular drug, often administered to elicit an immediate 
clinical response (Miniaci & Gupta, 2020), typically used 
in cases requiring anticonvulsant or severe pain manage-
ment. This administration technique typically occurs un-
der a front-loading regimen, entailing the administration 
of a loading dose at the beginning of treatment to com-
pensate for a medication’s long half-life, as longer half-
lives delay when therapeutic effects take place. Although 
these procedures effectively manage delirium treatments, 
convulsions, and autonomic hyperactivity, it can also lead 
to an increased risk of reliance depending on the loading 
dose procedure utilized  (Sujatha et al., 2017).

As different alternatives to benzodiazepines are 
being considered due to AWS, given their potential for 
adverse effects, the integration of herbal interventions 
may be a suitable alternative in reducing benzodiazepine 
dependence by enhancing therapeutic efficiency, hence 
reducing the amount of benzodiazepines needed during 
treatment and subsequently reducing benzodiazepine 
reliance. Herbal medications are often used adjunctively 
with other medications worldwide, although Western 
civilizations present with apprehension in adopting inte-
grative approaches (Mohammad Hadi Nematollahi et al., 
2022). Skepticism continues to follow herbal medication 
in westernized medicine; however, limited research has 
been conducted (Chen & Lader, 1990) and presented on 
the topic to justify the hesitation to use alternatives to 
benzodiazepines to treat AWS.

Perspective #1: Neouropsychology

The physiological basis of withdrawal is primarily 
due to the disruption of homeostasis in the central ner-
vous system (CNS) following subsequent detoxification. 
The CNS is the body’s processing and control system, con-
sisting of the brain and the spinal cord (Cleveland Clinic, 
2023). This system acquires sensory information from the 
nerves and responds to this input via the transmission of 
electrical signals through the spinal cord. γ-Aminobutyric 
acid (GABA) and glutamate are important neurotrans-
mitters that play opposing homeostatic roles in the CNS. 
GABA is a primary inhibitory neurotransmitter in the 
CNS that reduces neural hyperexcitability (Cleveland 
Clinic, 2022a), whilst glutamate is the most excitatory 
neurotransmitter in the brain that promotes transmission
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by increasing the likelihood of action potential initiation 
(Cleveland Clinic, 2022b). Chronic alcohol indulgence 
tends to provoke a “tipping of the scales,” as GABA 
production and potency increase, while simultaneously 
suppressing glutamate. This indulgence leads to a state of 
inhibitory dominance or disinhibition characterized by a 
reduction of cognitive control and “inability to suppress 
impulsive behaviors” (Field et al., 2010). Chronic alcohol 
cessation can shift the body’s neurochemical composition 
from disinhibition to a state of hyperexcitability. This 
phenomenon is due to the body’s homeostatic rebound 
effect, causing glutamate overproduction to take place, 
compensating for long-term suppression of excitatory 
systems (Brousse et al., 2012). Hyperecitability of the CNS 
can cause anxiety, agitation, and seizures, commonly seen 
in cases of AWS (Gilpin & Koob, 2024). 
	 In serious cases of AWS, CNS hyperexcitability 
can lead to a life-threatening condition known as delirium 
tremens. Delirium tremens is a fatal form of AWS that is 
characterized by a set of symptoms including tremors, de-
lirium, diaphoresis, seizures, hyperthermia, and tachycar-
dia (Cleveland Clinic, 2023a).  Preexisting mental health 
conditions increase the risk of delirium tremens devel-
opment by enhancing one’s CNS excitability. Enhanced 
stress responses from preexisting conditions, coupled with 
neurochemical imbalances caused by alcohol withdrawal, 
can induce harmful levels of CNS hyperactivity. This level 
of hyperexcitability can result in a higher risk of delirium 
tremens development (Bramness et al., 2022). Delirium 
tremens can contribute to several complications during 
AWS treatment, including cardiovascular system distress, 
neurological dysfunction, and seizures (Mulkey & Olson, 
2020). These complications increase mortality risks during 
AWS treatment, prompting the use of benzodiazepines to 
quickly decrease withdrawal severity and patient mortality 
rates.   
	 In cases of AWS, benzodiazepines quickly diffuse 
through the blood-brain barrier to increase GABA pro-
duction, decreasing the overexcitation of the CNS while 
maintaining a temporary balance between inhibitory and 
excitatory bodily systems. Acute use of benzodiazepines 
maintains a temporary balance between inhibitory and 
excitatory systems, although prolonged use can yield con-
siderable health issues. According to Ritvo et al. (2023) in 
their meta-analysis of long-term benzodiazepine-induced 
neurological dysfunction, individuals who employed long-
term benzodiazepine use experienced symptoms such as 
memory loss, nervousness, and anxiety even after a year-
long discontinuation from the drug. Other physiological 
and psychological impacts of prolonged benzodiazepine 

use would include Benzodiazepine-Induced Neurological 
Dysfunction (BIND), causing an increase in suicidality, 
akathisia or intense restlessness (American Association 
of Psychiatric Pharmacists, 2025), and other cognitive 
deficits similar to those seen in those with AUD. 
	 The physiological consequences of benzodiaz-
epines underscore the importance of an investigative 
search for a medication with lower risks of dependency 
with similar GABAergic effects. Herbal medications may 
be an avenue to pursue, as herbal substances have the 
potential to reduce dependence due to their synergistic 
nature (Ali et al., 2022). Being that AWS prompts GABA 
and glutamate dysregulations, herbs capable of tempo-
rarily reinstating homeostasis through manipulating the 
impacted pathways are an enticing alternative. Passiflora 
incarnata L., or “Purple Passionflower,” is a promising op-
tion, as it benefits those who need GABAergic treatments 
with no rebound, withdrawal, or dependence effects 
(Carminati et al., 2024). However, this treatment may not 
be strong enough to prevent critical neurological events 
like seizures and may limit its efficacy to instances of ta-
pering. Similarly, Ashwagandha may be another alternate 
contender for benzodiazepine replacement or adjunct. In 
the study, Ruby et al. (2012), two groups of mice undergo-
ing alcohol cessation were either given a (1 mg/kg) dose 
of diazepam (a subclass of benzodiazepine) or  (500mg/
kg) of Ashwagandha. The study found that (500mg/kg) of 
Ashwagandha demonstrates potential as a reliable alterna-
tive to benzodiazepines under conditions of withdrawal. 
Moreover, the key to finding an effective herbal alterna-
tive, adjunct, or tapering mechanism to benzodiazepines 
relies on an extract’s interaction with GABA or glutamate 
within the human brain. While many herbal medications 
have great sedative properties, they are not strong enough 
to decrease severe medical events as seen in AWS, limiting 
their efficacy to adjunctive means. Passiflora incarnata L. 
consists of GABAergic flavonoids such as chrysin, vitexin, 
and apigenin, which act as less potent positive allosteric 
modulators in comparison to benzodiazepines (Elsas et 
al., 2010). Although the herb exhibits similar inhibitory 
effects, its slower onset and lower potency may limit its 
use during severe and urgent cases of AWS. Similarly, 
Ashwagandha presents with similar barriers, as its GAB-
Aergic withanolides act as weak modulators to the GAB-
AA receptor (Haque et al., 2021). Rather than acting as a 
direct agonist through strong positive allosteric mecha-
nisms, Ashwagandha primarily acts as an adaptogen with 
mild sedative properties. The literature presented on the 
topic of benzodiazepines and herbal medicines is quite 
limited, as the broader scope of herbal medicine integra-
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-tion remains a niche topic with large deficits. Further 
research regarding herbal medicine integration as a whole 
requires further expansion, especially within the realm 
of psychology and the physiological manifestations of 
mental diseases.

	 AUD is often associated with many behavioral 
antecedents that affect AWS treatment. Specifically, the 
severity of AWS is often contingent upon concurrent 
addictive substance use, positive blood alcohol concen-
tration during withdrawal, and co-occurring psychiatric 
disorders (Alvanzo et al., 2020). Being that alcohol acts 
as a common depressant of the CNS, varying behavioral 
factors can affect the effectiveness of particular treatment 
options within clinical settings (Alvanzo et al., 2020). 
Consequently, those who present with AUD and other 
mental health concerns during alcohol cessation are likely 
to experience psychiatric complications of delirium tre-
mens (Alvanzo et al., 2020). These complications are often 
reduced by the use of benzodiazepines during severe 
withdrawal episodes, although it is important to weigh 
the positive and negative effects of benzodiazepine inter-
vention, as there is a risk of developing secondary depen-
dence. Those with complex cases of AWS require rapid 
CNS suppression, which herbal interventions may not be 
able to provide as a result of weaker GABAergic effects 
and slower medicinal onset. Although the use of herbal 
interventions may be inappropriate during acute AWS 
treatment, especially for those with complex cases, their 
use presents as being the most optimal once care shifts its 
focus to stabilization and dependence reduction (Haque 
et al., 2021). Passiflora incarnata L. and Ashwagandha 
both act as GABA modulators with anxiolytic effects. 
Utilization of these interventions during benzodiazepine 
tapering not only acts as a mild anticonvulsant but also as 
an anti-anxiety agent that cross-tolerates with alcohol to 
reduce residual CNS excitability (Wolf et al., 2020). The 
reduction of CNS excitability may also reduce psychologi-
cal symptoms that present with AWS, including agitation, 
irritability, and dysphoric mood. The use of adjunctive 
herbal interventions during the tapering process can aid 
the management of psychological symptoms, promot-
ing treatment adherence and optimal patient outcomes 
(Sarkhel et al., 2020).
	 Systematic guidelines and treatment plans for 
clinical providers are one of the primary methods to pre-
vent benzodiazepine overuse in those with AUDs (Alvan-
zo et al., 2020), and current guidelines do not comprehen-
sively address the negative consequences associated with

Perspective #2: Clinical Psychology

benzodiazepine overuse. Severe CNS depression, follow-
ing impaired cognition, hypotension, bradycardia, and 
paradoxical reactions like agitation and combativeness, 
are common symptoms of benzodiazepine overuse. These 
symptoms are often harder to treat, given that those who 
acquire secondary or “transfer addiction” are more likely 
to experience issues with treatment adherence, reduced 
quality of life, and pessimistic outcomes (Dennis & Scott, 
2007). 
	 Although benzodiazepines can be largely effec-
tive when utilized precisely, consistent monitoring and 
systematic guidelines must be followed to ensure those 
receiving treatment do not become dependent. Similarly, 
the distinction of benzodiazepine subclasses and appro-
priate dosing regimes is essential for this very reason. For 
example, long-acting benzodiazepines are often recom-
mended over those that are shorter-acting due to their 
tapering ability that slowly weans the patient off of the 
medication (Alvanzo et al., 2020). Without the distinc-
tion between the two subclasses, individuals may be pre-
scribed short-acting benzodiazepines such as lorazepam 
or oxazepam, which may wear off quickly, increasing the 
chances of subsequent addiction (Edinoff et al., 2021). 
Careful revision and application of new clinical guide-
lines can go a long way in preventing debilitating issues 
of sequential dependence in those struggling with AWS.

	 When both perspectives are examined in tandem, 
similar deficits regarding the integration of herbal medi-
cation in psychology are apparent. Holistic approaches are 
less frequently utilized and often superseded by phar-
maceutical-grade medications (e.g., benzodiazepines) as 
symptoms become severe or life-threatening (Alvanzo 
et al., 2020). Furthermore, many clinicians prefer the 
prescription of medications like benzodiazepines due to 
stronger evidence of clinical effectiveness (Carminati et al., 
2024), decreasing the chances of holistic applications and 
research.
	 Neuropsychological approaches have yet to 
discover a safe and effective integration of herbal care in 
Western medicine. Although adjunctive applications have 
been considered in cases of severe conditions, they are 
seldom employed due to a lack of research (Nematollahi 
et al., 2022). However, studies have shown that the ad-
junctive use of herbal extracts during treatment for AWS 
should be further explored, as these remedies can provide 
a less addictive alternative to benzodiazepines during AWS 
(Carminati et al., 2024). Comparatively, although clinical 

Integration
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psychology and neuropsychological approaches mildly 
advocate for the use of herbal interventions, the general 
effectiveness of pharmaceutical-grade medications is 
prioritized to avoid fatal outcomes (Mohammad Hadi 
Nematollahi et al., 2022). 
	 Shifts towards integrative medicine require 
an integrative approach with an emphasis on clinical 
administration and physiological processes. Specific 
dosage regimens and suboptimal prescription guidelines 
may be the reason for benzodiazepine reliance (Alvanzo 
et al., 2020), presenting a demand for policy reformation 
within the healthcare system. An integrative approach 
should be utilized in reconstructing new administrative 
guidelines and providing alternative care for those expe-
riencing AWS.
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Appendix A
Clinical Institute Withdrawal Assessment Of Alcohol Scale, Revised (CIWA-AR)
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Behaviors Later in Life 
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Abstract: There is a financial gender gap, specifically in investing, that can be traced back to differences in financial liter-
acy and the effects of early socialization. Early socialization refers to household and societal messages that shape children’s 
beliefs, confidence, and behavior. This literature review synthesizes evidence linking early gendered socialization to later 
financial literacy differences and investment behavior. The review examines early socialization, specifically the development 
of internalized sexism through influences such as parental roles, societal norms, linguistic structures, and exposure to benev-
olent sexism and explores gender differences in adults’ financial attitudes, literacy, and behavior. These areas are connected 
through the potential influence of internalized sexism on confidence and self-competency. The reviewed studies suggest that 
early gendered messages and unequal exposure to financial education contribute to women’s lower investment participation 
compared to men, as well as their confidence and risk tolerance in investing, reinforcing the financial gender gap observed 
in adulthood. The implications of this research are to increase awareness of how early gendered messaging shapes women’s 
financial confidence and investment participation across their lifespan, while also highlighting the importance of represen-
tation shifts and informing future financial literacy education policy and intervention efforts. 
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	 Extant research finds that early socialization may 
shape women’s financial literacy and investment behav-
iors including participation in financial markets, asset 
allocation choices, risk tolerance, and engagement with 
financial advice later in life. This review evaluates how 
the development of internalized sexism through exposure 
to gender-verbiage and expectations in society can great-
ly influence these behaviors. There is a lack of research 
on the direct connection between early socialization 
and financial behaviors later in life; however, this review 
aims to draw a connection for further research. Sexism is 
defined as behaviors, beliefs, or attitudes that support the 
unequal status of women and men ( Swim & Campbell, 
2001). While sexism can operate at institutional,

Introduction

interpersonal, and internalized levels (Bearman & Am-
rhein, 2014; Cudd & Jones, 2005) this review focuses 
intensely on internalized sexism. Internalized sexism 
refers to a form of internalized oppression, whether it is 
a specific value, belief, rule, or behavior, and sustaining 
it as a characteristic of themselves, which often includes 
adopting the prejudices of society towards the stigma-
tized group (Herek, 2009). Internalized sexism reveals 
how women can maintain the norms of a patriarchal 
system, just as much as men, through their own beliefs 
and actions (Hooks, 2018).
	 Croft and colleagues (2015) explained how inter-
nalized sexism diminishes one’s personhood by limiting 
their sense of who they should be or who they could
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become. Regardless of the numerous opportunities 
society promotes to solve the gender inequality issue in 
today’s world, the “glass ceiling” in society still exists, 
partially due to the internalized beliefs of women that 
limit their self-confidence and feelings of self-competen-
cy. Early gendered messaging in households and society 
may greatly contribute to differences in women’s financial 
literacy and investment behaviors. This review therefore 
(1) examines how early gender socialization contributes 
to internalized financial beliefs, (2) evaluates gender 
differences in financial literacy across development, and 
(3) analyzes how these differences influence investment 
behavior across the life course. This review contributes to 
the literature by synthesizing developmental, linguistic, 
and socialization pathways linking early gendered mes-
saging to later financial literacy and investment participa-
tion. 
	 Although prior research has examined gender 
differences in financial literacy and investment behavior, 
fewer studies directly connect early gender socialization 
processes to later financial outcomes. This paper evalu-
ates previous studies that discuss sexism, linguistic rela-
tivity theory, and parental influence for early socialization 
through a broader lens and explores how these factors 
play into the disparity of financial literacy between men 
and women and how that may contribute to gendered 
differences in investing patterns. The contribution of 
this research is to acknowledge the gender socialization 
differences in development that women experience and 
their impact on financial literacy and investment behav-
iors later in life and initiate the conversation towards 
finding solutions to improve performance in financial 
fields, namely investing. While the focus demographic for 
this review is middle-class men and women, specifically 
children, adolescents, and young adults, it is important to 
note that several other demographics may have differ-
ing experiences, including differences related to marital 
status or income and socioeconomic status.
	 Financial literacy affects how one invests, and 
studies show a gender difference in investment behaviors 
between men and women — a topic important to under-
stand in today’s context. Financial literacy is defined as: 
“The ability to read, analyze, manage, and communicate 
about the personal financial conditions that affect mate-
rial well-being. It includes the ability to discern financial 
choices, discuss money and financial issues without (or 
despite) discomfort, plan for the future, and respond 
competently to life events that affect everyday financial 
decisions, including events in the general economy” (Vitt 
et al., 2000). 

	 As AI and other technological tools increasingly 
impact people’s real-life decisions, such as financial plan-
ning decisions, it is essential to understand how societal 
biases may influence how these tools provide advice. 
Large language models (LLMs) such as ChatGPT rely 
on social “rules” in language and speech to differentiate 
their communication and results based on the receiver’s 
demographic characteristics, like gender. When there is 
a societal norm in speaking of areas such as finance as a 
male-driven subject, AI follows these patterns, replicating 
real life. Thus, the impact of gendered messages in the 
household and broader society is far from being a theo-
retical or historical issue; it is one with real and evolving 
implications in today’s world. 

	 This literature review synthesized peer-reviewed 
research examining gender differences in financial liter-
acy and investment behavior, with attention on the role 
early gendered socialization plays. Articles were identi-
fied using databases including Google Scholar, JSTOR, 
and PubMed. Search terms included combinations of “fi-
nancial literacy gender gap,” “investment behavior gender 
differences,” “development of internalized sexism,” “early 
gendered socialization,” and “financial advice.” Priority 
was given to articles published within the past 10–15 
years, though foundational studies were included where 
relevant.	
	 Because financial literacy is defined and mea-
sured differently across studies, this review relied on two 
commonly used models to guide interpretation. The first 
model focuses on knowledge of financial decision making 
concepts as opposed to behavior (Bucher-Koenen et al., 
2017), while the second incorporates financial attitude, 
financial behavior, as well as general financial knowledge 
within a multidimensional framework (Potrich et al., 
2017). Together the models provided a consistent con-
ceptual framework for interpreting how financial literacy 
was defined across the literature included in this review. 

Methods
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Figure 1. Conceptual map of the research idea.

The diagram shows the contributors to the formation of internalized sexism including benevolent sexism, linguistic rela-
tivity theory, and parental influences. It illustrates the influences of an individual’s financial literacy, as well as the measure-
ments of financial literacy. The diagram further depicts the contributors and influences of individuals’ investment behavior. 
This conceptual map is meant to guide the reader along the concepts presented in this research.

Internalized Sexism and Early 
Socialization
	 Early socialization plays a large role in shaping a 
child’s beliefs about their own ideas of self-competence, 
risk-taking, and financial decision-making. This section 
dives into how internalized sexism, benevolent sexism, 
linguistic structures, and parental influences intercon-
nect to contribute in the development of biased financial 
beliefs from childhood through early adulthood. Under-
standing these processes may help explain how gender 
differences in financial literacy and investment behavior 
may be seen clearly later in life. 

Internalized Sexism	
	 Many factors influence the formation of inter-
nalized sexism in women. Due to the consistent repeated 
exposure to gendered messages across institutions like 
media, education, and family, individuals may come to 
internalize sexist beliefs that align with broader cultural 
norms. Often, people come to internalize dominant ide-
ologies without conscious awareness and this specifically 
reflects the strength of socialization and systemic power. 
A previous study on the process of internalizing sexism

revealed the existence of both direct and indirect rela-
tionships between traditional gender roles, accepting 
external influences, and self-alienation (Bozkur & Şahin, 
2022). Becoming aware and understanding these rela-
tionships is of grave importance, precisely because of 
how women may subconsciously aid in the reproduction 
of stereotypical messages regarding traditional gender 
roles (Bozkur & Şahin, 2022). The reproduction of these 
messages may suggest an enhancement of their own in-
ternalized oppression through personal exposure, as well 
as increasing the exposure of said sexist messages to the 
women around them. An example of this is the implicit 
influence mothers can have on their daughters through 
the reproduction of messages from their own internalized 
oppression. This implicit influence is supported by pre-
vious studies indicating a positive relationship between 
an individual’s internalization of cultural beliefs about 
gender roles and the adoption of gender ideology
perceived by one’s parents (Bishop, 2017; Jasser, 2008; 
Jones, 2014; Wenzel & Lucas Thompson, 2012). The for-
mation of this internalized sexism can be due to societal 
influences just as much as parental influences. 
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Benevolent Sexism	
	 The ambivalent sexism theory states that there 
are two interrelated ideologies of prejudice towards wom-
en: hostile sexism and benevolent sexism (Glick & Fiske, 
1996). When people use the word sexism, most people 
first think of hostile sexism, which is when women are 
viewed in a more negative light; they are overly emotional 
and incompetent, and they are attempting to manipulate 
men to gain power (Gutierrez et al., 2020). Benevolent 
sexism, on the other hand, is the ideology that character-
izes women as delicate, pure, and in need of men’s protec-
tion and care (Gutierrez et al., 2020). In previous studies, 
benevolent sexism has been linked to decreased cognitive 
performance, self-esteem, and feelings of competency 
for women, which suggests a connection to the lack of 
confidence women experience in investment and finance 
fields. 
	 The development of benevolent sexism can be 
seen in early ages through the idea of heroes and the 
helpless (Hammond et al., 2018). Stereotypical attitudes 
regarding roles for one’s gender may be present in early 
childhood, and the development of female-helpless 
and male-heroic attitudes evolves differently over time 
(Hammond et al., 2018). Children between the ages of 
7-11 start to recognize and internalize components of 
benevolent sexism. Hammond et al. (2018) revealed that 
boys across all ages believed that boys should be heroes; 
however, this bias decreased with age.
	 Simultaneously, as boys grew older, they were 
more likely to say girls deserve preferential treatment and 
were less likely to say boys should receive it. Men’s be-
nevolent sexism followed a positive linear trajectory and 
tended not to change over time. However, this consistent 
appeal to men could be due to the romantic appearance 
or how benevolent sexism subtly maintains men’s power 
(Hammond et al., 2018). On the other hand, girls be-
tween the ages of 7-11 showed a significant decrease in 
endorsing the idea that girls should be placed on a pedes-
tal. This decrease may be due to their increased awareness 
of gender inequality. Girls’ internalized beliefs develop 
in a U-shaped trajectory where girls’ endorsement of 
benevolent sexism may decline in middle childhood 
but then rise again in adolescence as societal influences 
shift, suggesting a possible connection to the romantic 
appearance men are attracted to as well. Although sexism 
levels were high in the youngest cohorts, the decrease in 
endorsement of sexist attitudes over time suggests that 
early awareness efforts may be effective, especially given 
how flexible beliefs are at a young age (Hammond et al., 
2018). 

	 Men and women experience benevolent sexism 
towards women entirely differently. Benevolent sexism is 
linked to men helping women in ways that foster depen-
dence on men, which has also been found to be associat-
ed with decreased support for gender equality (Gutierrez 
et al., 2020). Higher accounts of women’s benevolent 
sexism are connected to life stages where women are 
making larger financial decisions, including higher 
education, careers, and establishing serious relationships 
(Hammond et al., 2018). These stages in a woman’s life 
are typically when she should be investing; however, due 
to the increased levels of benevolent sexism, there is a 
lack of self-confidence when making financial decisions. 
However, another study finds a positive correlation be-
tween levels of benevolent sexism when in relationships 
and a woman’s tendency to take financial risks (Teng et 
al., 2021). From these connections, it can be predicted 
that when a woman is in a relationship with higher levels 
of benevolent sexism, she takes more financial risks 
due to the financial support that gives her confidence 
(Teng et al., 2021). This is a counterargument due to the 
fact that benevolent sexism is showing an increase in a 
woman’s confidence rather than a decrease. This could 
possibly convey that women who are single/not married 
experience a more negative effect of benevolent sexism 
while women in relationships could experience a more 
beneficial effect of benevolent sexism. There is a lack of 
research in this specific relationship between the factors 
of relationship status and financial risk taking therefore 
this phenomenon will not be focused on in this literature 
review. 

Linguistic Relativity and Gendered 
Messaging
	 The structure of languages which are used to 
communicate these gendered societal expectations, 
including benevolent sexism, may also influence how 
women internalize them, ultimately impacting their 
financial literacy and investment behaviors later in life. 
Linguistic relativity theory describes how the structure 
of languages plays a distinct role in shaping the thoughts 
of their speakers and forming an individual’s experience. 
The underlying premise of this theory is that when a 
language uses gender differences, individuals are more 
likely to distinguish between males and females in every-
day phrases (Siewierska, 2016). English has a sex-based 
system, meaning the language’s gender system is linked 
to a biological sex, and it utilizes gender-differentiated 
pronouns in the third-person singular for he and she 
(Hechavarría et al., 2017). The use of gendered verbiage
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and gender-differentiated pronouns when discussing 
careers, specifically in investing or finance, can foster the 
development of internalized sexism in a child through 
exposure to stereotypes in that specific society (Hecha-
varría et al., 2017; Boroditsky, Schmidt, & Phillips, 2003). 
These internalized stereotypes of society through the 
linguistic relativity theory support the hypothesis of gen-
dered linguistic structures being a predictor of women 
staying away from investing due to this internal belief 
that it is not meant for them, thus creating and reinforc-
ing gender stereotypes and inequalities (Cameron, 1998; 
Prewitt-Freilino et al., 2012). 

Parental Influence and Early Financial 
Socialization
	 The language parents use subconsciously can 
have an implicit influence on their children. For instance, 
the literature supports that mothers influence their 
daughters through the reproduction of messages from 
their own internalized sexism, which may have partial-
ly been formed by the gendered linguistic structure of 
English (Jones, 2014; Jasser, 2008). Not only parental 
language but parental characteristics and their roles in 
the household hold an exceptionally significant influence 
on a child’s development of internalized sexism. Focusing 
specifically on the parental influence on financial literacy, 
previous studies convey how parents can influence how 
their children view financial matters. It is critical to note 
that children internalize the transmission of financial 
values, norms, and behaviors from their parents, which 
all contribute to the child’s economic well-being, defined 
as their developing understanding of money, financial 
attitudes, and confidence in managing financial decisions 
shaped through early household experiences (Ranyard, 
2018). Whether these lessons are passed down intention-
ally or unintentionally, teaching specific financial knowl-
edge and applying the particular knowledge can foster 
feelings of self-confidence and competence in managing 
finances independently (Ranyard, 2018). 

Gender Differences in Financial 
Literacy 

United States, lack of financial literacy can be attributed 
to 30-40% of wealth inequality at retirement. The impli-
cations of improvement in financial literacy are immense, 
as it plays a critical role in shaping economic well-be-
ing and reducing wealth disparities. A lack of financial 
knowledge limits individuals’ ability to make informed 
financial decisions and contributes significantly to long-
term economic inequality.
	 One fundamental aspect of financial literacy 
that demands deeper attention is the large disparity in 
financial literacy between men and women. Potrich et 
al. (2017) conducted a study following the structure of 
the second model discussed previously that indicated 
an equal difference (12.8%) in lower and higher levels 
of financial literacy between men and women. Buch-
er-Koenen et al. (2017) utilize a different approach to 
understanding financial literacy in men and women—the 
model aimed to understand participants’ basic under-
standing of interest rates, inflation, and risk diversifica-
tion. The results of the study found that more men (55%) 
correctly answered questions related to interest rates and 
inflation compared to women (38%), and fewer women 
(22%) answered all three questions correctly compared 
to men (38%). The study further compared financial 
literacy among men and women in the United States, the 
Netherlands, and Germany and found that similar pat-
terns prevailed. These results reveal that women are less 
financially literate than men, identical to the results of the 
study conducted by Potrich et al. (2017). 

	 Financial literacy is an essential component in 
determining decision-making regarding monetary issues. 
It strongly predicts retirement planning, wealth, and 
investment outcomes. Notably, individuals who are more 
financially literate are more likely to participate in the 
market, which contributes to higher returns (Lusardi et 
al., 2023). Lusardi et al. (2017) also found that in the

Gender Differences Across Development	
	 The developmental and social influences from 
an early age that shape financial literacy are essential to 
consider to understand the root of this persistent gender 
gap. Financial literacy must be introduced and taught 
during development to increase the likelihood of success 
in retirement planning, investing, and other financial 
decision-making. Parents are the primary influencers 
of financial literacy, while self-teaching or a spouse is a 
secondary influence (Clarke et al., 2009). Particularly 
for women, the significant influence of a spouse can be 
understood through the lens of internalized and benev-
olent sexism. As many women are socialized to perceive 
financial management as a male responsibility, they may 
defer to their partners due to internalized beliefs about 
their own financial incompetence. Benevolent sexism 
further reinforces this dynamic by framing men as natu-
ral providers and protectors, subtly discouraging women 
from independently developing financial literacy. Clarke 
et al. (2009) also discuss that practicing financial tasks
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and thoroughly teaching finances at home, rather than 
outside, makes adolescents feel more financially pre-
pared. However, perceived parental influence significant-
ly impacts financial attitude, not financial knowledge; it 
also indirectly influences financial behavior, mediated 
through financial attitude (Jorgensen et al., 2010). A 
study also found that males have their first financial 
discussion in the home at a younger age than females on 
average, which suggests that financial socialization in the 
home may be subject to a gender bias, over time con-
tributing to differing financial literacy knowledge levels 
between the genders (Agnew & Cameron‐Agnew, 2015). 
Thus, financial attitude/preparedness, which influences 
financial behavior, is highly influenced by parents during 
development. Parents harboring gendered biases might 
then significantly impact the financial literacy of their 
children, particularly in girls. 
	 The most common form of indirect parental 
economic socialization is through role modeling. Chil-
dren learn about money and financial behavior best by 
observing and imitating the most relevant models (Ran-
yard, 2018). Variables such as the parents’ highest level of 
schooling and a mother’s presence in the household were 
positively correlated with a student’s financial knowledge 
(Chambers et al., 2019). Agnew (2015) found that stu-
dents attending medium decile schools had the smallest 
difference between male and female roles. Low socioeco-
nomic families tended to see males as more likely to be 
the predominant breadwinner, indicating a more extreme 
view of gender roles. The largest difference in gender 
stereotypes in homes around financial literacy was when 
the students were asked to say which parent influences 
how they spend their money. Students across genders 
were more than twice as likely to answer that their father 
had the biggest influence. These findings emphasize the 
traditional stereotypes around the father being more 
financially knowledgeable than the mother and playing a 
larger role in financial discussions than the mother. 
	 Moreover, parents explicitly teaching children 
and adolescents about finances better aids women in 
making more informed financial decisions than men. 
A study by Jorgensen et al. (2010) found that both men 
and women had better financial attitudes if they believed 
they were explicitly taught about finances by their par-
ents. Still, women who were perceived to have explicitly 
learned about finances from their parents had higher fi-
nancial behavior scores than men. Furthermore, although 
students expect to learn financial knowledge from their 
parents, parents may not explicitly teach it to their chil-
dren (Jorgensen et al., 2010), as parents might view

financial literacy as something to be taught in school 
rather than in the household. Teaching financial literacy 
during development is especially important for women, 
as women report feeling less financially prepared for tasks 
such as investing than men, even when mothers signifi-
cantly model investing (Clarke et al., 2009). This gender 
gap in financial attitude suggests that financial teaching 
in households, beyond simply modeling financial behav-
iors, is crucial for women to feel more confident in the 
topic and increase future engagement, such as investing. 
In addition to family influence, financial education is an-
other critical factor for improving financial knowledge in 
both men and women and helping close the gender gap 
in financial literacy. Goldsmith et al. (2006) found that 
while neither men nor women are adequately financially 
literate, men scored higher on real investing knowledge 
than women. Men’s subjective knowledge of investing 
was also higher than women’s. However, the study found 
that this gap in perceived financial/investing knowledge 
virtually disappeared when students were given formal 
education through a Family Financial Analysis Finance 
course. Through this course, both men and women 
substantially increased real investment knowledge. This 
study proves that consumer education increases financial 
literacy and decreases the responsible financial behavior 
gap between men and women, as financial knowledge in 
women increases (Tang et al., 2015). 

Impact on Investment Behavior

Risk Tolerance
	 Financial literacy is crucial in developing optimal 
investment strategies, and men and women differ in their 
choices when deciding which personal investment option 
to invest in. Men prefer to invest in risky investments 
such as common stocks and real estate investments, while 
women prefer to invest in funds, time deposits, and gold 
(Bayyurt et al., 2013). Ulifalean (2024) also found that 
women prefer bank deposits more than men (by 23.21%), 
as bank deposits are considered low-risk investments. 
The risk of losing that money due to a personal choice 
is eliminated with bank deposits, making it an enticing 
option for women. Contrary to the findings of Bayyurt et 
al. (2013), however, Ulifalean (2024) found that men do 
prefer funds more than women (by 23.81%). Both studies 
agree that men prefer to invest in stocks more, which is 
arguably one of the riskiest investments. However, there 
is an equal preference between men and women for 
bonds, which Bayyurt et al. (2013) identified as one of the 
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riskier investment options. While women preferred 
bank deposits, it was considered one of the least popular 
options among men, alongside savings accounts (Uli-
falean 2024). These findings align with the argument that 
women prefer low-risk investments that generally require 
less knowledge of finance and market fluctuation.
	 Gender differences in risk tolerance can be 
linked to early financial socialization in women. Women 
are likely first exposed to financial learning opportunities 
in college, where they have exposure to more financial 
learning opportunities than men (Tang et al., 2015). Fe-
male college students also have more conversations about 
finances with their parents than males (Tang et al., 2015; 
Edwards et al., 2007). Interestingly, Edwards et al. (2007) 
found that higher financial dependency contributes to 
more conversations with parents on financial learning. 
Nevertheless, these studies found that young women are 
still less likely to take financial risks and tend to have 
more anxiety about finances. This implies a gender differ-
ence in how parents socialize women regarding finance, 
in that young women do not get many financial learning 
opportunities until college. When they inquire about 
finances with their parents, women potentially receive 
advice to be more conservative with their finances. 

exposed to financial matters and losses in early develop-
ment (Blaschke, 2022). A study observing self-confidence 
in respondents’ financial literacy and measuring financial 
literacy found a gender gap in the reported self-con-
fidence and the number of participants holding risky 
assets. Results indicated that men tend to be more confi-
dent in their financial abilities and obtain higher scores 
in financial literacy across several countries. Individual 
confidence in men tends to be a significant predictor of 
holding risky assets, as stated by Cupák et al. (2020). 

Confidence and Participation
	 Early financial socialization and women’s pat-
terns of risk-aversion suggest that gendered messages in 
the household may strongly influence women’s financial 
confidence. According to a survey study by Gill and Biger 
(2009), women’s perceived lack of financial literacy is the 
most significant factor contributing to the disparity in 
investment decisions. The study reveals that women often 
view themselves as less financially knowledgeable, which 
may affect their investment behavior. Crost et al. (2015) 
highlight that internalized sexism limits one’s sense of self 
by diminishing personhood, entailing that women who 
have internalized differing forms of sexism might view 
themselves as incapable of male-dominated activities 
such as investing. Therefore, lack of confidence in their fi-
nancial expertise might stem from internalized sexism, a 
result of various social factors, most notably the exposure 
to benevolent sexism. These findings align with previous 
research, emphasizing the role of gendered perceptions in 
shaping financial decisions. 
	 Thus, a lack of confidence in financial literacy 
contributes to gender differences in personal investing. 
Men tend to be overly confident in matters regarding 
finance, as finance is generally seen as a more male-dom-
inated industry. Furthermore, growing research suggests 
that this is due, in part, to the fact that men are more 

Long-Term Financial Outcomes
	 Overconfidence in financial literacy also con-
tributes to unsuccessful returns, as overconfidence steers 
towards higher trades and lower expected utilities (Bar-
ber & Odean, 2001). Due to men being more confident 
in finance, men tend to trade more than women, leading 
to excessive trading. Overconfident investors believe in 
their ability to accurately assess securities’ values, which 
yields unrealistic expectations of how high their returns 
will be (Barber & Odean, 2001). High trading frequency 
has been seen to lower investors’ returns, and buying and 
holding an investment leads to better returns (Willows et 
al., 2015). Specifically, trading less leads to higher long-
term returns, and single men trade 67% more than single 
women (Barber & Odean, 2001). Thus, a degree of risk 
aversion and healthy financial confidence driven by high 
financial literacy is needed to make the best informed 
financial decision.
	 Further, studies find that knowing when to be 
more confident and risky and when to be more conser-
vative in one’s investments could potentially hold strong 
returns for investors. During the 2008 through 2009 
financial crisis in South Africa, women outperformed 
men in trading/investing; after the crisis, however, men 
invested better (Willows et al., 2015). This suggests that 
since women are more conscious of where and when they 
invest their money, it may serve as an advantage during 
an economic crisis when reducing risk-taking is advised. 
Men might be seen as better investors after an economic 
crisis, as it is better to be more risk-tolerant and confident 
when the economy is recovering from such a crisis. 

Gendered Financial Advice and Decision 
Support
	 Given the gendered messages that women receive 
throughout their development, which affect their in-
vestment behavior, it is also important to examine how 
investment advice-seeking in adulthood may reinforce or 
challenge these messages. As there are significant differ-
ences in how men and women invest, it is advisable for

41



financial advisors to tailor their approach based on their 
clients’ gender. However, this does mean that men who 
harbor pre-existing biases regarding gender may provide 
biased advice to women on how they should invest. A 
study found that financial planning firms, as opposed to 
securities firms, give suboptimal advice to female clients 
based on gender, particularly if they indicate lower risk 
tolerance, lower confidence, and a domestic outlook 
(Bhattacharya et al., 2024). This is because if an advisor 
already has preexisting biases and holds either hostile or 
benevolent sexist ideologies, they tend to offer gendered 
financial advice. Interestingly, a study also found that 
large language models such as ChatGPT offered gendered 
recommendations based on whether they perceived the 
profession as masculine or feminine. They provided less 
risky, prevention-oriented recommendations to female 
professions, and texts written to women had a patron-
izing tone and were more simplified than those written 
to men (Etgar et al., 2024). These findings suggest that 
gender biases in investing can manifest in AI-driven 
recommendations alongside financial advisors, thus 
aligning with the idea that preexisting biases can be tied 
to systematically different financial guidance based on the 
receiver’s gender. 
	 Moreover, parental socialization influences finan-
cial advice-seeking habits in women. Simms (2014) found 
that only 24% of women reported using investment ad-
vice in the past five years since the study was conducted. 
In the findings, women were labeled as either “strugglers” 
or “thrivers,” with lower self-assessed risk aversion being 
one crucial distinguishing factor between the two groups. 
The study found that “thrivers” are less likely to seek 
financial advice when someone in the household knows 
more about finances than they do. Thus, risk tolerance is 
crucial in predicting whether a woman will seek financial 
advice. Such advice-seeking behavior is indirectly tied 
to parental style and whether one received an allowance 
during development; it is also directly tied to financial 
literacy and risk tolerance. Receiving an allowance during 
adolescence is associated with a greater financial risk 
tolerance, and higher levels of financial knowledge and 
risk tolerance are correlated with a higher likelihood of 
seeking professional financial advice (Fan et al., 2021). 
Therefore, early financial experiences through parental 
socialization contribute to the development of financial 
confidence and a willingness to seek professional advice 
— factors that influence the gender gap in investing and 
finance.

	 The literature suggests that early gendered 
messaging may shape internalized beliefs about financial 
competence, which influence financial literacy devel-
opment and ultimately contribute to financial behavior 
and investment participation patterns across adulthood. 
There is a disparity in financial literacy between men 
and women based on tests of financial knowledge, atti-
tude, and behavior. Financial literacy is a determinant 
of investment patterns, as a lack of financial literacy, or 
perceived lack thereof, can contribute to less financial 
confidence in women. Financial confidence is tied to risk 
tolerance in investing, and men have been found to prefer 
to invest in riskier investments than women. Moreover, 
women’s lack of financial confidence can be linked to 
experiencing benevolent sexism, as it is correlated with 
decreased cognitive performance, self-esteem, and feel-
ings of competency for women. Because financial liter-
acy develops early in life, parental socialization plays a 
central role in shaping these confidence differences across 
development. Several studies have found that direct 
financial education by parents is crucial in determining 
a child’s financial literacy later in life (Clarke et al., 2009; 
Jorgensen et al., 2010), as parental characteristics and 
roles significantly influence the development of their 
children’s mindsets. Children who learn about finances 
from parents tend to have more financial knowledge and 
better financial behaviors later in life. However, males 
have financial discussions at home at a younger age than 
females, suggesting gender biases in financial education 
in the home. Linguistic relativity theory, the idea that 
languages with gender-differentiated structure may create 
and reinforce gender stereotypes and inequalities, may 
then explain why women tend to invest less, or be more 
risk-averse, than men. These findings suggest that gender 
differences in financial behavior are not only shaped by 
access to financial knowledge but also by early social-
ization processes that influence confidence, perceived 
competence, and participation across the life course.

Discussion

Limitations

	 There are, however, limitations to this work. 
Financial literacy is patterned by many demographic fac-
tors, including gender, race, ethnicity, social class, culture, 
etc. (Chen, H. & Volpe, R. P., 1998). However, this review 
focuses solely on the influence of gender on socialization. 
Acknowledging that the connections made in this review 
may not apply to certain demographic groups or regions
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Implications

 is essential. A separate limitation is the lack of longi-
tudinal research on women’s early socialization and its 
long-term effects on financial behavior. Future research 
can help identify and confirm this link through longitu-
dinal studies. There are also potential biases due to the 
data collection methods, which consist of self-reports 
in the literature reviewed. While this review revealed 
valuable information on gendered financial socialization, 
these limitations emphasize the need for further research 
to understand the multiple factors intertwining to shape 
financial literacy entirely.

	 The findings of this review suggest several im-
plications for education, policy, and future research. The 
studies have shown that financial education is critical, 
specifically early financial education. Women worldwide 
lack financial literacy due to a lack of financial education, 
leading to a greater gender wealth gap. Moving forward, 
policymakers should consider early financial education 
as a critical element and effective method of promoting 
gender equity in the long term (Bae, 2023). The empiri-
cal tests for the effect of financial education on financial 
literacy suggest that women who receive early financial 
education to improve their financial literacy can better 
understand the compounding effect of interest rates on 
loans, portfolio diversification, and mortgage payments. 
It was also revealed that early financial education on 
financial behavior positively correlates with women’s 
increased participation in the stock market, insurance 
activities, and savings habits (Bae, 2023). 
Looking forward, linguistic relativity theory should be 
considered when discussing societal changes related to 
gendered language and its influence on financial confi-
dence and participation. The use of gendered verbiage 
and gender-differentiated pronouns when talking about 
careers, specifically in finance and investing, can fos-
ter the development of internalized sexism in children 
through exposure to societal stereotypes (Hechavarría et 
al., 2017; Boroditsky, Schmidt, & Phillips, 2003). Re-
search suggests that the implicit use of gendered-verbiage 
can lead girls to internalize the idea that investing and 
financial fields are not meant for them, specifically when 
considering their gender identity. This internalization 
may contribute to long-term disengagement from a girl’s 
future financial opportunities. Suppose changes are made 
as a society in terms of the use of gendered verbiage by 
shifting towards more inclusive language, where feminine 
pronouns are used more to describe professions. In that 

	 This literature review demonstrates that early 
gendered messaging plays an important role in shaping 
women’s financial literacy development and investment 
behaviors throughout the life course. By synthesizing 
research on internalized sexism, parental socialization, 
linguistic structure, and financial confidence, this review 
emphasizes how early social environments contribute 
to persistent gender differences in financial behavior. 
Understanding these developmental pathways provides a 
foundation for future research and intervention strategies 
aimed at reducing the financial gender gap.

case, this may help reduce the gender gap in financial 
literacy and investment behavior. 

Conclusion
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